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TAWEEP SRICHALEE : COMPARISON OF APPROPRIATE VEHICULAR
COMMUNICATION TECHNOLOGY FOR V2X IN THAILAND. THESIS

ADVISOR : ASST. PROF. SETTAWIT POOCHAYA, Ph.D., 76 PP.
VEHICULAR COMMUNICATION TECHNOLOGY / SGNRV2X

Today, the technology of vehicular communication is a famous technology.
This technology increases vehicle efficiency and road safety. IEEE 802.11p and LTE-
V are introduced for more vehicle safety. IEE802.11p and LTE-V standards were
presented by researchers as a tool for enhancing the safety of the vehicle on the road.
3GPP introduces a new technology (SGNR V2X) for new services supporting for
autonomous vehicle. This technology allows for low latency values and more reliability.
However, in Thailand is not clear which technology is suitable.

This research focus on the comparison of vehicular communication in
differences of three technologies IEEE 802.11p, LTE-V and SGNR. The vehicular
communication performance was compared with Packet Error Rate and SNR, Packet
Error Rate with distance and Bit Error Rate and SNR for all three technologies.
Simulation processes are created according to communication environment such as
Gain, Delay and Doppler according to standard guideline and NBTC frequency
spectrum.

Simulation results show that 5GNR technology is the best technology
considering by Packet Error Rate and SNR, but considering Packet Error Rate and
distance. LTE-V has a longer communication distance than SGNR because SGNR has
a frequency higher than LTE-V according to the NBTC auction in Thailand. However,

according to the Basic safety message (BSM) SGNR still has the best performance due



to the lowest latency and the most reliable. Finally, 5SGNR is the most suitable

technology for vehicular communication in Thailand.
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Guard Period 0.8 us 1.6 us
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YoIM300nDUIMA 11 Ta8 SGNR Al Subframe 1Huveednos Mslsulyandiagdnilsynms

Q

=

& ga P 4 v , < A
Wu\‘lﬂﬂﬂjﬂi\?ﬁ‘iW\iLWﬁNiu S5GNR 4 9215¢noUn28 14 OFDM AV HIda0n LWoan
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v [
AINH U SGNR HUY Mini-Slot Lﬁam%’ayjaiﬂﬂi%’ﬁmaﬂym OFDM (184 2, 4 50 7[17]

g

Tuz1 2.8 taAIBaIMIIHANYBINITTOAITTEUINGIUNIN UL 1AaZA1T190 2.3 AR

msfseumneuluuaazina Tulas

a1519Nn 2.3 Msfseuneuluuaazing Tulag

Feature 802.11p LTE-V Rel-14 5GNR Rel-16
Published 2010 2016 2019
10,20,40,60,80, 100
Channel size 10,20 MHz 10,20 MHz
MHz
channel coding Convolutional Turbo LDPC
SC-FDMA and
Waveform OFDM CP-OFDM
OFDMA
Latency 100 ms 50 ms 1 ms
bitrate 3-27 Mbps ~ 41 Mbps PC5 ~60 Mbps

Coverage distance

@ 90% error

< 1 Kilometer

~1 n1awas direct

v
mode HLAZNINNIN

~2 nlawas direct

v
mode DT NIININ

Y 4 Y 4
pIglyagand AIglragas
3095 UA 180 1MA 3095 U180 1MA
MIMO support No
2Rx , 2Tx 8Rx , 8Tx
Modulation support Up to 64 QAM Up to 64 QAM Up to 256 QAM

High mobility

support

<=500 Km/h @283

Y 9
(R

AAAITUY

<=500 Km/h @283

Yy 9
v W

ARV

<=500 Km/h @283

Yy 9
v

ARV




13

S

2008/12 2018/06

LTE LTE-D2D LTE-V2X 5G PHASE1 5G NR-V2X

The standard is developed LTE V2N (Uu) Direct communication (PC5) 5G NR V2N (Uu) 5G NR URLLC
by the 3GPP LTE is the LTE Vav/vai

upgrade path for carriers - Established foundation for - Higher bandwidth
with both GSM UMTS and Vehicular communication - Improve range and - Higher throughput
CDMA networks Reliability - Wideband range and

Direcommunication
Vav/v2l

- lower latency
position - Higher reliabity
LW BN W BN

JUN 2.8 MINAIVOINITTOAITTLHINOUN UL

a ) aa g
2.3 NYHHYUATHANNIININY IV
2.3.1 Bit Error Rate (BER) Hag Packet Error Rate (PER)
A A o Yy Y o 9 I L&’ ) [
LW?JVI%%’JﬂNﬁGLWNﬂ'J']NQﬂﬂEN BER%zgﬂumﬂmamﬂuwugmmmu
a ] I A Y A a ~ I Y
maﬂwmuwa [18] f]fﬂ\iuliﬂ@ﬂll ﬂ']ﬁﬁ@ﬁ?‘iﬂ'Jﬂﬂau')‘ﬂq%%llﬂ’)TJJlﬂuﬁWﬂﬁsluﬂ'luﬂTi

o J

9
Usziliuma a1 PER Segniiunldlunmsianadae Taumsanudunusaail

Packet, —Packet,,
Packet,,

PER = x100% 2.1

1

BER =1—(1—PER)a (2.2)

Lﬁ"ﬁ’) L o GUll'lﬂGUfNGlgll'E)lJ”ﬁ
BER flo onstwessauiafinaiunnuianaiades i
ﬁgﬂdqmﬁwm
PER ﬁ@ 5@51“1]'8’]\‘1%(7']1'!'JHLLWﬂlfd]%ﬁﬂ1ﬂ§’U ﬂ')'liJaﬂWﬁ'lﬂ@if]ﬁ1u’)u!lWﬂLﬁi]
ﬁgﬂdqmﬁwm
2.3.2  Orthogonal Frequency Division Multiplexing (OFDM)
NN UVIUVD (Terry, John, and Juha Heiskala. OFDM Wireless LANs: A
Theoretical and Practical Guide. Sams publishing, 2002) &l ‘58‘143'1 Orthogonal Frequency Division

I @ A 2 1
Multiplex 111311 U¥DI Multiple Carrier Modulation @38 THuNINIANANURUIUUYD
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v
(3 =

' @ A o I v
aavvzdesazMsTouidyy e iegaany OFDM ithuma TuTagmaihsvalu

9 L

G
Z = o Y [ Yy ' A a A a (% o A &
FUMen I Bz Iiamnsasessunnug ldunnneauingluanudmedny asgln 2.9 &
o ' 4 { X g 4 ! o o
Tagna11udm oFbM gnldeglunauariud 2.4 GHz Fuiluaduanuduasgiudimiy
11A591U 195010 IEEE 802.11
CP-OFDM M3 v0iuAa18iy OFDM 924 Cyclic Prefix 11141111 e CP-
=1 9 1 . I A A 1 ~ A 9
OFDM 1iM5131 52821119009 Subcarrier #111391i39071 Numerology Tunsai#i LTE lénsuen
[ 4 { <
FUUAFETAIN 15 kHz CP-OFDM a1113914 15 kHz, 30 kHz, 60 kHz t1ag 120 kHz 11Judy Cp-
OFDM 33 1 a5 UABMTTUAIUYBY Interference Laz Multipath 148 3 Inseaanans
19319 2.10
) A < ] < &
OFDM ttaz OFDMA aziendoyanadieanuunanavina@nyialoya tno
9 9 [~} v ad tdy @ 1 ] o I @
dadYyavUIAaNA2875918 9 UBNIINT OFDMA dauiiagedyyraeeniunistnass
~ g Aa ' . T o 1 o Yy 3 < <3
ANUDVUIAANNITINIT subcarriers MILUIFOITYQIUTDIZIN AUAANAVINAEN AW5D
@ 9 ax A AA 1 ) dy 1 A < a A
samsnawdela JBmsdemsNaanguuaznszaredatisiomiuanuiuazlszansam

