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Roadside Antenna Arrangement for Effective Cell Area Expansion in
Road-to-Vehicle Communication System with

Simultaneous Transmission
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Fig.1 Road-to-vehicle communication system.
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Table 1 Traffic flow parameters.
Lane 1 2 3
Vehicle speed [km/h] 80 |95 | 110
Free Mean time headway [s] | 3.5 | 2.5 | 2.0
flow Erlang phase 7 4 3
LVR [%)] 80 | 70 |40
Vehicle speed [km/h] 10 |15 |20
Congested | Mean time headway [s] | 5.5 | 5.0 | 4.5
flow Erlang phase 6 6 6
LVR [%)] 50 |40 |30

goooo3boooooooooocoooooboo
gooooooooooocoooooooboooboo
gboooobooobo0obbooboobboobooon
000000000000 D0O0D 200 #sIDOOO
gboooooog

k k
(kp) Fh=lg—kur; (1)

p(mi) = (k1)

oo0oU0oooOoU0ooooOooooeuoooo
ps] 0000000 0KO0DO00DOO0ODOOODKD
gooo0oO0ooOoooUoUooooooooooooo
ooo0o0o0o0ooUoooooOooooooooooo
gooooooobobobbooooooobooood
O00k000D0000DODOO0ODODODOOODODOOO
JodobDO0odoDOOodooOOoo0DoDoOoOokODDOOO
0ooodoooooobboooooooooood
o0oo0oo0oo0ooooo9ooooooooon
0020000000000000000O0ODOOO
000000000 OO0LVROLarge-sized Vehicle
RatelD O OOOOOOOOOODOOOOODODOO

1084

v B e I
- hb
e SR I AT
> >
>
1
BS
roadside : -" Y, ws
Block vehicle .*%
direct path L wi
g
ground-reflection pathﬁ“,/’:' v
K
target vehicle Wﬁaction wave
vehicle-reflection path &(ﬂ
communication zone
mall A A

-

-
N

s
2 o

[y
<.

03 0000ooo0o
Fig.3 Radio propagation model.
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Fig.4 Knife-edge diffraction model.
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Fig.5 Knife-edge attenuation.
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Fig.6 Single-sided BS arrangement.
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Fig.8 Gantry BS arrangement.
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Fig.9 BS density (Case of 2).
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Table 2 Simulation parameters.

Tx frequency f 5.8 GHz

Tx power P 10dBm

Tx/Rx antenna gain G, G, | 2dBi

Rx bandwidth 5 MHz

Rx noise figure 10dB

Modulation method QPSK

Required BER 10~°

Number of lane 3

Number of vehicle kind 2 (Std/Lrg)

BS antenna height hy, 6.0/12.0 m

Lane width w; 4.0 m

Roadside/Mall width w, 2.0 m

Vehicle length (Std) 4.5 m (Lrg) 10.0 m
Vehicle width (Std) 2.5 m (Lrg) 2.5 m
Vehicle height (Std) 1.5 m (Lrg) 4.0 m
Dashboard height (Std) 1.0 m (Lrg) 2.5 m

Tx:Transmitter, Rx:Receiver
Std:Standard-sized vehicle, Lrg:Large-sized vehicle
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Fig. 12 Merit of stagger type BS arrangement.
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Fig. 13 Link-blocking rate (Congested flow, hy=6m).
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Fig. 14 Link-blocking rate (Congested flow, hp=12m).

