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ERTRAC : European Road Transport Research Advisory Council
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@ XISXt= ICT 7|= g€ w2t cv, AV, CAV, loT-CAV 2 HH

Intelligence
& L= Al R
UEE AT N
ICT E=9] 7
o %- :,” """""""""""""""""""""""" . loT-CAV
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@ CV(Connected Vehicle) : X} S X} + V2X Network
@ CAV(Connected Automated Vehicle) : X3 XS X} + V2X Network
@ loT-CAV(loT enabled CAV) : A= FH XS X} + V2X + loT Network

Applications

Internet of
Things

| EFRSK |

CAV

| 0Tz |

loT CJHIOIA
MBS, GPS

loT-CAV
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@ BSM(Basic Safety Message) HA|X|E F7|HC 2 HE : 102]/1X
O X2 ECU of HZAE|O Ao Sixl| S ¢JEf HES
O Of& AMH|A: v2v &4 7|8t 7ig BEo|3 E1

« MSG Count

- Temporary 1D

- Time

- Latitude

- Longitude

- Elevation

- Speed

- Position Accuracy
- Heading

- Acceleration

- Brake System Status
- Vehicle Size




GISC2020

Global ICT Standards Conference

@ N{Lc = EE FM

g Automated
@ Automated Valet Parking S ing
L H - s
;;::'ﬂ: o THX| F=H N :
= il N 4« 7 ;
ICT E=9] e
o_:ll IGE'I' ﬂ%" (A Mercedes Benz
BOSCH
uzs @O OV WAL O
c2 - RSE HE HB
goig /: . a
Z
= [
Volvo Platooning (\ e
£

Urban Driving




GISC2020

Clobal ICT Standards Conference

& = Al
NES 9ot

ICT EZ9

(o kely
1=

@ CV: C-ITS MH|AE
© CAV: 12883 d MHAS

2y =3
© |oT-CAV: C|X|E SHE 7|

A Data Rate(Mbps)
10,000

C-ITS
27

> PER(%)

N
Latency(msec)

HS35tH 100msec latency, 10% PER O] €8

M35l Latency<10msec, PER<1% E2
ZHZ MHIAZE NSSHH S at 2oto] of ¢

+ C-ITS: WAVE, LTE-V2X
« AIE2¥ETH: IEEE 802.11bd, 5G V2X
* loT: Smart Phone, Traffic Signal
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@ Wireless Access In Vehicular Environment 2FX}2| IEEE 7|& HEZF(2016'4)
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IEEE 1609.1 : Application, SAE J2735 Message Set
IEEE 1609.2 : Security
IEEE 1609.3 : IPv6 TCP/IP, WSMP
L Lo ALK IEEE 1609.4 : Multi-channel Operation
NN =]
ME 2 o6} 80.11 MAC : CSMA/CA, EDCA
d=E A 802.11p : OFDM
ICT EZ9 P
(o-ke)y osl
= Reference WAVE Model
Modelt
ApplicatiC_m. IEEE 1609 1 Management Data
Presentation, tal ' Upper Layers Plane Plane
Session __E _______________________ e, e —— ~
Transport Networking : uoP
—— IEEE 1609.3 Sl g:r?:;g IEEE 1609.2 e WSMP
—————— IPv6
IEEE 802.2 LLC Sublayer
Data Link | — — — — — — LLC
IEEE 1609.4, | \iaC Sublayer
— JEEE80211 MLME MAC| ZEIRZ
Physical IEEE 802.11p PHY Layer PLME PHY

WSMP - WAVE Short Message Protocol
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@ WLAN 802.11a OFDM Al Z ALE
- 10MHz Fi}= LY, 64 FFT
- 22| 1% o|F2 st ME A2t

; ; > Az
<>
| 8us |

Symbol Time

Parameter Value
Bandwidth 10MHz
FFT size 64
Number of data subcarriers 48
Number of pilot subcarriers 4
Number of subcarriers, total 52 (48+4)
Subcarrier frequency spacing 0.15625MHz

(10M/64)

