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ABSTRACT

we propose a design method and process for hardware and software of hybrid V2X communication systems
that support both C-ITS communication protocol and Legacy LTE communication technology. The hybrid V2X
communication systems support multiple communication technologies of WAVE and LTE, in which WAVE
supports multiple channels, so that it is designed to transmit road information such as LDM and positioning
correction information to an autonomous vehicle in real time.

7191
V2X, LTE, WAVE, C-ITS

LM 2 wadAE A A0 HgsA A=

WAVE Z1dke] CIITS BAZZEZS olF T4

20139 FEDLFFAM CITS =t A+ Z2EFQ Legacy LTETA 7l&s 97 A<
& AASEA CITSY &ole 7]1E ITSOlA & st stolHZl= V2X Al %«l st=sjo] Bl
AP A 1TSe /Mdos Agstm ok 3 Lz ES ol g A Welks AAZT CITS

=& Egste F8 AXFELS AAH 1TSS A ZREZ2 A A 5Ho= s At
z7] £9< 93 CITS T2AES HIZHoT V2V(vehicle to vehicle) 5413 A 7]A]=-
FR8a o, FHE 9 Ve HE A B2 Z+%F 2 V2I(vehicle to infra) FAlo] E3}5 o]
ANE, ARS8 AYE 9 o2 3 Aol b AMuz o EFE Aol dol A detH,
sln ok mE, 438 5 MAZSS WAVE Legacy LTEx 1A, 1&F EXHO=E <) Ak
(wireless access in vehicular environments) & FE FAERGE A=-AFE FAE o] &F
A Z1RE kMBI AlE AEARI (RS Safety H GH(mEAHE, AXEHAUE 5) &0
P110t Model Deployment, 5 ITS Corridor %) Aol A3t Zlgolt}3]. & =& AAS=
B ol A = B A FH] Fo 9tk o] yo} o= V2X FAl RES B SVl

7} HEe CITS7|=e HeAoj7)ed HEs & WAVESH LTEE A3k, WAVE] s A
of A&FPor ojojd FHIE st AUTH1][2]. © BAd s Adeto, AL+ 2l

- 395 -



LDM(local dynamic map), SHEAHAHE T
E2ARE ANt R AHAIsr] A% EFo=
AAAY.

B =79 F8 FA4L v Zo. 230 A
283 3o A Z}Z SfelHEE V22X BAIEE
oA txld WAVES LTEES EHFgHo=z x4
st7] sk H/W AA et} S/W AA kS
AAG T, 47 AES D=L

. SIO|HE|=E V2X SAIZE HW &4

Hybrid V2X BAIEEY A F4& 2" 1
of YeRAATH % HAYo g DC 6V~42VY Y
g HAE 7Y oE F3lo ZE A
5V, 3.8V, 3.3V, 1.8V, 14V, 12V ¥ 1Ve AY
< Itk SystemFe ZEAAY FU
MCU, A& A NAND Flash, F ®W X2 DDR2
SDRAMS. 2 TA35+9th. FPGAY-E WAVE &
A md 2a1d g Hel sh& StEdoE FAE
t}. Baseband-ollA41&= WAVE =24l 1 8% 2
Z} 14-bit ADC®} 14-bit DACE T4 ¥t} RFH
= WAVE 1193 247 EdAY 2 LNA, PA,
SwitchZ T4 % RF Front-endZ 74 %t} LTE
F= M2 Slot =849 UHHA|2E zta
USB2.0 RNDIS W4o2 AZE{E Category 4
729 LTE REE TA AT}

V2X BAIRES AZEJS 28 9 A|xEH
L85 935 NXPAFY MPC51255 #8353t
MPC5125 A& dHug2 mds gASE
ZSAE AEFoE PowerPC e300 CoreE &3
A ZFolt}. g EELS Automotive GradeE A

System

BV ~ 42v) DDR2
Sw

DDR2

4
2

NAND | | IVF |

LTE B ‘

FPGA

WAVER E #1 WAVER B =2 Security

MAC PHY

Z

AC PHY ECC AES

Baseband

‘ | 14-bit ADC ‘ | 14-bit DAC

‘ 14-bit ADC | ‘ 14-bit DAC | ‘

RFE

RF Front-end RF Front-end

RF #1 RF #1
LNA PA M. PA
i

J% 1. Hybrid V2X Sl 25

-
»