00BSOOOOOBSOOOD 20000000000
goooooooooBSOOOODOOoOOoOBSOO
gooooocoOoOoOooooocoOoOooooooog
go0ooooOooooooo20000Oooooog
go0oooooooOoooooooooooooodg
go0oooOoUoOoooocoOUooopooooogo2d
0BSOODODOODODOOODODDOOUOOOOOOODOO
200 00000000000 00D0000DODOOO0
0000000000o0Dooooooog 1400
0000000BSOOO 10040000 BSOOO
200mO0 0 s0mO0000000O0O000O0DO0O0ODOO
oooooooOooOooOoUoOoUoOoooD /200
gooooooooooooooogo
030 ODOC0OoBSOOOOO
g0o0ooooooooo2200000oOooooo
go0oooooOooOooooocoOoooooooog
gooboboooobi10o0obo3boooooobooon
joooooo00ooooooooooooood
gooooO0oobOoo0oobOobobOoboOo11300O
14000000000000000000000000
00000000 00o0oooooooooooog
gooooocoOoOoOooooocoOoOooooooodg
goooo
gddo0oooo0oOoUoooooooooooo 20
go0oooooOooOooooocooooooooog
go0oooooOoOoooooocoogoooooo
4.2 J00000OOCOOOOODOO
00000ooDooo00ooooooooooooono
00000ooo0000o0oooooooooooog
00000ooo0000o0oooooooooooog
gooooocooOooooooooooooooodg
gooooooooooooOoOooooooooodg
go0oooooOooOoooooooooooooog
0000000000 MLBDO Mean Link-Blocking
Duration0 00 0O0O00OOOOCODO
0100016000000 00O00ODOOODOO
O0BSOOOOOOOODOOOOODOOOOODOO
0000000o0ooooooooooooooog
00000ooo0000o0oooooooooooog
gooooocooOooooooooooooooodg
gooooocooOooooooooooooooodg
goooodoooooooooooooooo kg
gble00000D0OO00O0ODOOO0OODOOOODO
000ooU0oooOoOoooooogoBsSOOO 20BS

1091



000000o0ooooo 2005/12 Vol. J88-C No. 12

0.5
—@— roadside
=O—mall
—h— cross
0.4 frr-mrmmmmmmmmmm s —/—stagger
— 1-set gantry
—{32-sets gantry
§ 0.3 QRerrrrrrrrrmr e
=)
-
E 0.2 ....................................
O e T s '
0
1 1.5 2 2.5 3 3.5 4
BS density [/100m]
(a) hy=6m.
0.5
~@— roadside
—O~ mall
—k— cross
0.4 frommmmmmmmmemmmm e —/— stagger
— 1-set gantry
—{ 2-sets gantry
g 0.3
=)
=
E 0.2
0.1
0

1 1.5 2 2.5 3 3.5 4
BS density [/100m]
(b) hy=12m.

015 ODO0O0oOoooooooooooooobooo
Fig. 15 Mean link blocking duration (Free flow).

O0=0mO00000D0O0O0000000O0O0 BSO
gooooocoooooooocoOoooooOooboOoo
gooooooooooooocoooooobooobooo
OooBSOOOOOOOOOOOODOODOOOOO
000oooooooOoBsSOoOO200000000
goooooooooooooooobooooobooo
goooooooooooooboooooboobooo
gooooooooooooooooo
Oo0ooOoooBSOOOOOOOOOOOOOO
oooooooooBSOOOOOOOOOOOOO
ooooooBSsOOOOOOOOOOCOOOOOO
0BSOOO0O25000BSO0 <8omMBSOOOO
ooo0o0ooooOo0obooBsSOOO02000BSO

1092

0.5
—@— roadside
—O~ mall
—h— cross
0.4 fprobrepemmmmemmmmemeiee —/— stagger
- 1-set gantry
—{ 2-sets gantry
g 0.3
2
=)
g 0.2
0.1
0
1 1.5 2 2.5 3 3.5 4
BS density [/100m]
(a) h,=6m.
0.5
—@— roadside
—O— mall
—h— cross
0.4 p--mmmmmmmmmmmm e —/— stagger
—i 1-set gantry
—{J 2-sets gantry
g 0.3
=
=2
g 0.2
0.1
0

1 1.5 2 2.5 3 3.5 4
BS density [/100m]
(b) hy=12m.

016 ODODOOOOODOOOOOOODOOOOD
Fig.16 Mean link blocking duration (Congested flow).
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