A [] = = A Y o A a A Aa 1 o
VOUATOVUIY B OFDMA %311ﬂﬁmGﬂalﬁlﬁ/liWEﬂﬂi‘l/lilﬂi%ﬁ"l/l‘ﬁﬂWW‘Vlﬂﬂ’Nﬂﬂgﬂ 2.11

Carrier 1 Carrier n

Sidebands from
other carriers cancel
on carrier n
frequency

CP |- - |

FFT output
(usually 2" samples)

= Ll

517 2.10 Tnseas1e CP-OFDM
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~— Subcarriers —m -— Subcarriers —a

[ BOgAE ——
- (o Foquily ——e=

OFDM OFDMA
-Usl!r'- fu:uur? -l,,I:;r:rE

319 2.11 ANUAWANTENI19 OFDM 1) OFDMA

Tuniiade Ldi'i 84 (Single Carrier FDMA for Uplink Wireless Transmission, H.G.
Myung et.al IEEE Vehicular Technology Magazinem, September 2006, pp.30-38) SC FDMA
CRITDRIE Single-Carrier Frequency Division Multiple Access 119 3GPP «T?uﬂumiaﬂmu@uaﬁ'm
VIATIIUVDITSUY 24U #ul¥ OFDMA (Orthogonal Frequency Division Multiple Access) flllu
iWududennizuIums Multiple Access OFDM ddoyalunany Carrier ln¥ou  fu uaag
Carrier Tag'ln 21 3512350151800 Carrier 1931 Orthogonal 1 1¥iRAAUNUNILGE

L4 1 A

Au luauYTalveI¥eIn1enIsTed1s Nuaazdiuanudlnanouduod lumuiounu

' '
A A o w =1

< H o v 2 '
OFDMA nildioidend1anun 9 asaiimsNue (Envelope) Yoddaaidanu iinsnsgiivoy

g

'
2 1 =S o

] H v
unnietfsunuaunaevestiaaneasly Wufe OFDMA 11 Peak to Average Power Ratio
R : o d
(PAPR) N4 s Ivtinaifayrinluniseaniiuy Power Amplifier in312 PAPR g3 Ha1eDan1sa
Y . A A @ a ds’ A a 1 .
@04111 Power Amplifier 1110 9 1WA UNITIAAAIMINEUNF8AI1 Intermodulation
. . Y o a 7 &£ & @ A an
Distortion 114 3GPP a1 e 1o OFDMA 8n1195 35U ¥99zanilyyn1veds PAPR Ao 35013
< { g §
36019 multicarrier 1 na1e1ilu OFDMA Al vy Single-Carrier Tasliaen Single-Carrier
v
v 1 a 1 9 Id a
FDMA %358 SC-FDMA uaa8u41194a31 52101 SC-FDMA W uuuy Single-carrier 934 9
Y a Y o I 3 . & A o ~ '
N 12uN3a 21U U Multi-Carrier Tug1uuu#ile SC-FDMA IHanN15NANA19910
=1 [ ~ T 9 ~ 1 . Y @
OFDMA tfigauad1 unuivgdsdoyanogluvate Carrier lwiow 9 /i uuuvwIY (Parallel)
< § I 1 i v < . o '
milou OFDMA nulaswiudadoyaluvate Carrier 1 1flunisoynsu (Serial) unu #a3la

2.12
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SC-FDMA

+—12x15K=180KHz J Frequency

o e 15K
—_—
12x15K=180KHz
Multiple Subcarriers Single Carrier
Resource Block Resource Block

JU7M 2.12 AWA1ANIZHI19 OFDMA 1) SC-FDMA

2.3.3 Signal to Noise Ratio (SNR)

. . . 3 ' o A ° Y, A P
Signal to Noise Ratio (SNR) nJuwuaﬂ’mmgﬂumﬂﬂumnmmmﬁmmaz
a P = [ [ 4!' 9 Y [ [ dy [
’Jﬁlﬂiillﬁ1ﬁ¢]i1/ﬂlﬁiEJ‘ULﬂﬂﬂi$@ﬂﬂ]®ﬂﬁmuﬂju1ﬂ!ﬂﬂﬂﬂﬂ'liﬂ‘]JiZﬂ‘U"lJE]\‘iﬁﬂluq‘ﬂmi“lJﬂ’J“L!l‘U’EJ“H‘Hﬁ\?
. o I @ 1 o o o 1 4 @
(background noise) [20] SNR gninualiiiluoasidiuvesiasdyauaosuniuiounas

[ 1 % @ I a 1 o

(background noise) ﬂ\iﬁ'i]ﬂ']i“ﬁ 2.3 c’fimmmmgﬂmmma IﬂEJEQMLLZ%}’J?]TI'IWQ‘II@Q“B@Q@'EIJUQUHW

A o ' o 1w 1 ' 4 A
HUUAIsLAZERTIEIUd YR MR T YU UNIUAIMTHAADANYGIgAYDITOITO A 89 11
1 éy; 9 g I 9 o ) ddy ] g’z
mmumiﬂuwumﬂumm Claude Shannon LLﬁ%LGII"Iﬁ'ﬁNﬂ?ﬂi]ﬁllwu‘ﬁucluclﬂﬂﬁ\iﬂﬁnﬂaﬂﬂﬁﬂ
A ad a o a 4 v Aa v Aa ARl =1 o [
IGRN “lummmmﬂm@uﬂmmzmmmﬁﬁﬂuﬁ% HUIAINTUAZUNINYIFATATANNULTINUUIN

4 4
ﬂg]mmu%uu@uvﬁi@muﬁummmuu@u B AHIGE

P
SNR = = (2.3)
noise
Tasii P, fe Mdsvesdayaia
signal Y bAd]
P 09 maswesdyanasuniuiga@erny

2.3.4 Noise Figure

1 [

Noise Figure (F) D N158AN0UAMAINYDIOATIAIUVOIdYRIUAD TRy 10

g 9 9

[ X a t4 [
3UNIU (Signal-to-noise ratio) ﬁ]1ﬂWﬁ"ll’é)\‘lﬁiyi}lﬂﬂ!3‘]Jﬂ’)ué]?\‘l!ﬂﬂmﬂ@.ﬂﬂim"llm&lﬁﬂlﬂﬂm qauNII

e

Y
o

= Yo A
e laaall
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F=—>-0 (2.4)

[

SNR, Ao maswesdaanavudiaemasdayaiasuniuun

(2

Ao MDA Y IUVIDNADMAITYYIUTUNIUVIDDN

2.3.5 V2V Channel model
Tuarudveises [21] Intelligent Transport Systems (ITS) “ITS-G5 Access Layer
Specification for Intelligent Transport Systems Operating in The 5 GHz Frequency Band v1.3.0”,
] Y H
2019 1AANY1 Channel Model §1115UMIADAITTLHINOIUNINUL NTANBINIHNANSINY
RMS Doppler 112 Delay Spread tag lae3 19151900 @n1niIndoand1d 9 a1 RMS Delay tag
Y 1 Y 1
Doppler Spread 910 WU A 11 WA Multipath Taps U VA9 9 Nudasdaatvarvy dalail
annadoua q ezl 2.13 dszneulilae
WUNYHUN LOS
ddy I 9y @ A A g A A J 9 =
asalililuaaminadenveserumivue 2 Au Alnundalasnde 1l
Fenoas 11T aanavIe 1@Na V2V Channel Model 1ua1519% 2.4
A g A
nufluiies LOS
= A I v A~ @ A A v
asalvuauuludsutuannadoun N UNIHUL 2 AL QD UNUIN
[ A I k) A dy Ad =< o Y [ A A 9 o I
i iesnniugnmnnadounununanvetiaed IeumIvue 2 Ay maounivinu 1ty
Y] A A 9 . § A aA 9
An1NuIAdeNNUN15@2 NoUILay Multipath Fading tHes1nliaenaasie 1vs1es uag
v 9 ] ]
NUNH U NLEOAINAANNURYULN TANA V2V Channel Model 113199 2.5
A A '
NUNVUNIIAIU LOS
ddy I A o ~ A ~ 1Y) A
TunsaIumMsToaIs VoI UININUE 2 AU MAOUNAIUAULUDUUNT
1 ] = < o ' 4 1Y ¥ { ~
11NN 2 F03 U529 19 doppler shift Iaga enfSoudisunuiui 2 nyaidredu

