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Measurement of Received Polarization Characteristics

by a Vehicle-Mounted Antenna in Cellular Communication Environments
Seiryu OKAMOTO*, Yuki KAWATI*, Kei HIIRIKAWA**, Hisato IWAI*, Shinsuke IBI*
(Received July 20, 2021)

In this paper, we show a measured result of the polarization characteristics for vehicle-mounted antenna by receiving radio signals
of an existing cellular system. We carried out measurements of the received power at three different antenna positions. By the
measurement, we clarified the dependency of the cross-polarization discrimination (XPD) characteristics on the installation situation
of a receiving antenna in a vehicle. We also evaluate the gain where the dual polarizations are ideally received and utilized. It is
equivalent to the diversity gain of the maximal ratio combing. Therefore, using the measured data, we evaluated the gain of the space
diversity and the polarization diversity. Based on these considerations, we discuss the effectiveness of the horizontal polarization

focusing on the antenna installation situation.
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Fig. 1. Measurement environment.
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Table 1. Experimental specifications.

Frequency 865 MHz, 2.12 GHz
Height of
o 15m
transmitting antenna
(@) (i) (iii)
Position | Measuring | Vehicle Vehicle
cart roof cabin
. Sleeve antenna
Receiving . .
anfenna T (Vertical polarization)
ype Turnstile antenna
(Horizontal polarization)
0.9m 1.4m 0.9m
/)
(i) Measuring cart (i1) Vehicle roof
(iii) Vehicle cabin

Fig. 2. Antenna installation.
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Fig. 3. Directional pattern of receiving antenna.
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Table 2. Measured XPD of antennas [dB].

865 MHz 2.12 GHz
IS1eeve 23.1 25.1
ITurnstile 18.6 13.5
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Fig. 4. Spatial distribution of received power.
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Fig. 5. CDF of received power.
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Fig. 6. CDF of XPD.

Table 3. CDF 50% value of XPD [dB].

865 MHz 2.12 GHz
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Fig. 7. CDF of XPD (LOS and NLOS).
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Fig. 8. CDF of dual polarization utilization gain.

Table 5. CDF 50% value of
dual polarization utilization gain [dB].

865 MHz 2.12 GHz
(i) (ii) (iif) (M) (i) | (i)
0.5 0.6 2.9 11 1.3 2.3

3.4 HFAN—FHR

RTER bk~ 72 MR ARG I 2 A S — 2 FEdfr
DEKRIEER EETHDH. Z 2T, ML A —
SFERE LA N T DL A NR—= TR &
5. LAF, 865MHz OMIERERZ FHVV-CORT.

HANR=FOERKEE LTI, BRERKIESC:
selection combining) 35 L Y i Kkt & Ak ¥ (MRC:
maximal ratio combining) & AE "% . F /2= A /N —
TFNL, WEEBE DN Sy ORREEA BEN 7 2 Hh
SRUCHIE U7 ERIE 5B 2 2 DT T
FNOHELNTZEERTEHRL, XAN—TE
RRAAT D .

xR & D XA N—FRIFELLT DL ST

ERTD. £7, HOXENEENL Sm W= 7
W OR ) X 1) 0D T [EL A I 0O 5245 #6024 E T2

(14)

RN N

KA

FEIOFREMAZ ERL Lo b D&M {5E )
L L, BEREZEE A = T8 )OO E
/1D CDF1% % FEHEZEE S &35, WIZ, FT
XM 5 Z A = F iAo 215 E S
CDF 1%/fE & FHEZZE ) & OEERD, LA " —
FREET 5. 2L, 1%DRFHFETCT = —T 7
WWEVERTFTLEEZLILVD, A NR—=FI2LD
HEEANEZTTHEDOTHD.
BHEHEENT VT FREOLEDOL A N—2F
AR ORI Z{E ¥ /10 CDF % Fig. 9 (R d. B
EN—T BITRWER CTH o727, AEEEEN
DFERDOIIR LTS, F£i2, A= FHEE
Table 6 |2 F & O Ty . R RTERMEIL, KX
TZ®D CDF 52 b5, W77 o F O NPT
LAV —EHNTHIA N FERELGED
BETH D Y.

2

Fe(®) = {1 - exp(— )} ©

(—Om !

) Z (6)

P@ﬁiw%mm%h%n@77/%ﬁmEnﬁﬁ

Furc(P) =1 —exp(—

% CDF, Pyl V58T, PIIBHEDOZAGE I &R
LTW5.
Fig.9 2> 5%, ZEM & A S— F R R

RIE L7223, 7 27 FOHEHENR LR T, &
ANR=TFFBELENZ ERNb D, —JF, Rk A A
N FTILT T FTRENMNEIZL > TH A N—
FRRIRE B2 L. WMEFIELHERF STV D
BHREDOLGA, WX A =TI X D8R3
é<,§4ﬂ~y%ﬂwi@mémfwzm,%km
AR TH 2.6dB THo7o. ZIUTKHLT, ﬁ&%r
WHEL L TODEENICT VT 2 ikiE L
TR Z A = FOREBHIRI R Z . A /83—
T REHEIN AT 2.2dB, KA Tl 5.0dB
Thd.
%ﬁkmﬁfékféfmAmEKﬁmfme
1%fEIZ 31T DFEX2EENFTHEFRME D HRE V.
_niéE®wmﬁﬁ#L@&#§%ﬂ%&ﬁﬂ%
BURE CHL ZENRRLEEZ bND. HimiEz



YL T EEREEIC

2 5XG)BLOG)ITEBEERZE IR LA

V polarization
—SC
MRC
= = =Theoretical value (No diversity)

4 = = =Theoretical value (SC)
1 0-3 ,' Theoretical value (MRC)
20 -15 -10 -5 0 5 10

Relative received power [dB]

(i) Measuring cart

-10 -5 0 5

-15 10
Relative received power [dB]
(ii1) Vehicle cabin
(a) Space diversity
20 -15 -10 -5 0 5 10
Relative received power [dB]
(i) Measuring cart
20 -15  -10 -5 0 5 10
Relative received power [dB]
(iii) Vehicle cabin

(b) Polarization diversity
Fig. 9. CDF of relative received power.
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Table 6. Diversity gain [dB].

Space Theoretical (1) (iii)

SC 10.2 4.0 42

MRC 11.7 6.1 6.7

Polarization Theoretical (1) (iii)

SC 10.2 0.2 2.2

MRC 11.7 2.6 5.0
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