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{ Summary )

The goal of the research is to implement an integrated simulation platform
including V2X wireless channels, PHY, MAC, and Network layers as well as the

Purpose traffic simulator for accurate performance evaluation and certification of the
C-ITS traffic safety service.
e Development of the V2X wireless channel simulators for the traffic simulations
We model wireless channels in urban and highway environments
We realize the simulator reflecting wireless channels among the vehicles.
e |EEE802.11p physical layer link-level simulator realization.
We develop a link-level simulator checking whether a packet is arrived or not.
We model and analyze the interference signals considering the receive power of
the interference packets in road networks.
We realize the time-frequency synchronization and channel estimation
algorithms, and functions capturing the preamble or the frame-body.
We determine the success or failure of the packet reception in terms of the
signal and data fields according to the system environment coupled with the
channel simulator.
e Implementation of the IEEE802.11p MAC layer simulator
We analyze the interference and collision probability according to the number
of vehicles, velocity, and etc.
We design multi-channel operations and improved EDCA MAC protocols to minimize
both the packet delay and packet loss according to QoS requirements of the BSM
messages.
We optimize the PHY and cross layer to improve the packet delay and
throughput .
We realize the transmission and reception modules.
Contents

We realize the channel state and backoff managers.

We realize the transmission and reception coordination modules
Extension of the existing simulator such that it can simulate multi-hop data
dissemination and its applications in V2X networks.

We develop multi-hop data dissemination simulators considering both the PHY
and MAC layers

We develop a simulation framework and APl in the application layer based on
the existing simulators.
AP| development for interlocking with the simulators in each layer and traffic
simulators.

We develop the APl for interlocking the wireless channels, PHY, MAC and
network layers

We delvelop the APl for interlocking the simulators in each layer and traffic
simulators
Performance verification of a combined simulator

We derive some design principles for the driver’ s recognition response time
by the C-1TS unit service intra-vehicle information types.

We verify the effect of safety improvement by the C-ITS unit service
scenarios.

We verify the effect of communication improvement by the C-ITS unit service
scenarios.

Development
results

V2X wireless channel simulator

|[EEE802.11p PHY layer simulator

[EEE802.11p MAC layer simulator

|[EEE802.11p network and application layer simulator

API interlocked with the traffic simulator and the simulators in each layer




Performance verification and realization of the traffic-communication combined
simulator.

Expected
Contribution

The simulators developed in this research can be exploited for verifying the
performance of the traffic safety service and V2X safety messages which wil
be realized during the C-ITS demonstrationg project (2015-2016).

The simulators developed in this research can be exploited for developing the
traffic safety service by allowing them to evaluate the performance accurately
and quickly which is essential techigques for V2X based traffic safety service
development .

The simulators developed in this research can facilitate the source technology
research as an essential techniques for the combined optimization including
[EEE802.11p, PHY, MAC, and network layers.

Final project outputs can be used for practical systems. Then, in the
industrial area, the proposed methods can increase the export of our country.

Keywords

. . Per forman
Traffic Cross-layer Traffic Safety V2X erto ? ce
. . ) . . ) Analysis
Simulator Simulation Service communication . .
Simulation
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each of the mobile units is expressed by a
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: 01434188 (2004.06.30)
CPC : G09B19/167

GO9B 19/16 ,

el

7h

IPC :
combination of a driver model, a model of driving operations of a virtual driver, and

In a road traffic simulation apparatus that expresses a plurality of mobile units and
road traffic environments on a computer to simulate traffic situations in association
a vehicle dynamics model, a model of physical behaviors of a mobile unit. The
mobile units are programmed to travel independently to each other in a road traffic

environment that is expressed on the computer.

with a plurality of mobile units,
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. IEEE 802.11p/WAVE $ &A% AlEdHoly /|

1) IEEE 802.11p/WAVE §& #Al5olA BSM T4

O Basic Safety Message(BSM)= #| Zszk 7] 39l SAE(Society of Automotive
Engineers)oll Al A A3k J2735 SHAWA|A] EFo 2
W] fs] AHolH. olgdk &3 A AHE Iyl o] GPS, £%, ¥ 7%, Heading,

