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VEHICULAR COMMUNICATION TECHNOLOGY

Vehicle-to-Vehicle (V2V) Communication is a famous technology due to the
increasing of vehicles on the road. V2V communication technology is used for
communication between vehicles, as well as reducing accidents and providing road
safety. In the first technology, V2V communication is presented as IEEE 802.11p
standard, which can support more connection of V2V communication. After that, V2V
communication has been developed as Long-Term-Evolution-Vehicle (LTE-V).
Recently, 5G New Radio (NR) technology represents the next level of V2V
communication. With the advantage of new technology, it provides the extreme
throughput, edgeless connectivity, high reliability and the most famous is 1ms of end-
to-end latency. Researchers proposed the attractiveness of 5G communication.
Consider the communication between vehicles, there is an obstruction between
transmitter and receiver vehicles. Communication efficiency decreases rapidly with the
size of obstruction vehicle. This case presents the Shadowing Effect which affects the
communication in the receiver. As a result, the power received at the receiver
decreases.

This work presents the study of path loss and shadowing effect in vehicular
communication using 5G technology in situations with and without shadowing effect

to vehicle road communications, which difference in three environments. The



efficiency of communication between vehicles decreases rapidly as the size of the
vehicle interferes. The solution of shadowing effect is proposed in this work with
antenna half-power beamwidth adjustment. As a result, the efficiency of the

communication system between vehicles in various parameters has been improved.
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2.3.6 Half-Power Beamwidth (HPBW)

A
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24 iztlzmiﬂthﬂﬂa@ﬂﬁﬂ (Stopping Sight Distance, SSD)
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3.2 Systems infrastructure
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33 Vehicle Platooning

D.
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1D NBVINT1Y Basic safety message (BSM)ﬁiﬂﬂﬁf’fi"“’ﬂwaﬂ’ﬂnﬂaﬂﬂﬂﬂ vounalulad
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5GNR ﬂl@ﬂ'ﬂil‘l/l%"llﬂﬂﬁTﬁi‘Uﬂ"liélmﬂl LWE]VWI"IGIWEJ muuummﬂammmmwu ‘1J3$ﬂ’f)‘1J
T1J&e Message ID, Time, Latitude, Longitude, Heading, Elevation, Speed, Steering Wheel Angle,
. . 9 v dyd 4 19 <3
Brake System Status and Vehicle Size magammumm@ﬂnmm 200 lud ludeanisanusn

Tumsdaanga

gﬂﬁ 3.3 anHaEMIAaAITUUY Vehicle Platooning

(ﬁiﬂ : www.volpe.dot.gov/news/how-automated-car-platoon-works)

Bytes ms Mbps meters) |(%

Vehicles dynamically form a platoon
Vehicles travelling together. Vehicles in the 90-
platooning platoon obtain information fromthe 50-6500 10-25 0.012-[65] 80- 350 99.99
leading vehicle to manage this .

platoon.

319 3.4 1193511 Connected vehicle 111111 Vehicle platooning

RY
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34 The Vienna Cellular Communications Simulators (VCCS)
Y
Vienna Cellular Communications Simulators (VCCS) gnwaidu lagnguiinivenis
A 9 v . ~ Y o o o
fods 3meandoniulnsauuiay TU Wien Tutlanedl 2008 Tawauigasidanissiany
1 o 1 v
m%ﬂnﬂmagmmuu Long-Term Evolution (LTE) 3871 Vienna LTE Simulators %9152 a1
o 9 3 ' . ' o A = X
anudsalumslonuiiuediann Tag Vienna Ao19nWaINIGT08 9 34D 5G Vienna
3’/ o [] 4 o a Aa A a
uuianuansalumsasuumsevismagals ensainslsedivilsganinmd
Y
dnavveuniovtonatesuvuialuawionIvuaniovionaisdszinn Vienna Simulators
I A A o AqQ Y1 w = o 1 a S Y
WwasesdlodiassuuunlFgnuTUsunsy MATLAB Fsansofimuaa1misimes |4
nannateguuy
. . vy < 0 g . 4
Vienna Simulators 391111 1/in13§1a09uunlusuues Physical layer ¥99015 A0 913

v W

ﬁ’aﬂm@waﬁﬁﬂmmmi%’ﬁ'm unuMITaeInsunsnszate lavalegiluuy 191 Propagation
Effects 143 mﬁwuf ﬂﬁﬂ“ﬁ“ﬁ%ﬁW Vienna Simulators §11/51 Antenna Half Power Beamwidth
1NDaANANsZNUVD Shadowing Effect TTABMS TOETTZHIIIUNIHUE
3.4.1 Parameters