Téwa V2V Channel Model lus13199 2.6



Rural LOS
— (] ]
Urban Approaching LOS
I
I
|
___________ oLl
| |
Highway LOS
CI—>» =]

A~ Y 4 1
:.]i‘ﬂ‘ﬂ 2.13 ’ﬁ,ﬂWWLlﬂﬂaﬂMﬂ15t’§f@ﬁ1i’i$1’T’)N81MW1TTH$
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Tua135199 2.4, 2.5 uag 2.6 1HuA151999U9AH4 Power Delay Doppler 11tidaz

anwaaaon wagluuaag Tab 9253AU03 Power Delay Doppler [WDLHUBNDIANINLIARDN

H Y H
AN 9 I@EJﬁﬂWWLL’Jﬂﬁ}E)SJMlT‘iuVINﬂ1iﬁﬂﬂulﬂﬂ YU ﬁﬂ ﬁmwu*mé’auuun Delay nu1H Uae

Y A < S 1 2 o w I
ﬁﬂTWllj@af)i]llwuvl1]?]31“[5361]@\38111W1Wu$1nﬂ ZUAT Doppler UIHVUAIUAIAU L‘]Jull'l]ﬁ']ll

amwumﬁ'@ummgmmm Intelligent Transport Systems (ITS)

A1319N 2.4 Power Delay Doppler VOIANMWIARDULUULFULN

Tapl Tap2 Tap3 Units
Power 0 -14 -17 dB
Delay 0 83 183 ns
Doppler 0 492 -295 Hz
Profile Static HalfBT HalfBT
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Tapl Tap2 Tap3 Tap4 Units
Power 0 -8 -10 -15 dB
Delay 0 117 183 333 ns
Doppler 0 236 -157 492 Hz
Profile Static HalfBT HalfBT HalfBT
A1519% 2.6 Power Delay Doppler U898 NLIARDULULINIIAIY
Tapl Tap2 Tap3 Tap4 Units
Power 0 -10 -15 -20 dB
Delay 0 100 167 500 ns
Doppler 0 689 -492 886 Hz
Profile Static HalfBT HalfBT HalfBT
2.3.6 Doppler Spectra

luaruiveveg [22] M. Kahn. (399 “V2V Radio Channel Models,” IEEE 802.11-
YR = o T 9 o w ~ <3 ) [
14/025910, Feb. 2014 1afns1tAe1ny A3 14a1%1 (Delay) ttazfaanasvesunt d1usy
A 1 = d d v Y A .
NITEDFITISUINNYTIUN IV U GINL‘]JLlﬁ\‘lﬂ“]fu“ll'ﬁ]ﬂﬁﬂ’lW!nﬂa@iJslu“Um$ﬂ Doppler Frequenmes
@ g Ao 3 ' = Y v
ﬁWﬂJWii‘lﬂi'ﬂ"Ulﬂﬂﬁ13Jﬂ')'li]li'J‘ﬂﬂTViuﬂLﬂuﬁ?uﬁuﬁﬂ]ﬂﬂﬁﬂ’lwuﬂﬂaﬂn [22] t519199N1T

[ [ g} I @ 4
anasNuVUOANNIATAIUY Doppler Spectra 199N 521J11 1 Half-Bath Tub A1d0NdU 9

=

Sl Classic Bathtub #3317 2.14

v
(% =

0 w ' dyd o Y a A
AAANBAUENIAYYDI Doppler Spectra a1t lvitnanNulasunlag
Y %

] v o w 1 ] Y < 1
@Eﬂ\‘]ﬁuﬂﬁ1ﬂiy@’0 Doppler@ﬂN‘ﬂ‘H“ﬁ ﬁﬂﬂﬂﬁ@\‘]ﬂ‘Uﬂ’JHJLi’JEU’ENGluLMﬁZﬁﬂ1WLL’JﬂéI@3J

' '
' v A AaAd A '

snA0e1ugu soaesnuidlndmenenfidanavsegine q dnvgdusadyaim 1yl

A uadyanazaztou Il lusousinnauae T
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A
Power Classic Bath Tub
A Asymmetric
e Uniform
Doppler
oppler frequency
<€ > Doppler fi

317 2.14 alnasu Doppler

237 9A1VENYVDIT1YDINA
a 4 ° J ' .. ..
1uﬂ153!ﬂ51$ﬁllﬁ$ﬂ1§%1ﬁﬂﬂNﬁ FuMIMsaIdIuvoInsa (Friis Transmission
I o v .
Equation) LﬂuﬁuﬂTigﬂﬁl%mluﬂ']'iﬁna’ﬂ\iWaﬂlﬂﬂﬂ@liTmﬂTﬂﬂJﬂﬁﬁWﬂ@TﬂTﬁ (Antenna Gain) [23] Iﬂﬂ

Y 1Y A Y o ~
ﬂgiﬁﬁﬂWﬂTﬂNaﬂ153ﬂVIﬂﬁ®U§$ﬂz‘V]’N‘Vllelﬂ ANTUNITIN 2.5

P 1Y
AN N 7 D 25
' t(4ﬂ'Rj @5

A o ' Y v =
Wwermsudasnuieg dB i]gllﬂ@]'lllﬂQﬁllﬂ'ﬁcﬂ 2.6

Pras =R +Gs +Gigs +20l0g (Lj (2.6)
47R

(3

o U Y4
Taeh MAUNNAYDINIANIAES (T09)

(3

o [ v 2
MANIUINTIIDINANIATU (IN$)

v
o)) SO))Y
(a0

~0
o]

DN 51VY1YVDIE 1Y INIANINTU

)}
o

DRI 1VEIYVBIT 1IN AN AL

FTILHINTTHINAWDINMANATILALAIUDINMANIATY (1NAT)

>~ T OO
)}
@ o

D 2D

A
AUYINAU (IUAT)
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2.3.8 RSSI

RSSI 130 Receive Signal Strength Indicator ADA1NUIVONDIANWLTIT Y104

9

v
a =

[ @ [ o ] I
vosdyaIuIngn 145y [24] Taosgauauussvesdayn1a Una01iy dBm (Decibel
Milliwatts) 819897 0 dBm 3¢TAUMINY 1 Milliwatt TagA1 RSSI vz sAunununsadyao

A1 RSSI AAmnuaasnninsvegIndnuniads asennsamiuia ldannaunisn 2.7

P
x=10log| —— 2.7
g(lmwj 2.7)
P =1mW x10% (2.8)

Taeh ® 52AUVUD RSSI (dBm)

o o

I99)

2 D

X
P Ao m

Lo

2.3.9 free-space path loss (FSPL)
1NUNAIINUDI (C.A. Balanis, "Antenna Theory", 2003, John Wiley and Sons
Inc.) o318 FSPL 13 1ie magapewdsnuvesaaussvieesonmaniadaiazniaiy Tag
Tufitnnefamafunmavesaanludnsaeduadon (Line-of-sight) U5 naIRauIeATY
i1 Tuauised 18192108 LTE-v 11611 700 MHz SGNR 111611 2600 Mhz 112z

IEEE802.11p 5.9 GHz Bagnsasiuia laninaunisi 2.9

(2.9)

FSPL(dB)zzolog(“”dfj

c

Tagn  d A9 528U INTEHINAYDINA (m)
f Ao ANWDVBINAY (Hz)

A 1 A < 8
C AD AANNVDINIIWLT LN (2.998%10" m/s)

2.3.10 Latency

AaAe W30 Latency A9 a1 lunisaeuauessenIemaaanunIAsy 3

' 1]
w [

o 4 o . % o < { 3
Farawesn14nunal1iFen1 Round-Trip-Time (RTT) s muaillunaiuianadoyainoy
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2 [

a J o g o ] I a aa
wuneandae ludasdiunazdoundundnass [26] Taena Tz linineiuiiadduii

1
= o % ]