A A7) 5 2] 7|2 Ay ARE X3 9S.
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msgID -= App ID wvalue, 1 byte
msgCnt == 1 byte
id -=- £ bytes
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ELC‘C‘_."J‘_'EIC:!’ ¥ -— 4 C:{:ES
-- motion
speed == 2 bytes
heading == 2 bytes
angle -- 1 bytes
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-- contreol Control,
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-- basic
size -- 3 bytes
-- Part II,
-— Part II,
safetyExt Veh on OPTIONMAL,
status Vel QPTIONAL,

-- % LOCAL CONTE
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th. IEEE 802.11p/WAVE MAC A% Al&d ey /42

O IEEE 802.11p wiA] H< Alo] AlE=(MAC, Medium Access Control)< 7|&2] IEEE 802.11 v
A HAl A5 DCF(Distribution Coordinated Function) 21olA4  QoS(Quality of
Service) #93}l7] 913 EDCA(Enhanced Distributed Channel Access) W4< A& IEEE
80211014 wiA] Aol AFS FA HEAA FxoA A mAE S8l vAAE dEst
He =80 WAl " 2 A WA gid £5F r4e®, DCF W43 PCF(Pint

coordination Function) Ao & 1y, WAVEE ZA 7]y¥F ¥k2l¢el DCF WAale] U9

CSMA/CA(Carrier Sense Multiple Access/Collision Avoindance)S A& 3}

_ DIFS | | DIFS
I - _ Contention Window
‘ PIFS "l
I ”
f : SIFS / /
Busy Medium -~ a JElzliclJmﬁ -Window | Next Frame
_pl_lg Slottimg
Defer Access Select Slot and Decrement Backoff as long
> as medium is idle

J8 14. DCF H7IHE S8
O ¢ ¥ DCF W7hFe 555 vehd. 713249 A2 dEstaat e dlolert
© =2 WAL 77 dEdde) Al AARte s ZAska, wiAZE FREE QIAIEH
5™ DIFS(DCF Inter Frame Space)z} F-Z+= Al &<t 7|tg. olu wjA|7} thE =9
ofaf AR FolH ==L AFe] Ed w7k HES AVIskH, 7 AHEb #3le F=
< 3lFshr] fg W e Elo]H(Backoff-timer)E #&shi=dl e €S (Backoff-time)<
o5 2ol AelH.

ckoff Time = Random ()*aSlot Time

91 2ol4 Random()<> [0,CW] W9l =58 A4d A3 J5= Fholr, aSlotTime Blo]™ o] 4

G 2ZA 3 0l weE o gk 79, IEEE 802.11p9) #

rlo

oel Eeh g

HE 1. |EEE802.11a2t 802.11p2| 8= miZ|mE H|uw

[EEE 802.11a [EEE 802.11p
aSlot Time 9 us 13 us
SIFS Time 16 us 32 us

CWmin 15 15
CWmax 1023 1023
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L A, A7 R e e ARRS FHAs] UrbuA
Q3 AlZbo] (0] Hi= kT Zﬂ%% A1Z} CW(Contention Window)$] %71

=2 wgstel QHES TR e, A5
W7 FE= AE QS BE CWel Hst

o714 ne AL Zgoln, CWi aCWmaxoll =28 wj7h#] 5718t aCWmaxol] =93k el
oAM= AdE 357t Skl et CWE aCWmax® 1A H, ol dele] t7|74de o
34 (Backoff Process)elgl stH, wjA|7F AR Q1 A&

AlZFekE o] OP‘/]"/} 2] Bolm & ®FaL wjA7E 7 AEi] Aol AAHEW 1w thA] Epo]r
2 zZHgate] mjAl Hfrell tigk ®Aro] o] A,

DCF W2lel Al el CSMA/CA "7l EL 7[EA oz HE o)dd 74x] i 2387 oA
7] W2 (Listen before Talk) Y& ol 7|HWFe F11 Q1. o= w==7}