Signal bandwidth 8.28MHz
IFFT/FFT period 6.4us
Gl duration 1.6us (6.4/4)
Symbol interval 8.0us (6.4+1.6)
PLCP preamble duration 32 s
Training symbol GI duration 3.2 s

(G12)

Short training sequence duration

16us (t1 ~ th)

Long training sequence duration

6.4us5 (T1,T))
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o
ITS MEQ} SCIRE MH{ZF HE 3 2 FE MH|A

i.ITS-GS /802.11p Short Range
- Communication
/ T - O\
Y
Roadside @
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complement
each other

Traffic Management
and Information
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-
-
-

@ é “” V
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IEEE 802.11p C{H| 28| MSHT
%|cf 0] 34 = 250km/h (28 Al 500km/h)

X4 3dB d5 &4

AKXl =8 7=

OCB C|HIO| A2} &= B EHY, &F, Backward Compatibility
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<IEEE 802.11p compatible PHY @ 5.9GHz)

2t
ruE O.T,“..

NS NS

< IEEE 802.11 ay PHY(Option) @ 60GHz

OCB : Outside the context of a basic service set (BSS)
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BSM Messages Broadcasting : 102]/1=

Sensor Sharing : A HE @&

Multi-channel Operation

Infrastructure Applications : 1% H|O|E{ C}22CE

Vehicle Position & Locations
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10/20MHz X2 M &

LDPC A Y2 X E5l0{ BCC 0f H|s 3dB &%t
256QAM : 64QAM Of| H|sl| 28 H|O|E] == SFat
i

El
Al

b= & O 2 PER A

- o

IEA=S HE0IK 1= HOo|E MHES ==

=
DCM(Double Carrier Modulation) =-235}0{ PAPR &4}
S QtE|LE HE

60GHz & 7|=2 ™85l cm & Ranging 75

LDPC : Low Density Parity Check code
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¢ 1% 0|F 240X 2| ds 4 : LDPC, Adaptive repetition, Mid-amble
. @ 1= h|0o|E| MZE : 60GHz, 256QAM, MIMO
MEE T o5 802.11p 802.11bd
ICTo:.Effg4 Tt O 5.9GHz 5.9GHz, 60GHz
. e ad Convolutional Code LDPC
MHS 7= None Adaptive Repetition
1% 0|5 &4 None Mid-amble
ME gl 7+4 156.25KHz 312.5KHz, 156.25KHz
Modulation Level 64QAM 256QAM
0|5 & 250Km/h 500Km/h

QtHILt 7| = Single antenna Multiple antennas
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@ 3GPP oA MEZ 42 7|4 R XHFSAMSE MH|A(C-ITS, XIE2FH 5)

o] 28 + Y= C-V2X BEES 7Y
7 =% AL
A = 0| -
d=8 AT se Rel.14(LTE V2X) Rel.15(LTE eV2X) Rel.16(5G NR V2X)
ICT BZ9
oIBH ARl ZaH
o= . HdHd To
. . Rel.15 A{H|A
— =2 QHH HA|X] ¥5& | . Advanced Driving .
HE MHI= | CAM. DENM, BSM) | . Extended Sensor, ;Jlﬂ'ca“' Group cast
. Remote Driving & =
End-to-end 100msec 5msec O|Lj
atency
PER(Packet 10% 1% O| LY

Error Rate)
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V2V & V2l : 5.9GHz & FIi+ oA 2] vav/v2l X|&|

V2N: €4 AIAHXIo| A8 Foi EH°”'01I*1 MEZ S

5G NR 7|=2 ZIgtEof 2} 7|=2| &&o| 7s
V2P: ATHE Zof| V2PE X|3Hs EAEO| LR
HAE M3 += AS
Pedestrian
Vehicle ‘_ RSU
e ;
= :‘ﬂ‘ Application

@ Server
0 V2N

Vehicle

Moke |91t 4G LTE,

"

EICHH v2p 0f 2ot QFH A

« V2V/V2l : PC5 QIE{H|0|A
« V2N/V2P: Uu QlE{Ho|A
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@ PC5 £M QIE{H|0|A = RLC/RRC, MAC, PHY 7|50] sligt

T

& = AL T S e - NAS
H=s A SDAP  --f--------1 -l SDAP  -{-------- - IPData
ICT EZ0)
oyt PDCP PDCP
RLC/RRC RLC/RRC
MAC MAC
PHY PHY

- / - % .