(Millisecond) wansgnuidagasnads 1aun Anudeuasveuniotte s2ogn1 uaznw
@ Ia Jd I a o

nedaveduuuaIan (Hudu uazluauideves (Lee, Kwonjong, et al. "Latency of Cellular-

Based V2X: Perspectives on TTI-Proportional Latency and TTI-Independent Latency." IEEE

Ay 9o = A4 o 9 Y

Access 5 (2017) 1/]Ulﬂ‘ﬂ1ﬂ1iﬁﬂ‘HHﬂEJ’Jﬂ’]Jﬂ'ﬂlIG]’E]\‘lﬂWil’Jﬁ'l!LFh"ll’ENEJWHWWWH$1H§“]JLL‘UUﬂ1§1%

ANUAN 9 A3 215

1
y High Automation ;JI Low Automation R
o
Trajectory .
Alignment: !
| Rel-99.999% | Extended
g ; Sensor:
3 ! Rel-99%
E Extended Sensor: ; 2 i
& Rel -99% to 99.999% !
Latency -3 to 10ms ' Coaperative
- 1| Lane Merging Cooperative
S Cooperative |, S
Platooning: lange merging: |! Driving
o o/ El i
Rel -99.99% Rel-99.99% |! Platooning
' Laten 'l % s 4
3ms 10ms ) 25ms 100ms

717 2.15 anwdesmsanuurananlusaaznsldau
2.3.11 Basic Safety Message (BSM)
AIMTVIIUIVYUD Y [26] Svenson, Alrik L., Gordon Peredo, and Luca Delgrossi.
“Development of a Basic Safety Message for Tractor-Trailers for Vehicle-to-Vehicle
Communications.” 24th International Technical Conference on the Enhanced Safety of Vehicles

(ESV), Gothenburg, Sweden. 2015. la@nu1de1dy jilununisdedeariuvesnisdodis

seraneunvug Taeldudsmams il 2 Uszinn fe uuvilasaseuazuuylilasase

Yo A

= 9 Ao d o [ o A A Ao Y g’/ =\
wuvtasanafe vennunIudud M unsULY LW’(’)VIVI”IGLWEFU‘USUHUNFI’NN
' Y
Yasassundeavu Ysznev11d1e Message ID, Time, Latitude, Longitude, Heading, Elevation,
Y
Speed, Steering Wheel Angle, Brake System Status and Vehicle Size %’auﬁammﬁﬁmumﬂizmm
4 ()] < VoA vy oA A v
200 vl,‘]JG] Ulll@?J\‘Iﬂ'liﬂ'J'liJLi’JGluﬂ15ﬁ\11/1’§f\“|3JWﬂlmiﬂﬁ)\iﬂ15ﬂ’)'liJu1l,"]ffJi]'01uﬂ'liﬁﬁllﬁ%ﬂﬁl'muﬁj\‘l
A 9 ' v v 9 A o 3 A A
IMNUDY ’ﬁ'J‘L!LL“lJ‘]JUllIﬂﬁ@ﬂﬂﬂ!ﬂ‘LlfﬂiGl“]f\ﬂu‘VI@WU'JEJﬂ’JHJﬁZ@]’Jﬂ“]Jufﬂu‘WWWug !ﬂu’ﬁﬁ]ﬁ'ﬁ‘ﬂ

) 3 A ' o I Y
Glﬂﬁﬂﬁﬂ’ﬂwﬁ’l‘ﬂq\‘i U NIIAUUN ﬁ\‘lLWﬁQ L‘]Jlmu
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d

24 Tu@aqﬂni ™ Arada system LocoMate

d115V1UITeR0 ll‘ﬂ‘f!, (Sassi, Aymen, Yassin Elhillali, and Faiza Charfi. "Evaluating
Experimental Measurements of The IEEE 802.11 p Communication Using ARADA LocoMate
OBU Device Compared to The Theoretical Simulation Results." Wireless Personal
Communications 97.3 (2017) 18AnBuAeIRUQUN I8! Arada Locomate Fuilugunsaifisuses
1193911910 U.S. Department of Transportation (US DOT) uaziinis3seunuieiidenly
aUnsalil 3565018180019 Arada Locomate iferfunmisnadeudszansamueamisfuds
Fuagrusznieumnnue nlFlumsisedesalszaniamvesnisdeaisszning
1UNINUZ Arada LocoMate 1H1n151oudansov1ouuy 12 a1ouumaTuTad IEEE 802.11p
FEUINGUMIHULADIEHINGIUNINUE 2FI0UTMIauaNlasasiouazdoyaund 19
grumnuz gunsal Gps Tud Feaunsalfifugynsalhmedmvemnug 18 [26] aw
Misuduglnsaiazdedeyadumiedaderiion A2 wd 5.85 - 5.925 GHz s Wam gy
Basic Safety Message L@ ¢ Tuunaliuves ( Whalen, Eamon, et al. "Antenna placement
optimization for Vehicle-to-Vehicle communications." 2018 IEEE International Symposium on
Antennas and Propagation & USNC/URSI National Radio Science Meeting. IEEE, 2018.) JECR
FUYeINIAARIAIIMAIMETUINYE iz dHa Radiation Pattern M3AAAIANERIAS

vy luiaazamie aagali 2.16

Azimuth Plane Directivity (dB)
90
,

120 60

150

180

270

9
Eﬂﬁ 2.16 Radiation Pattern U83dN1TAAANTIDINIAVUITUNIN UL
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519 2.17 Tu@aqﬂﬂm’f Arada LocoMate

{ 4 oW a 4
517 2.18 HUAIMYBY LocoMate Wi BUMILFONADNUADUNUADS

Antenna
WLAN Ethernet
Chipset Port
Locomate
Power
GPS Device Ctniaciar
GPS RF Power
Antenna Supply

Ethernet
Cable

Host Computer

241 fgﬂ!ﬁﬁlﬁﬁﬂlﬁ)d Qﬂﬂiﬂi Arada system LocoMate

® MIPS processor running at 68§0MHz

® Flash - 16MB

® SDRAM - 64MB

® Gigabit Ethernet Interface

® Atheros AR5414 based WLAN Mini PCI

® Qutput power @ 23dBm

® [Integrated GPS device, with external RF antenna

24
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Bit error rate of 5GNR in Urban

T

—*—5GNR

10° .

BER
S
w

SNR (dB)

g 418 nswluaasnnuduiusing TuTas SGNR 51319 BER 7 SNR

Y
Tuanmuadsuuuyluiios

~ I @ @ 4 1 @
11n3U0 416 1dunsiduanand uduW U521 319 PER AUSNR 1y
) y .
anmuadenuuyluiios Fudluldamuuuudiaosluaisran 42 vounalulad sGNR
3 Y A A A
vzt 18791 0 15 dB 1A PER 047 0.044
~ I o R4 1 @ d'
131N 4.17 Wunsmuaainnudunissz1I19 PER AUT28NNMIA0A15
. I o 4 < 1 H
Tuannadeutiuuludies Fuiluldamuuusiassluaisen 42 aziu'ldnszeznia
¥IANIT 1,200 1005 A luTad SGNR Gu'ldausodearsou'la Tash 1,000 1wa55 PER
91101 0.84
~ I ] v J ~ 1 o
131N 4.18 WunsmudasnnuduwusinaTulad SGNR 551319 BER i

SNR luanminadeuuunludios vziin1di1 9 15 dB Tin1 BER g 2.81x10”



48

o F'% v
4.4 fn'i"fnﬁ9\1'§$‘]J‘]Jr11r!ﬁﬂ1W!!3ﬂﬂﬂﬂJ!!UUﬂ1Qﬂ3u
o U dy I o A = o v d
msraesszuuluaivilazitlunssiassssuumeassuneun NN UFA1 PER
11 SNR, 1 PER AUT£82N149 11azA1 BER /1 SNR luudazimaluladluaaimadenuyuy
v 9 [
19821 TagNAa1MIs 1300051100981 TIUNIT1809VUNITTOAITILHINEIUNIH UL