"

e
i

&1 Big Endian F%2] MCU°|t}. MPC5125
+ 100Mbps °]t4l, USB2.0 Hi-Speed, CAN 2.0
AB, SDHC, H-§& Agl¥ FAI(UART, SPI I2C
5), ¥& vxy AEEZ(SDR, DDR, DDR2,
NOR Flash, NAND Flash, SRAM %)¢} Z&
tFgk oI H o] 2 E A U7

vzx LA RaR = —?Lﬁﬂﬂ 8 2 NAND

Flashg ©] &3 WHolH, ol& &3dte FE=RT
2 REE 731 g5 5 0SE §AlSHH
ANz=" & l AL EE AA A

Hol~M=E W wdl 2+ gloldy FIE 93
Y FHE AFIEE R IDCA}«I
1CS553

g HAHE 24%0}01 2ot =E 73
R £ SBTO27-40. 000° E

2 A kA3 E HoH NEW °Z 01ppme A

= 7 _‘—_ 40MHz g-e% A ﬂ%o]r,]-_

H 1~ WMo £418 g93slE DACE oF%
ol AFgojx AAE A AHEZFHolH
eS8 14-bit 125Msps B S e
Analog DeviceAle] AD9767 AlFo] &&= ATh
RF EZAHE thojutdele] gh3o] AYd A<l
Z4e % =29 9 1/Q 4Alz 9 DC offset
S A8 9g 9 F dlolojx~ FE2E F
7bste] wWolawE 4 FHS FUs =S
A A 3 o

o] ~ME A Rol= WAVE 419 2|
g9 4, 1% dHold, A4 FARE T
A TS Aty €L tolyd #HAAE &
H3EE Analog DeviceAl®] AD9248BCPZ-40
A Eo] HLHAL FAFAE AHEHH F
fﬂ S 913l 40Msps *é%—% ZH= ADC7F A 45

o FAR9 TolyHe RF ERAHL &
E%‘Hdﬂoﬂ oA A=A

Hybrid V2X %4lEE9 RF EdAHE
Maxim IntegratedAt2] MAX28295 & -8-3}% T}
MAX2829+= Wi-Fig EIAHZ /L= A q
Wie Fa¢ FE7Y GRS A3k
5.855GHz~5.925GHz 9] ¢ jz—i}# o] 7hs
sl WAVE BAlo] A8 4 it RERO%
o]z~ ER ol FUsHA O‘lppm AU
40MHz 2%<& 83ttt 198 2& RF EWA
HE 8 2=t

RF EWAIH 2 TDD(Time Division
Duplexing) &% 2 &4 4% FFE {3
RF Front-end¥-ol= ¥4 PA, 4! LNA ¥ RF
Switch7} &&=t %4 PAE Peak Power
33dBE A Y3lE= SKYWORKSAFS] SKY85405-11
A Fo], 4 LNAE 13dB ©|5° 1.0dBe w<&
Tol& EAE PR SKYWORKSA}2]
SKY65404-31 A|Fo] HL=HATE T3 FAlH
T BI8% AUt SEFHo] FAHAY PAY
g&o] "HojxE RES WA fsd PA
¢} o] muRataAte] LFB2HS5G78SG7A175 RF
e s FEr 85U

- 396 -



% 2. RF EHAHE =2 32

3GPPl A A 9J3stal 9= LTE Category B9l
of M=™W Z Category= Downlink ¥ Uplink
9 &x9} AME3lE 3GPP EFE # ol wal 7
EHT =S 2 SAAY &8 AAo] met o
Hlo] 29 £R/E UFo AR 7153 Category
7} dejdrh

