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To realize the efficient service-cell planning, the propagation loss
characteristics from various outdoor BSs to indoor MS have to be clarified.
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Radio equipment

Center frequency 4.89 GHz
Transmit power 11.5 dBm
Transmit signal CwW
Receiver dynamic range From -120 dBm to -30 dBm
Tx/Rx antennas Dipole (2.14 dBi)
Polarization Vertical polarization
Antenna height (UAV) From O m to 15 m
Indoor floor height 20 m (building), 7 m (cafeteria)
Antenna height (indoor) 1.7 m from floor
Receiver sampling rate 100 Hz
Moving average 2 m (horizontal) 1 m (vertical)

UAV equipment
DJI NAZA-M v2
DJI iOSD MARK I

100 Hz

Flight controller
Flight recorder
UAV sensor
recording rate

TELECOM FRONTIER No.108 2020 SUMMER



UAV ZHLVI-E

BRERAEESMRECORYMEARRFEET VT

Radio Propagation Measurement by UAV-based System and Building Entry Loss Modelling in High

Altitude Environment

Conference room (6F)

Research Building 20m + -2

20m-{_®

0.4m |4 lMS
! 17m
—] 20m
15m Measurement course -
(horizontal)
! grass field ’ v

Cafeteria (3F)

terrace MS ¢ °
Q&
Q
Q4
22m 15m
grass field Measurement course
(horizontal) 20 m

<

(d) cafeteria (map)

3.3 4.9GHz $EHCHERER
WFZERRIZ BT DI E -l COZIEE I 5 %X 6 1R

T BN MS OALEBIRB AT RL T2, X 6(a) 28 JIE R

O)PREET MLD THIETHD, Z(5E11E BS 28
MS DOALE TSI 2N TRIKIC B U=, K71
DZAGENFHEICE BLIESE ., mEE=) 7 T3k E
r“:r.)m:%%{%ﬁ ZZAFEIDELL CODHER DD,
1B 7 [0 DA TR PES [FER O I 23 R 7, 242
BEL E7 /LTI, 2O X7 BEMR AR RO £ FERRED
BLEHTEXTWVBHEBSND,

APEICED BEL BT A ST A—ZREERERA L 212
T, D7 | 5.25GHz T b VI BEAERFSE[4]
fRMTAE LR T, _ETIE T, Bl T HOEWRAE
KW, X 5dB 75 6dB FRETHY, BEfFSCEk[4l ToH T

IRITDBAEKLZIFERE Tholo, BMERA
IR DAY J5 18] 5 PEARATAEW, oy VERIF FERR 1SR [4]

FIFRFRE Th-T28, A7 =T U7 TIHFIE 0dB Th

ST, ZHUIH 7 =T VT BHTARODOMIEOL AT TN

(b) research building

\Q (outdoor view)

(e) cafeteria (outdoor view)

115 4. 9GHZHS T (it S e 2

(c) research building
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(f) cafeteria (indoor view)
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Parameters Concrete wall | Glass window Building Cafeteria Building | Cafeteria
(5.25 GHz) [4] | (5.25 GHz) [4] | (COST 231) | (COST 231) | (proposal) | (proposal)
W, [dB] 22 6 10 18 6 5
WGe azm [dB] 26 15 46 0 21 0
WGe,elv [dB] - 37 47
nﬂlel 2 2 0-9 2
Nely — — 4 2 0.9 0.3
« [dB/m] 0.5 0.5 0.6 0.6 0.6 0.6
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(a) receiving power profile
(research building, measurement data)

46 JERS R(a)Z A5 E ) o0 WFsesR, i), (b) ZAZE 04 GFIEEE, €7 1), (OFT VG

EL D2 72510 HEDR T 2 E i ORMIR B KA
%Ea<%w¢5$f%\%m%%@*wgm1m
3 Wt — v A U 7RRGHIFIH S 5 F0 %
Iha,

SHBOBEELE LTE, LY EER UAV OFRITHIHE -
FATREEDORIREIT D ENTEDH LI VAT LAEZUE
L, MIEDOKELEEELZR ET2TETHD, Fio
BT o7 FEHWEEEZMAGDOEHH T, &
W DIRIRIR 0 E DGR A 7 = X LD %1T 5 TIE
Th b,

-

*1 Building Entry Loss: EEHEMNH S BMAIC
EHBRIZELBEHIEX

2 FeRIGOUS  FHAROERESEEEL
ERTOZEESHE, L EROEIHRIFEZETA
THEE

\x

S5 X

[1] H. Omote, M. Miyashita, and R. Yamaguchi,

Horizontal position (m)
(b) receiving power profile

(research building, proposed model).