Gluﬁmwumﬁ’ammumwhu Llﬁﬂ\i]lﬁ}ﬁ\‘]ﬁ”li"lﬂ‘ﬁ 4.3

i Yy i1
A1519% 4.3 memw1'5mma§zﬁmﬁ’u1umifﬁmmgmumiﬁamﬁzmnmuwmuz

Gluamwumﬁ’ammumwhu

Parameter 802.11P LTE-V 5GNRV2X
Carrier 156.25 kHz 15 kHz 60 kHz
Symbol duration 8 us 66.7 uS 16.7 uS
Cyclic prefix 1.6 us 4.69 us 1.17 us
P, 23 dBm
G, 3dB
G, 3dB
Noise Figure 9dB
Payload size 200 bytes
Modulation QPSK
Path Delays (ns) [0, 100, 167, 500]

Path Gains (dB) [0, -10, -15, -20]
Doppler Shift (Hz) [0, 689, -492, 886]




49

4.4.1 walulad IEEE 802.11p luammwiandesuuunieniu

Packet error rate of IEEE 802.11p in Highway

107"k

PER

g 419 aswluaasanuduiusing TuTlas IEEE 802.11p 531319 PER U SNR

TuamwiadouuuuNIIAIU

PER/Distange IEEE802.11p in Highway

—*—802.11p

1 1 1 1 1 1 1

10-2 L 1
200 400 600 800 1000 1200 1400 1600 1800 2000

D (distance in Meter)

A v v = 1 @
gﬂﬂ 420 s luaasnuaNNusina lulas SGNR 521319 PER NUSZEZNN

TuamwinadoutuunIIaIU



50

Bit error rate of IEEE 802.11p in Highway

—*—802.11p

10°

SNR (dB)

g 421 nswluaasanuduiiusing TuTad SGNR 51319 BER 7 SNR

TuamwinadouuuuNIIAIU

~ 3 [ o 4 1 [
ingda 419 1WuasiuaainuduWUEI£% 319 PER AUSNR 1u
Y 1 2 & o A =] Y1 A =
aanadouuuunaaInaduilu ldawuuusasaluaisah 4.3 azmiu'ldin 7 15 dB fim
PER 81 0.159
A I o v 7 [ o A
910317 4.20 JunsmuanInNudNRUEIEHI19 PER AUS82N1NNIT0S
1 % I ) { 3 1 1

Tuaamuiadeuuuuneady Fuilu llawwoviiaesluaisian 4.3 szmiuldannszeznia
WA 600 a3 1A T11ad IEEE 802.11p (33 lienunsodeansnu'la e 1,000 a3l PER
Y 1

4

A IS @ = '
gl 421 WlunsiluaasanuduwusimaluTad IEEE 802.11p 521319

BER fUSNR Tuanimiadentuunisaiu agiwiuldi #i 15 dB fid1 BER og# 0.00010822



4.4.2

g 422 aswluaasanuduiusing Tulad LTE-V 591319 PER /1 SNR

malulag LTE-V luamuiiadosnuunmaan iy

o Packet error rate of LTE-V in Highway
10 * T T T

PER

102 ¢

SNR (dB)

TuamwiadouuuuNIIAIU

PER/Distance LTE-V in Highway

20

10° . : : : \ \
10 ]
o
w
o
102 ]
10-3 I I | I I I I

200

400

600

800

1000

1200

1400

1600 1800 2000

51

D (distance in Meter)

A v v = 1 @
gﬂﬂ 423 s mluaasnnuauiusina lulas LTE-V 524219 PER NU5SZ82N19

TuamwinadoutuunIIaIU



52

Bit error rate of LTE-V in Highway
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Abstract: Nowadays vehicular communication is a famous technology. This
technology increases the efficiency of vehicle and road safety. IEEE802.11p and
LTE-V are introduced for more vehicle safety. 3GPP defined a new technology
(5GNR V2X) for new service of communication between vehicles, in Thailand
is still not explicit in which technology is suitable. This work proposes a
comparison of V2V communication link performance in terms of PER and SNR
in various environments. Simulation processes are created according to
communication standards such as doppler shift, path delay and path gain. Our
results show that SGNR V2X is the most proper technology for the
communication link between vehicles in Thailand. SGNR V2X is the highest
performance according to PER.

Keywords: IEEE 802.11p, LTE-V, 5SGNRV2X, V2X.




69

CM-8

) 286 _ msusg

a a a = ﬂ' 1 4‘
msnrstmmzm1Jssammmmmmﬂiﬂaﬂmsaamiszmnmuwmusﬂmmzﬁu

.. i A v
amsumsaemssenhanummnglulszmalne

Comparison of appropriate Vehicular communication technology for V2X in Thailand

S o al < 2
i A30d uax IATHIIMY Hnn

‘munivniranssuInsmnnan iinendema Tuladqsus setawit@sut.ac.th

ol
Unaag
sb oo i @ e

naiutmaluTagmsdemssendnenmmuzidhumaTulagn
a a . rl ad il s a
fniemduediann suna TuTagtaunsomeminys=ansam
voan 13 1Foummuzuazyoi limsumauuouuiinng

__— ¢
Yavadsn Uy 11A351u IEES02.11p uaz LTE-V gnuinausliay
o au 4 4 a & - a - v
in3seioithuni ssifoniadmivnsminaimlaoaseveams 19
& a a 4 - o ' <
uniuz FalszdniamueanisfomsveanaTuTagaenarndiu
Tadefidrdayednasa 36ep IddimuamaTuladiulni (SGNR v2x)
dmiunsuimsgduuulmidiesesiumsfemssznineumnue
& o W - ] -
aalulszmalngdd bittanudanuiumaluladlamnzay u
da vy, o ; §
unanuiide ldinauemsnloudisuveamstemsszning
g muzludiuves PER uas SNR Tasduunanima TuTaduaz
amuuadesuane 1ao§1a03a1 gain, path delay tax doppler shift
s

ANANITNATBUNDI SGNR V2X Hudimmimnzaudmiums

Fomssznaenmmuzvuouuulszmeng
fdty: IEEE 802.11p, LTE-V, SGNR, V2X

Abstract

Nowadays vehicular communication is a famous technology. This
technology increases the efficiency of vehicle and road safety.
IEEES02.11p and LTE-V are introduced for more vehicle safety. 3GPP
defined a new technology (SGNR V2X) for new service of
communication between vehicles, in Thailand is still notexplicit in which
technology is suitable. This work proposes a comparison of V2V
communication link performance in terms of PER and SNR in various
environments. Simulation processes are created according to
communication standards such as doppler shift, path delay and path gain.
Our results show that SGNR V2X is the most proper technology for the
communication link between vehicles in Thailand. SGNR V2X is the
highest performance according to PER.
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1. unih
o 3 = O -
niuligifmauuiiesauuithidymdayinatueg
wue  Tuvaziiminenuvesssnmseunislan  (World  Health
Organization: WHO) lavhm3dsna nudiigdauda 1.35 dunudell
da Yo aa

P
NiimsdeiinnnguamquuanuiazAavuefidediatuding

< g :
ity Tull wa2se2 Uszmalneiilsznnsildsumansznunn

ve *

[y o L a da as
VAMANNTAGUADI 360,000 ATI 3 25,000 AUNITETIA Uszine e
=

aya aa & & - & o o o -
ey Ingangaiusudy 1| Tuedouazduduaui o vealan

v

=

1121 maluladmstemsszniemmmuzazanniaseili
; ’
adavesgiAmauazfideTinfind1amivanaald (3] IEEE 802.11p
I8vauesemnlul wr2sss wasdizvuuuaduiluiuy oFDM
aounlull wer 2559 3GPP Idinaue LTE-V2X Rel14 uaz1ull o
2562 TMinaue SGNR v2X 803 Tudimuss LTE-V2X uaz SGNR
2
wuldgmimumnnniaiedieragard V2X (Vehicle to Everything)
.o dq v - a & o o
gudstuuunldnuduienwdnsudmivniulasads  uaz
s i wira o o 3
wownawndu hilsanulaeasis (3] IEEES02.11p uaz LTE-V daaeq
5 sl ; s
maluTagidesnsmanuudanai(Latency) 100 Hadadui 4]
_ L 4 40 4 a . o o
SGNR uuiims oM mingedeuaz lumawridunn
A . 4 ,
wnanuilfinauenisiaswuumenSsumounai
uAnA19w04 3 A TuTad 1A IEEE 802.11p, LTE-V uaz SGNR lag
Tanfeuieudszansmuatomsszniomnus Tasl¥m
s .
SNR i1 PER @miuna 3malulad uas 3 aaumsaifiuandnaiy
4 s & ada 4 .
wemma TuTagniinnuninzan lumsfomssznianunmue