LTE config.frequency: mmﬁ“lumiﬁnmmaﬁzuu

LTE_ config.bandwidth: HUUAIANUBITL VY dwﬁaummﬁa 1.4 MHz, 3 MHz,
5 MHz, 10 MHz, 15 MHz 4@ ¢ 20 MHz WUUFI AN IR gAY 6, 15,25,50,75 uag 100
Resource Blocks (RBs) #1089

LTE config.nTX: UIUATOIMANAT

LTE config.nRx: UIUAYDINANIATY

LTE config.tx_mode: Tvualumsdeds

— 1: single antenna.

2: Transmission Diversity (TxD).

— 3: Open Loop Spatial Multiplexing (OLSM). Spatial multiplexing with
Large Cyclic Delay Diversity (CDD).

— 4: Closed Loop Spatial Multiplexing (CLSM).

— 5: Multiuser MIMO.

— 6: Rank-1 CLSM

— 7: Beamforming

— 9: Eight Layer Spatial Multiplexing



22

LTE config.eNodeB tx power: ﬁ?ﬁ'ﬂﬁﬂq\iq&] (W‘Li’JEJ’SJGWT)
LTE config.antenna gain pattern: 3ﬂllﬂﬂ5¢]i1m81&ﬂ]@ﬂﬁ18E]Tmﬁ
TR 36.873 3D antenna
TS 36.873 3D antenna
LTE_ config.antenna.antenna_polarization: Tns lsdaunsadald 2 uow
COPOL.: Linear polarization
XPOL: Cross polarization
LTE config.antenna.slant_angle: ymﬁﬂﬂuﬁmﬂ ©)
COPOL: 311984 0°
XOPOL: }MID8 +/- 45°

LTE config.max_antenna_gain: 8A510610V046 19910 A 111118 dB
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9
Tuuyy LOS tag NLOS Gl,u!,mazﬁmwuma”@u TagazHIN1591209N4 ﬁﬂ"I‘WLL’J@Ifgi}’E)iJ 3

a 4 o 1
Tuidioe Mudied Hag ¥UUN tazinzvHamIsanan la

{ 1 a 4 =
GI'IT!"NIﬁ 4.1 HEAIMINITINADINITFYLTIVDIIIUWIN UL

Vehicle Types

Vehicle loss (dB)

Small 2-8
SUv 8-10
Large or Truck 15-20

4 1 a 4 o 4 1
Gl'l§1\1ﬁ 4.2 L!ﬁﬂ\‘]ﬂ'lW'l‘iTJJm’ﬂ‘iﬁluﬂTiﬂ'laf]\‘lL!‘]J’]Jﬂ'l'iﬁ@ﬁ']ﬁ5$W’J'NEI'IHWTHH$GI,H

ANMNIAZBOUA

Parameters Value
Frequrncy 700 MHz , 2,600 MHz
Tx height (htx) 2 meters
User Equipment height (hug) 2 meters
Transmitting antenna (Pt) 23 dBm
Transmit Antenna Gain (Gt) 2.4 dBi
Receive Antenna Gain (Gr) 2.4 dBi