Hybrid V2X &A&A+=  Machine to
Machine(M2M) Hulo] =2 EFHM AE 7+
3k Category= O0FE 4714 o|tf. o] F
Category 0% IoT HHlo]~g o2 AEHW F
A &7t wg gk Category 158 37FA &
7tE &4, ©]F2] Gateway, Router o Ab&
=™ Category 4= Downlink 150Mbps, Uplink
50Mbps®] HE HEE 2zt M2ME Hupolx
7} A¥steE 7H &2 Categoryolth. £ AT
Me Fd T4 dAJD sKE#HFe] M2M TiHt
o]2~% AE3te] Hybrid V2X 54 89| LTE
BE FHVIE st KCeF ¥ SKEHEFE &
A% JIEE B3 AMEHEF A
AMMS571SK BE&< A3

AMMS571SK 252 3 Al MDM9207-0
23S ALg3H WCDMA/HSPA+ % LTE
AL APt 3G 9 4G FAS ALTT
WCDMA 9 HSPA+ §41-& Band 1& A 3}H
LTE 541& Band 1, 3 2 5& A3t
AMMB71SK EE-2 MDM9207-0, W 52|, RF X
HE d=, WTR2965, PMD9607 2 <RIE]# o]~
ANE 2 A9

. Slo|HE|E V2X BEARE ATEQ o]

Hybrid V2X FAREES Y= 252 7]
Hho| A T2t =S AT ek WAVE 9
LTE 54l #d" =eod, oqZgAola 4
ZEJo T2 x5z 7Wer FHHo T
gt

CITS B4 Z2EF AZEYoE v 2

)

of A Al 7HA Yoz et

* WAE(WAVE Access Entity)

gh=(ul ), Y, g8 v2X 54l #4d 58
ol AHYsta = MAC/PHY A= 7%
dstH, 714 ddelx T2

* WNE(WAVE Network Entity)

Shar(r =), Y, 989 V2X A #4E E2E
oA Aeosta gl= WESA AS 3 A9 A
T 7lse 7S, fA dARelA F3

* API(Application Programming Interface)

Mul 2 o ZelA ol Mol 2t Eze] AL AR
g AHgste] b viAAE ned ¢ AEF
APIE ZholEEe] JH= AF.

3

o] Zg] Aol o] WAVE EIH o] ~E F3) IP
sAle F3Y Afol= WAVE AP} obd €
w2 7140 23E ZF &7 dHAlx B
TCP/IP T2 EF 28-S AE-3r).

CITS B4l Z2EZ »81& F5A7]7] 43
Ae et 22 35 39S FAREY &
2 stof A3y

* wae-{version}.ko

WAEZ|'s& 73% 2wz 7d=gtoly nt
ol 2]

* wne-{version}

WNE75< 783 g
ol g

*iw

WAE/WNE Ao g E

* mlme

MAC A% Ao FE g

* runWave.sh

WAVE Z2EZ AZE0] FF5 ~3YHE

oAl #t

W
[

o] 9]o T FHIEIE AEste ZEE
g 2°9& AAY Ee oFAolMA
g APIE ol &3t AH Ad 4+ Ioh

BEARE AoA “runWavesh” AIAHE
AP CITS B4l Z2EF LI EY 7}
M, o]F Z} ojZgAolHAL CITS B4l =
EEZ &2z EJo7L AFste APIES ©| &3t
o CITS B4l 715& ©o]&8 & th

Hybrid V2X TAIRE H&H AMM571SK
LTE =& USB T+ UART SIHHOAE &
3l Z2E9 AZA"EY. UART e Ho|AS
ol g HAE AT AWMEE olgsto AHE F4l
< 3 EW USB QHFH O ~AE o8 A
AAo] wa CDC-ACM, CDC-ECM, RNDIS,
RMNET, MBIM EEE AEE 4 Qg 7|&
e 7 HEHOZ AMEEE RNDIS BE o]
. B =REo] AYste LTE Category 49
Downlink 150Mbps®] &4l £5& AL ¢
HE=A] USB QlEjHo]~E %3 RNDIS ZEE

= IR

- 397 -



Abg-3lejof gth RNDISE &2 Z81-0-Zd
o] WzoA WESZ tnte]l2E 93] wiel=
EAZEAA RS =g EZo|th4]. RNDIS
= USB Communication Device Class Version
1104 AHo)H Abstract Control =& AF&3}
o] USBolA AY=E™ o] wel A tiE
9] 0SollA USB & 2 =ghoHz 7187
o2 YA