Tulszmealng
2. maluladmsaems

2.1 IEEE 802.11p

son | HTTP | 16081
Apphcavor -
e —
Tanspor | 10 | o i
Network ~16093  -securty

Logical link

Medium access

Physical

U0 1 TEEE 802.11p framework




70

CM-8

3. uum’mawmum‘m‘l

Rural LOS

Ui 4 misueanmumaal

nnad 2 gtiuumsdemarsn ez

Scenario Path Delays(ns) | Path Gains (dB) | Doppler Shift (Hz)
Rural LOS [0, 83, 183] [0,-14,-17) [0, 492, -295]
Utban
[0, 117, 183, 333] [0,-8,-10,-15] [0,236,-157,492]
Approaching LOS
Highway LOS [0, 100, 167, 500] [0,-10,-15,-20] [0, 689, 492, 886]

Tumsni 2 uansgduuums fomssenineummus
wlo@ueAIAMMIIIAY gains uaz  doppler shift luusas

4 4 ) i i
aounsal [14] WuRamanmuaaden Az 4. 1aun

X 4
3.1 WUNYUUN LOS
ad o ¢ . dad 4 .
A duaaumsalvesumue 2 Au NNiundalds
ada hitidsneadunieminavin
X 49 &
3.2 Niuiluiies LOS
a A < st o
asauauuludleadluagaumsalniionmmu: 2 Au
Ahodb Ry o 5 g -
NADUNIMINY UMSazNoUL@:  Multipath fading  (UDINY
a v < - A4
danoadna 1ases uazenmmuziuedmnaniuiizuum
X 4 '
3.3 NUNUUN AU LOS
ad g ; o & 4 4
Tunsaitlidumsdedsvessmnmus 2 Auinaouiam
X P .
AN 2 Foudusa Nagalimsanesinunniy the
A 9w wazazwuass Wi doppler shift JiA1ga tile
Y 3 L
wsudeuAuiiug 2 asaitedu
Py o a s - v
pamsasawpiime s iuaaalumnem 3 1y

lumsdranina a0iuldiiA1ves Camier, Symbol Duration taz

P

M
Cyclic Prefix Huiimiuanaaiulundazmalulad dius P fifn

Lo , L H
Al 23 dBm A1 Grx WAz Gtx iimoihAy 3 dB HmslFasaa

dyg1al 1wy QPSK tazvinadeyaiivinaniiy 200 lud awsa

) 288 msUs:gUI

dumilFlddmivdeyadnimnlasads  [15]  migydeves

MATU N 1 A3 IAIAY 47.86 dB
M3 3 mniiweinlFlumsiiasay

Parameter 802.11P LTE-V SGNRV2X
Cameer 156.25 kHz 15kHz 60 kHz
Symbol duration Sus 66.7 s 16.7 us
Cyelic prefix L6ps 4.69 s 117 ps
P 23 dBBm
Grx 3dB
Gx 3dB
Pathlossat Im 5.9 GHz 47.86 dB
Noise Figure 9dB
Payload size 200 bytes
Modulation QPSK

4. wamsnaaeuazMniseranisnaaes

Comparison of three standard Ruesh

< = 4 o
31 s manfisudiey 3 a3 vesiiuiiruum Los

Comparbian of hreestandard Urtas

—

< = - 4 da &
31 e manfisuidioy 3 masgv vesituiluiies Los

Compariion ofthice stuodard Wighwsy

< = 4 2 ,
Eﬂ!'l 7 manfiouidiey 3 WATIU YDINUNVUNNAM LOS

naniiaeadazlii 57 lAnfFeuieudszaniamueans
domsszninemmmuz  Tagldin PERSNR  waziinsanan

suiuumsdemsszndneemmmue daasai 1| uas 2 uaaaliiin




71

. da s < a
JunAsg SGNR Wil PER dmgalunndaiumsel sesaunie
LTE-V taz 802.11P awddy luaaumsaliiiiar PER fid iiga Ao
A & o 4 odaa 4 < . =
Wdfiruun Los dauituiihuifea LOS aziufivumedau LOS i
| . o ) da Y - .
Amgaiuawddy Tugaeiilm SNR iy -5 8 s B Tuudas
; P
malulagiim1 PER fideudiage naamminzanaanwddy a0
= G @ wyr ” s
msinsani PER xtiuldh senr  dumaluladiadiga
1if09910 SGNR fimshsWauwy IDPC daunasg LTE-V 3ims
wWhsiauuy Tubo wazdou DMRS uandnAu Sadanali
- . 2 £
UszAnammssznadeadyanaivy mazaziy SGNR Jagn
saldndumauTagnlFlums femsszninenmmusi

winzauigalagilszdniam PER Ndmga

5. agl
oy = $ 1.3 =
unmmu'lmmmmmm1aamamsﬂwm"m ufsuieuany
lmm‘hwmmﬂig'lumiﬁamﬁ:wiumuwmu: 3 IAsgu Ay
Px] e . v
aANUMIANUANANAY 3 @a1umsal ua:'lﬂu‘llﬁuagﬂuuumi
Aomsszvinnummuzvoudazaniuni Taol¥a PER Tums
a 4 - & 3 Y v - ad
TR zRuaznIsdIanIna Fanamsdasudalimiuiima Tulagn
minzaAums fomsszninenmmus ludszmanefiaeandos
Aunsszya 5G e SGNR 110391031 Packet error rate (PER) i1
faalunngamsal iilddeanmudadenlidrdh danaldtinnm
o - Vo4 oa S & ; .
ﬂaaﬂnﬂua:um‘luu‘Inmnanqwu‘ummiﬁaﬂ‘m:mn
y ;
v Tuunamiiduduenmminzauma TuTagmsdoms
Wiolszgaa lFdmiuas Feasszuheonmmuz udszmalng
- P o - s dd e 4
Ay maTuTad SGNR WumaTuTagmirduamemga
Yy a
1PNA5391903
[1] World Health Organization: “ Global status report on road safety
2018 7, 2018
[2] Claim Online “ ThaiRSC statistics report ”, 2019
[3] Giammarco, Alessandro, M. Masini and Alberto Zanella
“Performance comparison between IEEE 802.11 p and LTE-V2V
in-coverage and out-of-coverage for cooperative awareness” IEEE
Vehicular Networking Conference (VNC), 2017
[4] Gaurang Naik, Biplav Choudhury, Jung-Min (Jerry) Park “TEEE
802.11bd & SGNR V2X: Evolution of Radio Access Technologies
for V2X Communications™ , 2019
[5] 3GPP “ Evolved Universal Terrestrial Radio Access Network (E-
UTRAN); Overall description; Stage 2 (v14.3.0, Release 14)”
3GPP, Tech. Rep. 36.300, June 2017.
[6] Hyoungju Ji, Sunho Park, and Byonghyo Shim “Ultra-Reliable and

Low-Latency Communications in 5G Downlink: Physical Layer

Aspects”, 2018

7

(8]

91

[10]

[11]

[12]

[13]

[14]

[15]

Daniel Jiang, Mercedes-Benz Research & Development North
America, Inc. “ IEEE 802.1 1p: Towards an International Standard
for Wireless Access in Vehicular Environments ”, 2008

Ahmadi Sassan “5GNR:Architecture, Technology, Implementation,
and Operation of 3GPP New Radio Standards ” Academic,2019.
Alessandro Bazzi , Barbara M. Masini, , Alberto Zanella, and Ilaria
Thibault “ On the Performance of IEEE 802.1 1p and LTE-V2V for
the Cooperative Awareness of Connected Vehicles *, 2017
international telecommunication union “Intelligent transport
systems (ITS) Report ITU-R M.2445-0", 2018

Masini, Barbara M., Alessandro Bazzi, and Enrico Natalizio.
“Radio access for future 5G vehicular networks” IEEE 86th
‘Vehicular Technology Conference (VTC-Fall). IEEE, 2017.