Urban distance

10 — 60 meters

Suburban distance

60 — 460 meters

Rural distance

200 — 1000 meters

Payload size

200 Byte
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4.2 Path Loss

H Y i
Path Loss ADN15aAN0UUDIT a1 NAA1INHANTAINIETTUIA 12 1RaTULe

g Q
9 H

ma%’uﬁ’aﬂmymszwinmﬂdmazmﬁuﬁuﬁizﬂzmqﬁgﬁnmﬂsﬁu Maransiiasauuyly
ARUAIINA 700 MHz 1A% 2,600 MHz Taen1ss1aeuuuiigduuunisdea1ssening
PIUNIMULLUDINANTENUIN Shadowing Effect 1INPIUMHULUALIWI0NAVI14 tag 1aid]
HAN3¥N1N Shadowing Effect Tuanminadeuiaauammnadey

421 mssaeamsdemssznnanumnulammnadeiliiios

ﬂ']i551@1’EN3$UULﬁ@LLﬁﬂQﬁQWWiTﬁMﬂ%ﬂW?ﬁﬂﬁTiigﬁ’ijﬂu‘WTﬁuz Path

A a 4%‘ Y =
loss Ntnavu luamnuaaen e

MIAATIEU UYL JuuY LOS
PL =32.4+21log,,(d)+20log,,(f) 4.1)
MIdeasTEuINeIuIvuE iy NLOS

PL =35.3l0g,,(d)+22.4+21.3l0g,, (f)—0.3(h,z —1.5) +(VL) (4.2)
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TN s 15 e, A
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100 F

Path Loss (dB)
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510 4.1 nIuaAInNUFURUTIZHI Path Loss N1 Distance

Y

Tuamwiadonluiiosn 700 MHz
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Umi street Canyon 2600MHz Urban

T T T

40 + —I1.08S |4
— % —Small
SUV
60 _
— & —Large
ii\\
\*‘\\*
o~ R0¢wu s 3
% \\'0~\ *x\*‘*~*~\
z i o b e, ot WL
S 100 S B 1
_1 S
b i T SO
&

120 | 4

140 .

160 .
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D (Distance between vehicles)

{ v o J ' @
3UN 42 AUEAINNUFUWNUTIL 1IN Path Loss N Distance

Tuaamuadonluiioan 2,600 MHz

4.2.2 ﬂ1§‘ﬁ1f§|®\1ﬂﬁa’ﬂE’nii%ﬂ’jNE]1‘I~!W1ﬂu%iuﬁﬂ]ﬂ!!ﬂﬂaﬂwlﬂu!ﬁﬂﬂ
ﬂ”li%OTﬁ’t’NS%UULﬁ@LLﬁ@NﬁQWTiTTJLﬁﬂ%ﬂTiﬁﬂﬁﬁSgﬁ’ijﬂuWTﬁu$ Path
A a é’ 9 =
loss Mnavu luanmuIndeum WD

MIAATILH UYL Uy LOS
PL =28+ 22log,,(d)+20log,,(f) (4.3)
MIdeasTEuIeIuWIvULE Iy NLOS

PL =13.54 +39.08l0g,,(d) + 2010g,, (f) —0.6(h ¢ —1.5) + (VL) (4.4)
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U
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4.2.3 msﬁmmmsﬁamssz‘nﬁnamwmuﬂuamwumé’auwuuw
o 4 a I'4 4 [
ﬂ'lﬁ‘ﬂTﬁfN3Z‘]J‘U!.ﬁ’é]L!ﬁﬂﬂﬁﬂWTﬁTulﬁﬂﬁﬂTﬁaﬂﬁTﬁ33‘1’?'3']\1811!1/‘”1’7143 Path

Aa X Y
loss mﬂmluﬁluﬁmwumaamumn

M3FeassEn eI JUUUY LOS
PL =28+22log,,(d)+20log,,(f) (4.5)

MIdoa1ssErHINeIUNIUe luyy NLOS

2

PL =161.94—7.1log,,(®) + 7.5log,, (h) —| 24.37-3.7 hTL Ioglo(hTX)
x (4.6)

+(43.42-3.1(h;, ))(log,, (d)—3)+20log,, ( f)-0.6(h,e )+ (VL)