A AR AR5 vE] Ao e wiAe] Fots a7 aAl s U

Fel 2982 CSMA/CA 555 HolF DCFE CSMA/CA W7y Fo] AREE W, 7]&
E52 Wl FAEAI T 52 == #A(Hidden Node Problem)® <1&f WA sh= 3
RTS(Ready to Send)2} CTS(Clear to Send)E AF&dtoz=A w7l $E5S B o & S
e, ol TRl Abo] AAIRFe® oy Filo] o] Fojxjokst= V2V gHg Al o2 gt
H45 Agstr] g deolrh wAsE, wEekd Alxdle A7e dstE wAgty B
P2P(Point to Point) #7g¢] obd AWM eA|ol EAst= 2ol Al BESMS d&afoksls B2
EAaY WA= ghx] 947] wlito] RTS/CTS W22 AME-8H#] &2

=2
i

)
N
ftlo
2
of
o
Lo
)
[-'N
=2
=2

(03
)
o

o

A %

¢

’
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START

|

Set back-off
to zero

N |
L 2

Persistence
strategy

i

Wait DIFS

!

Send RTS
Wait back-off Set a timer
time
Fy
No
Yes
Wait SIFS

|

Send the frame

!

Set a timer

No l
ACK
received
before time -
out

Back-off

Limit?

Increment F No
Back-off ™

Success

T8 15. CSMA/CA S 8%
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O EDCA*= 7] IEEE 802.11 wiA] A< Alo] Aol AF8%+= DCF W04 A= & QoS
S BHAst7] 95k WAooz ALgE o= EYY FRol wel 4719 AC(Access Category)
2 535S Uyo] 183 o] AIFS(Arbitration Inter Frame Space) #hS F4slo] =& ¢

Ao Edgels o we A% /18E FEF s 24 /1w A F 89,

AIFS[ACT)] V /Eackaff counter frozen
Window

AIFS[ACZ] Backoff
‘——‘ ! Window counter frozen

Contention Window
AIFS[AC3]|  from [0,CWIAC]]

Immediate access when
medium is idle >= AIFS[AC]

AIFS[AC)

Busy Backoff NixtE
Medium Window ext Frame
Slot Time
Defer Access Select Slot and decrement backoff

as long as_medium stays idle
8 16. EDCA HIZ7IHE EEX
O oz e} o] 4709 Flelagls F2%o wEk VO(Voice), VI(Video), BE(Best Effort),
BK(Background)= W™, $4E97F 2555 B2 A% 7|13E ®Ags7] 98 42 @
L BSME 7P =2 4 #9E 7H7] wiel VO(Voice) 7helazeg] ¢l EDCA et E
2

Z+O
o=
@ A8, 2t ACel mE ATFSE T3 2o] At @ 4 L.

IFS  AIFSN X SlotTime + SIFS

I 2. EDCA ZiEf|22|of hE ut2to|E gl

Access Category CWmin CWmax AIFSN
VO 3 7 2
VI 7 15 3
BE 15 1023 6
BK 15 1023 9

A% A o AR A &
9% A
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mapping to access category |

Vehicle_A

|

' !

'

ACVO ACVI ACBE AC_BK
I r '
Backodl Backoff Backall Backodl
AIFS [ACH] | AIFS|AC2] AIFS[ACH]|  [AIRS [ACH

3 WAL 2] CWIACT] CwACH

Virtual Collision Handler

¥ Transmission anempt

Vehicle_B

I—ﬁi_m—l
Ak

I:TFI
PIT

Vehicle_C

]
hkk

'

]

.

Wireless Meduun

8 17. EDCA A S o8&t
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2. V2X FA 212 A E#HolH Z%H IEEE 802.11p/WAVE E3AF A

E# ol M

1) IEEE 802.11p/WAVE V2X 541 A 2"£ large-scale do]ld =4 3

O V2X FAEAe] =44l #20 IEEE 802.11p/WAVES 541719 4=417]17ke] o] A7} 1km

ol 58GHz WY& AH&3t w4 3tHolA= V2X FAlo] A7) T FA77F He 2
9] OBU(on board unit)® =% 7]#]=F RSU(road side uint)S 9 A& Ht} vHA X517
uj 5ol ol ZH 3y} o] HAIZ|e} FAal7] o] FeoEo] ¢l LOS(ine of sight) 4=} %
A 719} 2171780 FofEo] 9l NLOS(non line of sight) 27} &35k WAyt

\l

ol FHA
o, IEEE802.11p/WAVE°ﬂ 7}?@} A1gHgk WINNER-II 22s o]gsto] Ad AlEdolEE
T3 WINNER (Wireless World Initiative New Radio) Z=AE= 276 GHz T35 Y
oA, W 1km olsto] mlola g =4 HupetAel tis] FdE S0 o SAHE ol &
ste], A2 &4 mdE sk