3rd Generation Partnership Project *“ TR 38.801-2. V16.0.0
Technical Specification Group Radio Access Network; NR; User

E (UE) radio t

and reception ” June 2019

Naik, Gaurang, Biplav Choudhury, and Jung-Min Park. “IEEE
802.11 bd & 5G NR V2X: Evolution of radio access technologies
for V2X communications” JEEE Access 7 (2019): 70169-70184.
Intelligent Transport Systems (ITS) “ITS-G5 Access layer
specification for Intelligent Transport Systems operating in the 5
GHz frequency band v1.3.0”, 2019

V. D. Khairnar and K. Kotecha, “Performance of Vehicle-to-
‘Vehicle Communication using IEEE 802.11p in Vehicular Ad-hoc

Network Environment”, mar 2013

5 G . 4
wenl Mna disamsfnm
FrnITuMans Nadiaa 1IN s
Tnsmnnay MmmInadomalulaggs
a Py - A e

uls  Jdaunswdin dield w2560
thiumdsdnnluszdufygn - @
winndomaluladgsu’s  nudden
aula WuainerumaTulagms

domrsszninenmmuz

S . P
HFL. ASLATHING 9101 duGamsAnm
. o A
szaufSganas  Tn e MaIn
FrnssuInsauny dninin
Fmnssumani  ymInedomalulasgs
a ae 4 v o a

i oudeiauly sruuvudesanie:
] ! ¥ = g

smart transit M3 Feas imudmiusooud

ToT miguas:uunﬁamua:mm"mm’

lISAIS 289 (




72

2021 International Electrical Engineering Congress (iIEECON2021)

March 10-12, 2021, Pattaya, THAILAND

(Full Manuscript)

SGNR : The Suitable Communication Technology
for V2X in Thailand Vehicular Environment

1* Taweep Srichalee

School of Telecommunication Engineering
Suranaree University of Technology
Nakhon Ratchasima, Thailand
e-mail: m6113155@g.sut.ac.th

Abstract— Nowadays, vehicular communication is a
famous technology. This technology increases the
efficiency of vehicle and road safety. IEEE 802.11p and
LTE-V are introduced for more vehicle safety. 3GPP
defined a new technology (SGNR V2X) for new service
of communication between vehicles, in Thailand is still
not explicit in which technology is suitable. This work
proposes a comparison of vehicle to vehicle (V2V)
communication link performance in terms of Packet
Error Rate (PER) versus Signal to Noise Ratio (SNR)
and PER versus distance between vehicle in various
environments. Simulation processes are created
according to communication standards such as doppler
shift, path delay and path gain. Our results show that
SGNR V2X is proper technology for communication
link between vehicles in Thailand. SGNR V2X is the
highest performance according to PER values.

Keywords—IEEE 802.11p, LTE-V, 5GNR V2X, PER

I. INTRODUCTION

Today, accidents on the road are a significant
problem. Meanwhile, World Health Organization
(WHO) reported statistics about 1.35 million people
per year are passed away from road fatality, and the
number of deceased is still increased continuously. In
Thailand 2019, 360,000 times of accidents affected to
peoples. As a result, 25,000 peoples lost their lives,
and has the highest number of deaths in Asia and is
the 9th in the world [1,2]. Consequently, this research
expects that V2X communication reduce the statistics
of accidents and deaths on the road[3].

IEEE 802.11p technology was introduced in 2010
with OFDM waveforms. In 2016, 3GPP introduced
LTE-V2X Rel.14 and in 2019 with SGNR V2X. LTE-
V2X and 5GNR were developed from the cellular
network. Vehicle to Everything (V2X) services are
separated by safety application and non-safety
application. The researcher also introduced two
technologies, IEEE 802.11p and LTE-V, which
require a latency of 100 milliseconds[4]. SGNR was
developed with latency of 1 ms. 3GPP introducing NR
(New Radio) for communication between vehicles,
called SGNR V2X. 5G Rel.16 was developed from the
3GPP Rel.14. [5]. SGNR V2X is expected to support
higher levels of 5G of New Radio (NR). V2X Rel.16
is presented for enhancing of mobile broadband
(eMBB), Ultrareliable low latency (URLLC), and
massive machine-type communications (mMTC)

This work present compares the differences
between 3 technologies, namely IEEE 802.11p, LTE-
V and 5GNR, by comparing the efficiency of

2% Settawit Poochaya
School of Telecommunication Engineering
Suranaree University of Technology
Nakhon Ratchasima, Thailand
e-mail: settawit@sut.ac.th

connected vehicles using SNR versus PER and PER
versus distance for all three technologies three
different  situations.  Finally,  suitable  for
communication between vehicles in Thailand has been
indicated.

II. TECHNOLOGY COMMUNICATION

A. IEEE 802.11p

The IEEE 802.11p standard was introduced in
2010, called DSRC (Dedicated Short Range
Communications). The United States provided wave
in 1999, the FCC (US Federal Communication
Commission). The DSRC (short-range
communication) IEEE 802.11p waveform has been
developed from the standard IEEE 802.11a. IEEE
802.11p is improved from IEEE 802.11a standard.
Communication services are operated in 5.850-5.925
GHz band which included 10 and 20 MHz
bandwidth. Communication channels are divided into
7 channels [6] as shown in Fig. 1. OFDM
(Orthogonal Frequency Division Multiplexing) is
used in the PHY layer. IEEE 802.11p is managed to
transmit as CSMA/CA and the MAC layer uses the
IEEE 1609 standard [7], as in Fig. 2.

SH7S ._i i

S o sl Bl ol i
EEEREREEEE; -~
Fig. 1. IEEE 802.11p channels
Application HTTF 1609.1
etc
Transport i
UDP | wsmP T
Network Pve 16093 >-security

Logical bk [ Lc .302,2

Modium access 802.11p |

Physical 802.11p

Fig. 2. IEEE 802.11p framework

B. LTE-V

3GPP developed the functionality of D2D
(device-to-device) able to communicate directly in
Release 12. However, what exciting things about
connected vehicles is introduce the unique features of
3GPP for V2V (vehicle-to-vehicle) communication.
3GPP applied C-V2X (Cellular-V2X) as a cellular
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connection and improving for V2X communication.
The C-V2X divided the communication into two
types 1. Communication between vehicle and
network (V2N) in which the vehicle connects to the
base station called the communication as Uu. 2.
Communication between vehicle to vehicle. This
communication does not require a telephone network
base station, which can be directly connected in a low
latency value and more reliability called
communication PC5 [8] as shown in Fig. 3. The
difference between IEEE 802.11p and LTE-V is SC-
OFDM with symbol duration of IEEE 802.11p is 10
times less than the symbol duration of LTE-V, and
LTE-V is Turbo encoder. The number of RBs
(resource blocks) depends on the size of data and
selection of MCS (Modulation and Coding Schemes)
[9]. 1 sub-frame consists of 14 OFDM symbols.
Supporting modulation since QPSK to 64 QAM at 10
or 20 MHz, peak rate is 41.472 Mbps.[10]. In
addition, LTE-V also has using demodulation
reference signal (DMRS) to control data transmission
helps the receiver estimate the channel response
appropriately. In 1 sub-frame of LTE-V PCS5 have 4
DMRS symbols [13].