METIS UMa 700MHz Rural
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e
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e iy AL
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METIS UMa 2600MHz Rural
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5UM 4.6 n3wlueaInUdUWUF 2114 Path Loss AU Distance
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131N 4.1 nag 4.2 Junsmluaainudun 5321919 Path loss N Distance
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Tuanimuaadenluiieanszozieszranaeuminuzogn 10-60 twasi uilulda
o ~ P =
puuiaeeluguuuved LOS taz NLOS awaumsh 1 udaadedn1un1soin 1% Shadowing
{ PR 1
Effect @un137 2 u@A09@01un1saiNil Shadowing Effect Iuitaazdszinnvoserumiviug
v 1 9
Tagieuse1I19AIUD 700 MHz 118 2,600 MHz 15UNTL82H14 10 1005 n51NNIadoala
Path loss 087 50.3 dB U@ 61.7 dB AW 181
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Distance Tuan madoumuiloaNszoz H19T2HIOUNIULOEN 60460 AN Fuilulll
o d' =3 a’d‘ A
auuuiiaesluguuuaes LOS wag NLOS mwann1si 3 udasdsaniunisoli lall
v & H [
Shadowing Effect a1n157 4 L@AIDIADIUNITING Shadowing Effect luuaazdszinnves
gIUINKUE TaeeusE1I9AND 700 MHz tag 2,600 MHz
a I o ) 4 1 o
9110310 4500z 4.6 WunsWuaaInNudNRUTILNI19 Path loss A1
. v ~ ' ' A A 2 g
Distance TUEAMIIARDNFUUNNTZHZUINTZUINGIUNIULDGN 200-1000 AN Failu'l)
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{ o A '
Shadowing Effect @Un139 6 LA@AIDITDIUN1TAIN Shadowing Effect Tuuaazszianves
gUIKUE TaeNeUsE1I9AND 700 MHzZ 11ag 2,600 MHz
[ o o Y o o = [ Y a
NaI91NIMINaeuuy larhwanssasawuulTeuisununiindrads
a 4 % o < 1 4 1 1 A
U903 1@8I7 U 1PHANITTIAB LY 111 T2 8L H19TENNIUNIHULINLUIN

Y v Y
%1 ¥3010A Shadowing Effect 1119 Path Loss Hugaunaju

4.3 Received Power
Received Power 10 A111153U09AMn 1N dya1aunsy ldvesaiseninduves

[ % I a 4 a A {
ﬁ?ﬂfﬂfﬂﬂﬂ']ﬂi‘ll‘%ﬁ Received Power L‘ﬂlﬁ/\nﬁ"mW]@31J'§$ﬁ1/l‘ﬁﬂ"lWﬁLLﬁﬂ\iﬁﬁﬂ'J']iJllﬁ\i"Uﬂﬁ

aunmdgaruunigaiild liinamsdouaeuesn1sdoa13se nINeUN U dIMA7

[ v
=1

Tae i Rx Sensitivity flenuusevesdyanaiiamigaiannsoiy 1§ laadudinmiuinms
Fodrsszniamadanazniniuaz laiifa Connection Loss Tasluudazaiiudazil Rx
Sensitivity fiunna1eiuean 11 fi 700 MHz lag 2600 MHz 111 Rx Sensitivity 881-95.6 dBm
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Abstract. The inflation of private vehicle usage in the past decade has led to
increasing in road accident rate. V2X Communication was introduced in hope
to lower the risk for daily commuters by using 5G Ultra-low latency frequency
to communicate between vehicles. However, an obstacle still occurs in the
current state resulting in Shadowing Effect which interferes with the signal
received, and thus reduce the system performance. In addition, shadowing effect
of small vehicle type is the lowest impact on communication between
transmitting vehicle and receiving vehicle. This paper indicates how Path loss
and Shadowing effect in term of received power on 5G communication in
different environments.

Keywords: V2V, Path loss, Shadowing, Vehicle obstructions, Receiver power.