O WINNER-II ®dloA LOS A= A7) =417]9] F& =o|(effective height)ol] <]
A% = break point & FAHLE MR UE V7], S AR GE dE2 EY AF nS Z
© AR F4 BdE v53 o] Ak FA17]ek 41713k A7t break point d, Bt 2}

S AFoeE FEEAE AF pe 227013 break point d XU F A-9ol= AREA XS4 po]

)

22710gd+41+201og(5°) d < d,

Lios(d) = f
40logd + 41 — 17.3logd, + 20log (—C) d=d,
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Lyzos(d) = Lips(d = dy) + 20 — 12.5n; + 10n; log(dy)

FAL BHHE, FA7NA wAR FAZA L A o 2% LOS AR &4, NLOSeA
A FAH o Hat AR £ 20— 12.50,+ 10n,log(d,) & B8] Fatal QLS
JDE AR Aolge nHse] thg AT BE AR

g} 2
A= dHold gl x 7 dsid 2AE.

a

b
Z.‘
e

Aol

Ly(d)dB = L,(d)dB + X,

oA7IA, B A= = L(d)= S8 Wt L o(d) B Lyps(d) 7t HaL, X, = LOS =

P
o A= 3dBel EFHA 283 NLOSEHONA = 4dBe] 5 Ao ol 2AH+= =9
Hold &35 Yehll= A ¥4,

A

T3 19. NLOS WINNER 22 &4 ZH =F

ool Al w3 WINNER =@S Matlaboz &3 T4 LOS @AM F4 Fak¢

f.=58CGHz, 217 QFEIUe] =ol&= hp=5.1molal A7) otHUe] 0] h,=1.8m, 1E]
1 8 FolE ALy 93k EYy ¥ x BA A= 1.002 7FA S, RSUSF OBUZTHE
A7 Hdl 1,000m7HA] 71 2] LOS Aol Hat A2 &4 F35H= Matlab &

o THE eI e
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B ®%7| - CWchmun®WissueW A WK-MOOCWWINNER_LOS.m
+'1 WINMER_LOS.m WINNER_NLOS.m Kangaku_NLOS.m miain_WINNER.m main WINMER_LOS.m +
] function [ BL 1 = WINNER_LOS( dist, hT, hR, f. trf_den) ' -
2
3 Aid et 2E HE
4 % list STel 2122 Hal (~1.000m)
5 1T+ RSU &0l (5m + < 20m)
B ¥ hE Bl = a1 '0im ]
T ] i =4 = ~ B.0 (CH2)
] ¥ trf_den =ci=ol GlHLE W= Ol 82 oI =% M ) 0 brf_den ()
9
10— lambda=3e8/(f=1e9);
1 - de=ds (hT-trf_den)~(hR-trf_den)/lambda;
12 - if dist < de
13— PL=22. T~ log100dist) + 41 + 20 |og10(f/5);
14 — else
15— PL=40+ log10(dist) + 41 - 17.3= log10(dc) + 20~ 1oal0(F/5);
16— end
O3 20-1. WINNER-11 2 MSHIAEE st =Y
O NLOS g7l = LOS &4 L3 A= s E 7Hdsi, Frh4oe 0285 4=
€2 wa g4 SAaeA wARAAe] A =1lom EE 0mE HIHL 4 +d, 7

=
Ao 1,000m7HA] E74e Ao Fi A= &40 &y S Matlab 542 el %,

E -

+1 WINNER_LOS.m WINMER_NLOS.m Kangaku_NLOS.m main_WINNERm main_WINNER_LOSm + .|
1 function [ PL ] = WINNER_MLOS( distl1, dist2, hT. hR, f, trf_den) L4
2

3 i1

4 % Hel 1 10

3 5 A2l Hel (= 1.000m

g "

T %

] %

g 4 = [f: 0 EE LT =& 0 | f
10

11 - lambda=3e0/(f=1e8):

12 = de=dn (hT-trf_deni=(hR-trf_den)/lambda;

13 = ni=max(2.8-0,0024~dist1. 1.84);

14 = if distl < de

15 — PL_LOS=22.7* log10{dist]) + 41 + 20+ log]O(f/5);

16 = else

17 = PL_LOS=40* |og10(dist1) + 41 = 17.3* log10(dc) + 20=log10(F/5):

18 - end

19

20 — PL = PL_LOS + 20 = 12.5#nj + 10+nj=~ log1D{dist2).