Modeling Error (dB)

(c) modeling error CDF

“CDF4541)

“Measurement of timespatial characteristics between

indoor spaces in different los buildings,”in
Proceedings of 2015 International Symposium on
Antennas and Propagation (ISAP), Nov 2015, pp. 1-
4.

[2] J. Medbo, J. Furuskog, M. Riback, and J. E. Berg,
“Multi-frequency path loss in an outdoor to indoor
macro cellular scenario,” in 2009 3rd European
Conference on Antennas and Propagation, March
2009, pp. 3601-3605.

[8] H. Okamoto, K. Kitao, and S. Ichitsubo, “Outdoor-to-
Indoor Propagation Loss Prediction in 800-MHz to 8-
GHz Band for an Urban Area,” IEEE Transactions on
Vehicular Technology, vol. 58, no. 3, pp. 1059-1067,
March 2009.

[4] M. Alatossava, E. Suikkanen, J. M. H. Veli-Matti,
and J. Ylitalo, “Extension of COST 231 Path Loss
Model in Outdoor-to-Indoor Environment to 3.7 GHz
and 5.25 GHz,”

Multimedia Commun., Sep. 2008, pp. 1-4.

in Int. Symp. Wireless Pers.

TELECOM FRONTIER No.108 2020 SUMMER



UAV ZHLVI-E

BREHRAEESMRECORYMEARRFEET VT

Radio Propagation Measurement by UAV-based System and Building Entry Loss Modelling in High

Altitude Environment

(5]

C. 231, COST Action 231 - Digital mobile radio

towards future generation systems - Final report.
Luxembourg: Office for Official Publications of the
European Communities, 1999.

ITU-R, Propagation data and prediction methods for
the planning of indoor radio communication systems

and radio local area networks in the frequency range

900 MHz to 100 GHz. Recommendation ITU-R

P.1238-7, 2012. [Online]. Available:
https://www.itu.int/rec/RREC-P.1238/

RR 8 STk

[1] Kentaro  Saito, Qiwei Fan, Nopphon

Keerativoranan, and Jun-ichi Takada, “Vertical

and Horizontal Building Entry Loss

Measurement in 4.9 GHz Band by Unmanned
Aerial Vehicle,” IEEE Wireless
Communications Letters, vol. 8, no. 2, pp. 444-
447, April 2019.

Saito, Nopphon

“Site-

Kentaro Qiwel Fan,
Keerativoranan, and dJun-ichi Takada,
Specific Propagation Loss Prediction in 4.9 GHz
band MDPI
Electronics Journal 2019, 8(12), 1398, pp 1-16,

Nov 2019.

Outdoor-to-Indoor Scenario”,

Kentaro Saito, Qiwei Fan, Nopphon Keerativoranan,
Jun-ichi Takada, “4.9 GHz Band Outdoor to Indoor
in High Building

Environment Using Unmanned Aerial Vehicle”, 2019

Propagation Loss Analysis

13th European Conference on Antennas and
Propagation (EuCAP), Apr. 2019.

Kentaro Saito, Qiwei Fan, Nopphon Keerativoranan,
Jun-ichi Takada, “4.9 GHz band Outdoor-to-Indoor
Radio Propagation Measurement by an Unmanned
Aerial Vehicle”, IEEE International Workshop on
Electromagnetics G(WEM) 2019, Aug. 2018.

Kentaro Saito, Qiwei Fan, Nopphon Keerativoranan,
Jun-ichi Takada, “Vertical and Horizontal Building
Entry Loss Measurement in 4.9 GHz Band by

Unmanned Aerial Vehicle”, COST Inclusive Radio

ZOWMEIL.
LTHEAZN,

Communication Networks for 5G and Beyond
(IRACON), 11th MCM, Sep. 2019.

EHE KRS, N> XA, XTT4UFT T IRy,
m B —. “Unmanned Aerial VehicleZ H 7=
4.9GHz % & 4 -2 N & B s 1 0 E”, 13 o
BFaYyA=7 K%, Sep. 2017.

TEIE KRS, Ny XA, XTT4UFT I R
v, WH #M—, “Unmanned Aerial VehicleZ H
724.9GHz# B4+ - BN & B S R L W & & 1 1F

WaR(EFS Hiprses S (B mRE(E), Vol
117, No. 178, pp. 25-30, Jul. 2017.
XA, TEEE KRR, mHE -, “Unmanned

Aerial VehicleZz I\ /-2.4GHz# B4 - BN B =
W E”, EEWOEE s B SR S G
HEfESLEE) -- (BEVEEY—2av7), Vol. 116,
No. 481, pp. 129-133, Feb. 2017.

T2 8HEESCATHEMAEDOXE L
TR 29~FMREFEEICERESNT=D

NDTY,

TELECOM FRONTIER No.108 2020 SUMMER