1. Introduction

Vehicle-to-vehicle (V2V) Communication is the famous technology. Due to the increasing in
vehicles, vehicle-to-vehicle (V2V) Communication technology is used to communicate
between vehicles, as well as to reduce accidents and provide road safety. The technology that
was used with V2V Communication in the early stages was the IEEE 802.11p standard, with
features that were able to support a variety of connections, that still the first technology
according to [1]. And has developed LTE-V built for vehicles according to [2,3]. Later being
presented as 5G Ultra-low latency communication (URLLC) technology that brings
communication to the next level with communication at 1 ms latency and transmission of data
has less faults, resulting in high reliability of data transmission according to [4,5]. Normally,
V2V communication was usually nothing obstructed which in most cases will not cause
problems in communication. Performances dropped sharply between vehicles obstacle
communication according to [6] this case is shadowing.

Shadowing effect caused by having objects blocking or covering between communication.
Result affects at receiver sector according to [7,8]. Receiver performances indicated as RSSI
and Path loss. BER and PER are dropped depends on both parameters.

Each year, in traffic accidents, thousands of people were killed or injured. This issue can
be solved using vehicular communication and V2V has been continuously developed which
will be able to reduce the risk of accidents very well. V2V communications enhance by Ultra-
low latency and Ultra-reliable technology. 3GPP working group proposed the development of

90




58

some functionalities for providing the enhancements of the traditional communication
standards for both Vehicle-to-Vehicle (V2V) and Vehicle-to-Network (V2N) communications,
starting with the 3GPP Release-16 Study Item (SI) on NR-V2X according to [9].

This paper presents the study of path loss and shadowing effect on 5G Ultra-low latency at
700MHz and 2600MHz band. Our results represent the communication path loss with and
without shadowing situation and receiver power in different three environments.

2. Simulation Models

This paper, used 700MHz and 2600Mhz carrier frequency. Transmit power is indicated at 16
dBm. Both transmission and reception antenna gain are equal dBm for LOS and NLOS
pathloss measuring. An environment set urban suburban and rural digest by distance 10 to 60
meters 60 to 460 meters and 200 to 1000 meters respectively. In LOS scenario is simulated

assuming without obstacle vehicle Tx to vehicle Rx in three environments according to
[10,11].

Without shadowing

Tx

Rx

With shadowing
Tx Rx

Figure 1. System infrastructure

Table 1. Vehicles path loss (VL).

Vehicle Types Path loss (dB)
Small 2-8
SUv 8-10
Large or Truck 15-20

Table 2. Simulation parameters.

Parameters Value
Frequency 700 MHz
Hbs 10 m
Hue 2m
Pt 16 dBm
Gt 2.4 dBm
Gr 2.4 dBm
Urban distance 10— 60 m
Suburban distance 60 — 460 m
Rural distance 200 = 1000 m

2.1. Urban

This scenario represents the city with distance between vehicles closing to each other.
(distance between Vehicles 10-60 m)

LOS scenario presents as follow;

PL=324+21log,,(d)+20log,,(f) (1)
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NLOS scenario introduces as follow;

PL =353log,,(d)+22.4+213log,,(f)—0.3(h,, —1.5)+(VL) )
2.2, Suburban

This scenario, represents the situation is far away from city and less traffic (distance
between Vehicles 60-460 m)

LOS scenario presents as follow;

PL=28+22log,,(d)+20log,,()

NLOS scenario introduces as follow;

PL =13.54+39.08log,(d) + 20log, (/) —0.6(h,, —1.5)+ (VL)

“4)
2.3. Rural
This scenario, represents the rural or high way are clearly road situation. Vehicles are far
to each other (distance between Vehicles 200-1000 m)
LOS scenario presents as follow;

PL=28+22log,,(d)+20log,,(f)

3)

(5)
NLOS scenario introduces as follow;
2
PL=161.94-17.1log ,(w) +7A510gm(h){24,3737[hi} ]logm(hm)
BS
+(43.42-3.1(hys ) ) (logy, (d)—3)+20l0g, (1)~ 0.6 (A )+ (VL) ©)

Where @is 20 m and h is 20 m

2.4. Verify simulation
The results obtained are compared with the equations and reference graphs at 28 GHz
frequency according to [12]. Thus, switched to 700 MHz and 2600 MHz frequencies.