O3 20-2. WINNER-11 2 MSHAEE 2[5t 3Y

rlo
-
o
i,
=
&
=

ol

>,
il
o

g3lo] TN HE A2 &4 Ay aYZE HoE
2 4 AG7) 227904 4002 FkeE AS &
A & 2l 183l NLOS 742 LOS 37l nla] 5dst 41719k F21717ke] Aol A
& 0S AN F21719A

i
o
?{-‘4
4 o
i
=
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A2 7AA ] A b 10me A$7F 20mel ASo), AgHoew HHE AR &£2o] 10dB A%
Fagayiy

150

—8—WINNER Il (LOS)
140 H——WINNERII{MLOSZ): d, =10m

g WINNERII(MLOS):d, =30m

130

120

110

100

Awerage path loss [dB]

(=]
=]

10" 10° 163
LOS : d, NLOS : dE [m]

O 21, g 224 Z O

| H

O o] AF}Z o]gsle] RSUNA AH|A 7bsd A 9L g3 BA AMNS Ea 46w
IEEE 802.11p/WAVE®] FA1- 92 33dBmeo] L, 41719 receive sensitivity (5, A& -
7} 7Fsd Ha 2 Aol -90dBm §). it #Hold WS 3dB, Small-scale #Ho]d w}
218 20dB, z8]ar F7H4Ql oy o] 58 gluka M w Mu|s shee A mge t
=3 o] Ak,

. S —
2AME =\ 1/ Gains o Margin | - | ]
33dBm -0d8  — ?gst? = _o3gg ) = 90 dBm

a2 22, 23 Al HARA

91 AxbAlel w2 3 path loss7F 100dB e]ake]ofof F=ale] 7}%3}1:4, Wi A A
of Ak =M, Hit AR o] 100dB o5k £7] f1siAE, LOS B E A7t
120 W E o]sh NLOS #4olir  =10m 9 A% 4,7} 62m ©l3}, d, =30m <1 A d,7}
27m °l&7t HE AL 9T F Y Yubgow RSUS OBUZF NLOS 7Y 79-o&=
AW AL 00 E olatw W 4&E A & e
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9) IEEE 802.11p/WAVE V2X E41 Al=9 8 small scale #lo|d w& 78
HgolM AF A A=A s A AFrk(delay spread)& sl flstko]
Ad AlEHCIE Sl Wireless InSiteE AFE3sle] thg 2@y 2 =4 3 A

V2V (Vehicle to Vehicle) S21A|28e] I EALS #4918, Wireless InSite™ ray-tracing 7|

©)

>,

H1 1
o

He 3 AR H diarR delddt e FA Ad EAS A5 A5 2"e AEY
ol #74& YElH ZIZ 1km, AR lkm 72 EA1E 33102 2dw)s9ls.

PA%e \\\\ & M

a2 23, Wireless InSite 22
O AlE#olA 23y} ==% TDL(tapped delay line) PDP(Power Delay Profile) 222 th2- %9} 7-2-

¥ 3. TDL POP MSH

Tap Delay [ns] Average Power [dB]
LOS 1 0 0
2 100 -35
3 200 -5.1
Nor-LOS 4 300 -8.0
5 400 -109
6 500 -14.0
7 600 -21.5

3) IEEE 802.11p =8 A& Al&gdely 43

O IEEE 802.11p & A%< OFDM(Orthogonal Fre —quency Division Multiplexing) %%
= MBS FAVeAM e AUFA IGE AREEE, 329 HolEx Ad Ao wet
1/2, 2/3, 3/47F A&, 9 © dolH = HAE o #(bust error)E WAE7] f3] <AE
W (Interleaving)S 3. AE W T Ad 40 wegl Ay = Hxz Wy ol Mz
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¥ 11 64-point IFFT (Inverse Fast Fourier Transform)Z& 3% & CP (Cyclic Prefix)
7h A Eo] A