Hybrid V2X B2lE2E59 LTE AZE{E
TEA77] HslMeE B2 dags 38 "o
7F §lol, EE oA AAHeR F3dn. &
ARE BB A, LTE REL AAHoR %73}
Ho SARE A|2HoE= USBE dZAdT

o] & LTE E&°| g7 T8ty A=
LTE =& u%%oﬂ T39 DHCP A8 Z2E IP
E g9 wolop 3k AMM57ISK LTE EELS
Yo LTE E41%3 USB RNDIS QJE|H o]
bl BEA] 7)5E TFHIY T2E ALo]=o
A A TCP/IP T4ldl A 4 Jor g
3 e o g Ip ggo] Jhsdit)

« lsusb WEHOE LTE REY A4 AH
gl

il

AMMS571SK LTE =& RNDIS =& A3
Al VID:1ECB, PID:02052] # < zte=th 32E
9 USB XE°] A4 ¥ 529 Isusb B H
28 g AU & AAFEJE=A FHl &
At

¥ o

* iwconfig WHOE usb0 UEH |~ FF
<l

Y529 iwconfig BWE-S E 74 <dHA
o] HAL 93 wHPo|xuk, tlulo] X Tglol

Hol Add WESA Hufo]lxo HAEE B
T 71%°] . iwconfig ¥ < AH&stH o

2" LTE ZE°] UEYZ fulo]x =52 A
2o & FEHA=A FHAT 5

* udhcpe -iusb0 WHOE P 537 &F
L./: A z="lol= dhepst #HEH 7)Eo] 7]
o2 xFEHAJA gt wekx DHCP 7]
5= A}ﬂ 171 9138 busybox 85 Ab&afiof &}
o busybox F9 ®YEZ Al DHCP client 7]%5<
A 3le)oF 3. AMMS71SK LTE &2 DHCP
A E 53] E2E0| IPE 53 93t} uebA
9 33 #Zo] =5 dF F A% C 2 udhepe
-1 usbO(QlEIHlo] 2~ o] §) HHS 53l vESNZ
AAE st dF HHS F H IP, NETMASK,
DNS A A7}x] 25 o] Fo L},

" m

I rie
o JN vl

O

a2l 3. udhcpc BHS 5 IP S5

o
on

v. 2 2

B =RoAE CITS BAZEZES ] o) &
E_E_EE’—OI Legacy LTE %4l 71&<& 3
= slolBEE V2X BAREY =90
2 i#E%IOMl gk AA Weke At A
stolBEE V2X T4l g AAWAdAE
Bol EAV|EE WAVES LTEES A Y5ty
WAVES] tside EFAQd S4& A==
Sk Th

gL T B3E FARES o83 54
H2E AFE dPsta, A&y =& vaX
SaTFdo A8 o Aotk

A rz
Oll

ACKNOWLEDGEMENTS
B d7eE AAEdAER s 1631}52}6“
A71EMEAYG 9 HITJJrzﬂol “AgFE AUE
V2X SAIRE  7HEH(10080063)” JMH Aol
o FFHAFU

o
ok

=]

[1] Kiteag Lim, “Vehicle communication system
technology evaluation and management
service,” KEIT PD Issue Report, Aug. 2016.

[2] AASHTO national connected vehicle field
infrastructure footprint analysis [Internet].
Available: https:/fwww.pcb.its.dot.gov/t3/s140522/
5140522 _cv_footprint_analysis_presentation_garr
ett.pdf.

[3] A. Vinel, “3GPP LTE versus IEEE 802.11 p/
WAVE: which technology is able to support
cooperative vehicular safety applications?,”
IEEE Wireless Communications Letters, Vol.
1, No. 2, pp. 125-128, Feb. 2012.

[4] Overview of remote NDIS (RNDIS) [Internet].
Available : https;//docs.microsoft.comyen-us/windows-
hardware/drivers/network/overview-of-remote-ndis
—rndis-.

- 398 -