3. Results
3.1. Path loss at 700MHz and 2600M Hz

In Figure 2, Figure 3, and Figure 4 the red line presents LOS path loss of 700MHz and
2600MHz. Both frequency in Urban LOS environment at distance 10 meters is the greatest
point of path loss and 60 meters is the weakness point of path loss at 50.3, 61.7 dB and 66.64,
78.04 dB respectively. Other lines show shadowing effect are obstacle between vehicle-to-
vehicle (NLOS) in different vehicle types and different environment. Such as urban, suburban
and rural Figure 2, Figure 3, and Figure 4 Small vehicles show the least path loss and large
vehicle shows the most path loss according to [13]. When the distance between vehicle-to-
vehicle increases, path loss also increases. Significant effects of path loss increase in terms
system reliability such as SNR. As results, high path loss introduces low system performance.
Thus, the chance of error message dissemination increases.

3.2. Receiver power at 700MHz and 2600MHz

Receiver power is maximum power to guarantee that the connection between vehicles will
not fail by measuring the receiver power. Limit of sensitivity of 700MHz and 2600MHz are -
95.6 dBm and -113 dBm respectively according to [14].

Pr=Pt+Gt+Gr—(PL+VL) o

92




60

Umisree Cans

Figure 2. Path loss in urban

s T Soburbn UM J600M s Subarban

Figure 3. Path loss in suburban.

SETIS Ubts THHe e METES U 26000118 Rural

Figure 4. Path loss in rural.

For Figure 5, Figure 6, and Figure 7 shows receiver power in various vehicles types and
different three environments. The black line presents the receiver sensitivity. Power received
should below receiver sensitivity line to prevent connection loss. Results in three different
environments without shadowing situation present receiver sensitivity, the receiving vehicle
can receive transmission message for all vehicles types and environments. With shadowing
effect, in suburban and rural environments receiving message cannot occur in SUV and Large
vehicles obstacle

Figure 5. Receiver power in urban.
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UM OB Suburtan - M 26000 Subran
—os

Figure 6. Receiver power in suburban.

METIS UV 08z Rursl. METIS Uta 600N M Rural

Figure 7. Receiver power in rural.

Conclusion

This paper presents the Study of Path Loss and Shadowing effect in Vehicular Communication
using 5G technology with and without shadowing. Shadowing effect presents in terms of path
loss. As results, propagation loss and receiver power performances dropped sharply according
to vehicle size in different three environments. Shadowing effect causes V2V communication
error or message reception failure. This work introduces the significance of shadowing effect
on 5G V2X communication. Then, the solution of shadowing effect in 5G ultra low latency
frequency band will determined in the future work.
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Abstract— The increasing of private vehicles in a
past decade indicates an increment of road accident
rate. V2V communication is occurred with reducing of
commuters risk on the road. However, vehicle
obstructions along the road environments introduce
hadowing effect. C: 1 ly, system performance in
receiver side are reduced in terms of received signal
strength. As a result, the reduction of received power
caused the effect to PER and other performance
parameters. Then, this paper introduces the study of
path loss and shadowing effect with 5GNR
communication technology. Performance parameters
are investigated in different environments.

Keywords—V2V, Path loss, Shadowing, Vehicle
Obstruction, Receiver power.

I. INTRODUCTION

Vehicle-to-Vehicle (V2V) Communication is a
famous technology due to the increase of vehicles.
V2V communication technology is used to
communicate between vehicles, as well as to
reduce accidents and provide road safety. In the first
technology, the V2V communication is release as per
IEEE 802.11p standard, which can support more
connection of V2V communication [1]. After that, the
V2V communication has been developed as Long-
Term-Evolution-Vehicle (LTE-V) according to [2-3].
Recently, 5G New Radio (NR) technology represents
the next level of V2V communication. With the
advantage of new technology, it provides the extreme
throughput, edgeless connectivity, high reliability and
the most famous is 1 ms of end-to-end latency. In the
V2V communication is interested from many
researchers to propose the attractiveness of 5G
communication according to [4-5].

Normally, V2V communication was usually Line-
of-Sight (LOS) situation. That will not problems in
communication. However, while vehicles are
obstacles between communication in Non-Line-of-
Sight (NLOS) situation, causing performances
dropped  sharply  between  vehicles obstacle
communication according to [6]. This case is called
shadowing effect.