O A7l M= gdsl F wkFsk(pilot subcarrier)E ©l&3dte] AEde FAsa, 4
OFDM A &2 FFT(Fast Fourier Transform) %o 4% 23 Al4& AF&ste] dHeold
s BA ZZFY o]l oal AW Aol WA, AW A A &str] 3] A
934 71 AR

O & AFolA s FadE AlEdolH Y =dAS FevE e v 25,

I* 4. d3YW ASole S2|AS meiolH

Parameter value
Bandwidth 10 MHz
Bit rate 3,4,5,6,9,12,18,24,27 Mbps
Modulation schemes BPSK,QPSK,16QAM,64 QAM

Code rate 1/2, 2/3, 3/4
Number of data subcarriers 48
Number of pilot subcarriers 4
Number of total subcarriers 64

FFT period 6.4 us

GI duration 1.6 us

Symbol duration 8.0 us

O 919 TDL PDP =25 AMg3le] Z2] AF9] PER(Packet Error Rate) d5S
dolHE o]l&ste] wAstd, HAxwa QPSK 1295 Wl 60km/hz  ©]
PER(packet error rate) A5 13X v 2.

10°®

&
o 19

102 i i
0 5 10

15
SNR [dB]

20 25 30

T8 24. QPSK 1/2, 60km/hollA{2] PER Z12H=
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AlEdely T4
AlEE ol Fd WHE dAH L
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o
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¥ IEEE 802.11p =&l

Sk

a3
O V2X Ad AlEdolHel Z23% IEEE 02.11p =27

4) V2X A A& o] ¢}

A e Ay =
A Z =
" o % o
o M —_—
o) X T : =
R iy
g P I
o To ol B
R R 2
w2 T W
S o T R
o D I R
,,,ln —_— N ,mﬂ ﬂ.l -
= < N 8 ™
<" K - )
M A ARG B )
R < T — = = eyl
oo x 4 % AF 2 I E
o UL - .m_._._._ olo oy Z _ o
3 ' © v s 7 a3 2
zn O J—
X ol — TR la )
o < W Aﬂ B - J& =
oﬁ Mv,l = 0 g2 I\ <7
N b s gl Ey AR
O > nXw g8 o
< = o NM e 0 Wx_
- ofu = R - 8 2 B
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= < > oy oo B & ¥
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[H

il

o
ofo
ol

ol
&
o_uL
o,
4

g-3e] ok#) BSMe| PER A% 17 # PERS 7. d& 5ol
441 SNRe] 15dB °|®, ok#] g7} o] BSMe| #it PERE 0.05% 244

1
15

SNR [dB]
a8 27. =41 SNRo|| [}2 =W PER H| W
=

@ BSMe| H3t PER= ol&ste] s szl 2] ofF
ol 0.05°14, [0 1] 7zl A HLd7 x5 2t Ad 2
HE7E 0.05 Bop zhow s sfjFlo] o7k TR Aow ddd SAE dE W
0.06 Bty =2 & AL o7t BAeA] Fa o Fild Aoz G

ofef LEjz el y= Fhol 0ol BSMol ol#7p ASHS wWolw watz T4 0=

S -T5myE ool Aol vhE we Y@ A%, F AF 19 AL gasd
BSMe] o @7k MAsA evbh, Al Azt weld A9 BSMel e wael 37t
2 g 5 9.

a7 28. A2lof wE 4l miZlof2f =
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A2 Ae XS AT V2X T4 A AF T AEHA

O U 22 V2X 34 A AF ¢ Algdold ZdES 7asty] s J3d AEdeld &7

@ WAVEQ| PHY, MAC AZ3 24 x4
AIEHI0IH &

MATLAB
‘ T ®SIMULINK

@ HaozELEY ® SgAZYnETH
= prescan @
MATLAB
SIMULINK |

@ PreScane AFEA7E dabe ke Adele B4 T3 4 e ddEHe A~ AT
o ol &7 EAdA wAT AFFE A AUl T4

@ WAVE % AS(MAC, PHY, FAAd)el thet A8 olE= Matlab/Simulink® -8 312
™, 7} 2ol tist BSM A4 9 V2X BX8E &

® PreScandlA FEWA duelF CVED T8 4 VoX 5284 A4

@ VX B2 A A= E3 AByolA Ay BA,

O %3 AE#olE(PHY, MAC, Ao 74 Adss ofel 13} o] 48 H.