Base Station

®

‘ Sidelink
PG5 Interface g
Fig. 3. LTE-V and SGNR V2X interface

C. 5GNR V2X

SGNR V2X 3GPP was first proposed in Rel.15
and has been developed to certified for new
applications in Rel.16. SGNR supports OFMD
waveforms for high-data applications. 3GPP has
proposed a new standard in terms of 5G Release 16
with addition of other new techniques for system
optimization with better communication, especially to
make a low latency would be more attractive. SGNR
technology can support to using of MIMO antenna
technology to increase capacity and coverage. SGNR
consists of two frequency ranges: sub 6 GHz (FR1:
450 MHz - 7.125 GHz) and millimeter wave (FR2:
24.25 GHz - 52.6 GHz). [11] The physical layer is
designed for more reliable communication systems,
especially in low latency, by 5SGNR is a technology
suitable for automated vehicles, also supports
advanced coding LDPC for data channels and cyclic
redundancy checking (CRC). Using Polar code to
assist in channel control of the SGNR is flexible and
able to support more users. The most important to
designing SGNR technology is having its own
subframe. Another essential improvement is frame
structure. In SGNR subframes are divided into 2 slots,
each slot consists of 14 OFDM symbols different

(Full Manuscript)

from LTE. By the lowest TTI equal to one subframe
for reducing latency. SGNR has a mini-slot to send
data using the OFDM symbols, only 2, 4 or 7
[4,12,13].This article, using NR-V2X sub-6GHz
MCS?7 to modulate QPSK with a 10 MHz bandwidth.
Table 1. shows the comparison of three technology
and Fig. 4. show of timeline vehicle communication.

2008/12 B 2018/06

e UTE-D20 TEV2X 56 PHASEL 56 NR-V2X

sandoed b banduidin amer atency
developed by e t ~igher relabity

Fig. 4. 3GPP Timeline SGNR development

TABLEI  COMPARATIVE OF TECHNOLOGY

Fiatare IEEE 802.11p | LTE-VRel-14 | SGNRRel-16
Published 2010 2016 2019
Synchronizati I 1 h e
on
i 10,20,40,60.80.
) 20 .20,40,60.80,
Channel size 10,20 MHz 10,20 MHz 100 MH>
Data dfannel Convolution Turbo LDPC
coding
5 SC-FDMA and
Waveform OFDM CP-OFDM OFDMA.
Semu persistent Semu persistent
Radio CSMA/CA. transmission transmission
resources with frequency with frequency
domain domain
Latency 100 ms. 50 ms. 1ms
bitrate 3-27 Mbps ~41 Mbps PC5 ~60 Mbps
~ 1000 meters ~ 2000 meters
Coverage direct mode and | direct mode and
distance FIOUEREE | o frnthy. | “Very Birge wilh
cellular cellular
MIMO N Support up to 2 Support up to 8
rt © Tx/Rx antenna Tx/Rx antenna
Modulation G 4 Up to 256
ey Up to 64 QAM Up to 64 QAM QAM
Up to relativ
peisafsor | P | e
High mobility km/hr with bolca s Cleas
support advanced it Aty
receiver
5 fequirement requirement
implement

III. SCENARIOS AND CHANNEL MODELS

A. Rural LOS

This scenario of two vehicles with open
environmental areas, without buildings and fences.

B. Urban Approaching LOS

On the urban street is approaching each other of
two vehicles in this scenario, has high reflections and
multi-path fading due to a lot of buildings, traffic
light, and crowded vehicles.

C. Highway LOS

Communicating of two vehicles following each
other in a multilane with high density traffic, signs,
hillsides, and overpasses. Doppler shift is higher
when compared between Rural LOS and Urban
Approaching LOS.
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Rural LOS

Fig. 5. Description of scenarios

TABLEIL V2V CHANNEL MODELS

Scenario Path Delays (ns) | Path Gains (4B) | Doppler Shift (Hz)
Rural LOS [0, 83, 183] [0,-14,-17] [0, 492, -295]
Urban Approaching
[0, 117, 183, 333] [0, -8, -10,-15] [0,236,-157,492]
LOS
Highway LOS [0, 100, 167, 500] [0,-10, -15,-20] [0, 689, -492, 886]

In table II. presents V2V Channel models for
different scenarios Delay, Gains, and Doppler shift.
In each scenario indicates an environmental [14,15]
area as according to Fig. 5.

TABLE IIL SIMULATION PARAMETERS

Parameter IEEES02.11P LTEV SGNRVZX
Carrier 156.25 kHz 15kHz 60 kHz
Symbol duration S 66.7 s 167 s
Cyclic prefix L6ps 4.69 s 117 s
Prx 23 dBm
Gx 3dB
Gx 3dB
Path loss at lm 5.9 GHz 47.86 dB
Noise Figure 9dB
Loss exponent 275
Payload size 200 bytes
Modulation QPSK.

The simulation result is generated corresponding
to table ITI. Simulation parameters presented as Ptx =
23 dBm, Grx and Gtx = 3dB, QPSK modulation
mode. A payload size of 200 bytes can be obtainable
value for safety messages.[16] Receiver path loss at 1
meter is equal to 47.86 dB. Carrier, Symbol Duration,
and Cyclic Prefix are different in each technology.
The simulation and comparison between PER and
distance are using the Friis equation to simulate the
result for finding the distance from the equation [17].
LTE-V used 1800 MHz bands and 5GNR used 2600
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MHz bands according to the NBTC auction in
Thailand.

IV. RESULTS AND DISCUSSIONS

Comparision of three standard Rural
10°4 = .
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o 15 Fl

! SNR (c8) i
Fig. 6. Comparison of three standard Rural LOS
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Fig. 7. Comparison of three standard Urban Approaching LOS

Comparision of thres standard Highway
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Fig. 8. Comparison of three standard Highway LO!
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Fig. 10. PER versus between vehicle in Urban Environment
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Fig. 11. PER versus between vehicle in Highway Environment

The simulation results as in Fig. 6-8 compare the
efficiency of connected vehicles using the PER / SNR
and consider from V2V channel model as shown in
Tables II. Shows that the SGNR standard has the
lowest PER, followed LTE-V, and IEEE 802.11P has
the highest PER. In a scenario where the lowest PER
is the Rural area LOS. Next, the areas in Urban
Approaching LOS and Highway LOS were higher
respectively. In the range of SNR of -5 to 5 dB, each
technology has a very high PER. Focusing on SNR =
15 dB, in rural 5GNR scenario PER that having better
than LTE-V on 45.30% and better than IEEE 802.11p
on 81.56%. In the urban 5GNR scenario, PER is
better than LTE-V on 34.69% and better than IEEE
802.11p on 70.33%. Highway 5GNR scenario PER
has better than LTE-V on 15.67% and better than
IEEE 802.11p on 58.81%. Representing that SGNR-
V2X is the best technology based on PER
consideration. Next is LTE-V because SGNR has an
LDPC encoder, LTE-V has a Turbo encoder and
different DMRS numbers. Therefore, SGNR is the
most appropriate communication technology between
vehicles with the best performance and lowest PER

Fig. 9-11 presents the comparisons between PER
and distance between vehicle. The results show that
IEEE 802.11p technology has the lowest efficiency
and the shortest communication. Focusing at 800
meters PER almost equal to 1 in every situation.
Compare between SGNR and LTE-V, can be seen
that LTE-V has a longer communication range than
SGNR because SGNR uses a wave at a higher band
than LTE-V according to the NBTC auction in
Thailand. However, SGNR referring to basic safety
message (BSM) transmission, SGNR still performs
better because it has the lowest latency.

V. CONCLUSION

This work is a comparison of three different
vehicle communication standards and three different
scenarios. The efficacy of PER versus SNR has
already been checked. Results of the research indicate
that SGNR is a suitable technology for V2X in
Thailand, but compared to PER versus distance
between vehicle, LTE-V technology has the longest
communication range. However, SGNR is still a
suitable technology. Especially, Low latency and high

(Full Manuscript)

reliability will increase the safety of the vehicle due to
the fast warning of an alarm message (basic safety
message). Moreover, this paper recommends suitable
communication technology for vehicle
communication in Thailand. Therefore, SGNR is the
most attractive technology based on simulation
results.
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