Shadowing effect caused by having objects
blocking or covering communication. The result
affects to receiver sector according to [7-8]. Receiver
performance is indicated from RSSI and path loss,

Settawit Poochaya
Telecommunication Engineering
Institute of Engineering
Suranaree University of Technology
Nakhon Ratchasima, Thailand
settawit@sut.ac.th

which BER and PER are dropped depends on both
parameters.

In each year, thousands of people were killed or
injured from the traffic accidents. This issue can be
solved using V2V communication, which can reduce
the risk of accidents very well. V2V communications
enhance by Ultra-low latency and Ultra-reliable
technology. 3GPP working group proposed the
development of some functionalities for providing the
enhancements of the traditional communication
standards for V2V communications and  Vehicle-to-
Network (V2N) communications, starting with the
3GPP Release-16 Study Item (SI) on NR-V2X
according to [9].

This paper presents the study of path loss and
shadowing effect on 5G at 700 MHz and 2600 MHz
frequency band. Simulation results represent the
communication performance such as path loss,
receiver power and PER with and without shadowing
effect situation in different three vehicle types and
different three environments.

II. SIMULATION MODELS

This paper used 700 MHz and 2600 Mhz carrier
frequency. Transmit power is indicated at 23 dBm.
The transmit gain antenna is equal to the receiver gain
antenna for LOS (Line-of-sight) and NLOS (Non-line-
of-sight) path loss measuring as per Table II.
Vehicular environments are configured as urban
suburban and rural according to distance between
vehicle 10 to 60 meters, 60 to 460 meters and 200
to 1000 meters, respectively. The LOS scenario is
simulated with assuming without obstacle vehicle
between transmitting and reception, and NLOS is
assumed as obstacle vehicle between transmitting and
reception with three environments and different three
vehicle types according to [10-11].

A. Urban

This scenario presents city environment with
distance between vehicles closing to each other.
(distance between vehicles 10-60 meters)

LOS scenario presents as follow

PL=32.4+21log,,(d)+20log,,(f) (1)




64

2021 International Electrical Engineering Congress (iIEECON2021)

March 10-12, 2021, Partaya, THAILAND

NLOS scenario introduces as follow

PL=353log,, (d)+224+213log,,(f) @
—0.3(hy ~1.5)+(VL)

B. Suburban

Low traffic density and distance between vehicle
60 - 460 meters are main environment of suburban
scenario.

LOS scenario presents as follow

PL=28+22log,,(d)+20log,,(f) (3)
NLOS scenario introduces as follow

PL=13.54+39.08log,, () + 20log,, ( /)

)
—0.6(hy,; —1.5)+(VL)

C. Rural

This scenario presents rural or high way with
clearly road situation. Vehicles are far to each other.
(distance between Vehicles 200 - 1000 meters)

LOS scenario presents as follow

PL=28+22log,,(d)+20log,,(f) (5)
NLOS scenario introduces as follow

PL:16].947'.".]log“,(a))+7.510gm(h)
~(24.37-3.7 (B )logm

)
+(43.42-3.1(hy, ))(log,o (d )
+20log,, (f)—0.6(hye )+ ( L) ()

Where @ is 3.5 meters and h is 2 meters

‘Without Shadowing
Tx Rx
With Shadowing

O - B - OB

Fig. 1. System infrastructure.

(Full Manuscript)
TABLEL VEHICLES LOSS
Vehicle Types Vehicle loss (dB)

Small 2-8
Suv 8-10
Large or Truck 15-20

TABLEIL SIMULATION PARAMETERS

[

Parameters Value
Frequmcey 700 MHz , 2600 MHz
Tx height (hyx) 2 meters
User Equipment height (hyg) 2 meters
Transmitting antenna (Pt) 23 dBm
Transmit Antenna Gain (Gt) 2.4 dBi

Receive Antenna Gain (Gr) 2.4 dBi

Urban distance 10 - 60 meters

60 — 460 meters

Suburban distance s
|jRuru1 distance 200 — 1000 meters

I1I. RESULTS

A. Path loss

Path loss presents the attenuation of the signal in
dB. In this paper, frequencies 700 MHz and 2600
MHz are used for simulation process, and vehicles are
classified into small, SUV and large in three
environments.