BSM &% 43 7Y
(RUMB+E2MAC)  yesssuan HoR

N Ry N S
8 30. &8 Al=Z2I0|E{(PHY, MAC, RMAL)e

-
0x
Hn
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@ Agelolel MAE = 2 Aee] BSM AMRE A% DL, 30, 50thel W mE A
o 27} 44 %,
@ AT BSME A4, PHY, MAC A%0] o8] 7 2ekel AY 4909 BSM A%

e 2 A fFE e

® HEAQ BSM 7 Ad HE FHE HZ&EEA2S 9 AlEY oS s3] 93]
PreScan?®] SEWA dagFo] #-&3h

14 A B ARA S el 201e] PCE AlEdH oA +37)

@ WAVE A A% AEgolgel F5wx &ue]E(PreScan)?] AE#Ho|AE PCo A4
=7 @A3 e BE, oed AHLES B4 A8 PC 20 ABdelie TR,

@ PC I= WAVEY] A A=< ANEHHE Helsla, PC I PreScan 75 % FaA v~
AR oo 3584 GagdEow T4,

® Matlab/Simulinke] 4 4918+ UDPEAS %3 PC T4 HA4E BSM 317 Ang
PreScan®.& A%, PreScane o|2]dh vlo|E]S wpgo g C-ITS ehdAMu|2~ At o A
goha b2 B% sl

prescan ®

MATLAB
- SIMULINK

== MATLAB
EE . i SIMULINK

PCI: 24 s 2+=c|+MAC

O3 31. 1% AlZelo|M

=
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2) VX B4 A A% 5T ABUelA BYEe 59 58
O the age MARTAClel sl BSM 7 Slo] ek $417]
9 B, 2elF Aldolde] o8 BS
Rk ER L

=
=y
Y
4
12
oX,
of4
9
-
]

Calculate path loss SNR
by distance

'

PER performance
comparison

No ﬁandom“
BSM Dafc!l<et «—_ value > =
receive failure ~_setPER.—

lYes

BSM packet
receive success

a8 32. BSM {2l 4 d=5 o F

ol

@ AU AE oG BE % AN TA AL AgdelEd s $27]s 5
&2 BSMe] 441 SNRE 744
@ BSMe] B7 ¥ SNRS ol §3tel, BelAS ABAClHANE 2 Aol £4 PERS 2
2 A4t AL 03 1 Aele] FUF AW RES
e e FE 2 gtel 29 109049 4 PRRY zmua BSM #70 %410] s
AoR

L

s

O

¢
N
o
=
2=
=
lo,
o,
o
-
rir
=)
P
o
>
=
oX
ol
ot
pory
o
fiu
mﬁ
n°('

O wiAl Ao} AFolA BSME 4 FA7IE Ad¥sh= 3A4S s, o) 14

@O BSM= A&starat sk A2 iAol J&5S 87l sl Wi AZE R EdAE 2A
317] 918 CCA(Clear Channel Assessment)ol|A] 7o) A4S A =3

@ Adol fF/deeta A A =H EDCA darelselAe] AC(Access Category) 5ol
w2k AIFS el AAs o] ti7] g Aelo] Al4e] o] Fol .

® o A7E oW e FFolE uh HL-E A7l AHHGH, Bie] B FES ob)s
%)
=

B2 2 A%e AR Be dud drAN0E el AAFES Avah

7o @ RS 1Buse TAE0] Yo 1usith Mo e trlaiAl vl 3
Ae|E F71H 0% A,
@ Wos A F o A ola) WATt A4 Fold Mese] RE BAL Wike] O]
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oA 71t

1)

Alzto] g7k =7 BSMe| I

Hl O X
Hh Q@ A

®

BSM transmission

Wait for new

transmission

Backoff time stop
Save to memory

START

CCA time wait

Yes

AIFS time wait

No

Backoff time set

Backoff time wait |[€&—

H
o
__o_

T2 33. AlZElold MAC AT Y1EF

3) V2X

¥
=
3
>
I

=
=

174 9] e sl

H
0

H

O 34. AlEao]d Aty
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