Vi et Canyen TN M Urkan Ui steet Camyon J8800Ha Lrban

[LELE

[T ere——— B (Ditaacs bewecs vehiees)

Fig. 2. Path loss in Urban at frequency left: 700 MHz and right:
2600 MHz
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Fig. 3. Path loss in Suburban at frequency left: 700 MHz and
right: 2600 MHz

METIS Uba 1060 R METIS UM 2600801k Barsh

oo e b 1D

Fig. 4. Path loss in Rural at frequency left: 700 MHz and right:
2600 MHz

In Fig. 2, Fig. 3, and Fig. 4, the red line presents
LOS Path loss of 700 MHz and 2600 MHz. Both
carrier frequency in Urban LOS environment at
distance as 10 meters is the optimal point of Path loss
and 60 meters is the weakest point of Path loss at 50.3
dB, 61.7 dB, 66.64 dB and 78.04 dB, respectively.
Dotted lines show shadowing effects that are
obstructed by different vehicle types and different
environments. For example, urban, suburban and rural
are shown in Fig. 2, Fig. 3, and Fig 4. Small vehicles
show the least Path loss, and large vehicles show the
most path loss according to [13]. When the distance
between increases, path loss increases, SNR is the
significant parameter, Whereas, high path loss
introduces low system performance. Thus, the chance
of error message dissemination increases.

B. Receiver power
Received power sensitivity guarantee connection
loss between communication link. Referring to [14],

received sensitivity -95.6 dBm is configured for
700 MHz and -113 dBm for 2600 MHz

Ui stest Csayan WMy Ursn Ui strot Canyen 20N Urhsn

0 Disanee becween vebics) 1 1Ditance eowesn sehichs)

Fig. 5. Receiver power in Urban at frequency left: 700 MHz and
right: 2600 MHz

(Full Manuscript)

UM TN Subarben ) i USa 36000z Suburban

1 (itanee bernee sehices) D (itanee bmees ebices)

Fig. 6. Receiver power in Suburban at frequency left: 700 MHz
and right: 2600 MHz

METES Uba 700MHz Real METIS UMa 200l

1) (stsnce betnoes sehices) 1 (istance btwoen ebices)

Fig. 7. Receiver power in urban at frequency left: 700 MHz and
right: 2600 MHz

Fig. 5, Fig. 6, and Fig. 7 show receiver power
in various vehicles types and different three
environments. The black line shows the receiver
sensitivity. Power received should be higher than
receiver sensitivity line to prevent connection loss.
The dotted line shows receiver power with
shadowing effect in different three vehicle types. Fig.
5 shows the results of 700 MHz and 2600 MHz in
urban environment that all useable while vehicles are
obstructed by three vehicle types. Fig. 6 shows the
result of Suburban environment. These showing at
700 MHz communications are obstructed by
three vehicle types. That can be used with
a distance up to 460 meters, 300 meters,
and 150 meters, respectively. At 2600 MHz can be
used with a distance up to 460 meters, 450 meters,
and 210 meters, respectively. Fig. 7 shows the
result of rural environment. These showing
at 700 MHz communications are obstructed by
three vehicle types. All of these are chanced to
connection loss. At 2600 MHz communication are
obstructed by a small vehicle. That can be used with
a distance up to 300 meters. Received power are
obstructed by other vehicle types. That cannot used
cause a chance of connection loss. Simulation results
indicating - shadowing effect occurred at received
power and error on data reception.

C. Packet Error Rate

For Fig. 8, Fig. 9, and Fig. 10 shows PER in
2600 Mhz with and without Shadowing effect
situation in various vehicles types and different three
environments. From the graph it shows the large
vehicle obstruction between V2V communications
that highest chance of sending error in PER. In urban
environment, large vehicle SUV and small vehicle
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