NAS : Non Access Stratum

SDAP : Service Data Adaptation Protocol
PDCP : Packet Data Convergence Protocol
RLC : Radio Link Control

RRL : Radio Resource Control
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@ 5G NR 8M7[=2| £
. CH5d <% : OFDMA (Orthogonal Frequency Division Multiple Access)
A= IOty: SC-OFDM(Singe Carrier OFDM)

=8 AL xjg Ao
MEZ QJot .MZE ds: LDPC
ICT &9 . MIMO Technology
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SANEZFSH|+ : ITU-R SG5, ITU-T SG16, ISO TC204, APT AWG
AFEhYEZSH7| 4 ¢ IEEE 802.11, 3GPP SA1/SA6, UIC, oneM2M RDM

- FUYEFIT HIXNSYDSHA L, HBTUKEH, AlEHEEFSTY,
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S MAAE 5F . C-ITS MH|A S H|SSH= WAVE/LTE-V2X X| &

TTAS.KO-06.0175/R2 : XtZHELA|AH Satgel: 27 AN
TTAS.KO-06.0193/R2 : AEHS L A|AH Satge2: OF7|EHl A
TTAS.KO-06.0216/R1 : A= LIA|AH Satge3: PHY/MAC

TTAS.KO-06.0234/R1 : AEELA[AE Satge3: Networking

A

=1 A

TTAS.KO-06.0479/R1 : RS LIA|AH Satge3: PHY/MAC(LTE-V2X)
A

TTAS.KO-06.0242/R1 : X} A

= | 2Bl Satge3: 88 ZE2EE QHEO|A
TTAS.KO-06.0344: X}ZFOHH

T £ QI3 ALY MAt HEX| A|AH! Stagel: R FAFE

Ich X X} #EX| A|AH] Stage2: H|O|E w2t
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HHEMAAH EZF : High Data/Low Latency 112
TTAS.KO-06.0487 : FHAIE2FH S 2ot SHAIAH Satgel: QAN
TTAS.KO-06.0505 : FHAEFTHS 2ot SLAIAE Satge2: OF7|EI A
TTAS.KO-06.xxxx : KFRFESAA[A Satge3 PHY/MAC 74|o(SD -TDMA) - 2020 S &
TTAS.KO-06.xxxx : AF2FS Al

TTAS.KO-06.0379 : S HTHSIHO|A St= 9l O|EHES Qo HA|X| &5 4l "X}
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@ |EEE 802.11-20161} 22H= 112{St CSMA-CA, TDMA A|AR] X
@ SD-TDMA, CB-TDMA S&7|=HF 7Y

GPS PPSAI?Jj ’_‘
F = A -

Ve '\‘I I/-' "\_I
*JE% -?—Itﬂ' S8 AS: Mulx g SEAHS: Ho Mg ‘ Hz Ty I:ID I:“:l
Time Slot q ;
ICT Ef Q.I Packet 1 I Packet 2 2HEE |
~ N - csh cs o s
et | T | f T B
[ HENY =2EF ] HUSE e o | o o[ | B
g 01F3k + s | |slg <l [s| |s
e ~. - ; (SN .
f CSMA MAC Y TDMA MAC A S:',_, —_— = g =
o JCma ] || Cnz ][ we |
le 10 msec |
I 1 T Framef (N-1) Frame # (N} Frame# (N+1)
| [ Queue | 1 | Queue ] | 8050 uses
. N S Beacon
- - | “slat | Contention based Slots DATAT Slots
L ! / II suan
22|75 IEEE 802.11p \( 22|75 IEEE 802.11p ‘ Jamwsen || swiees T Dates7
) /| 160usec | . 1780 usec » 1150 uses ‘_
[-“D|E1 %i | Beacon i _I o7 NE/ED M E BT | Data l
Mo He w - e Towd!
CNID & Chester Node ID
Nade i 6 * Tnodes ﬁrﬂ‘!\hll_fﬁ f_.'_ﬁ —— ]

* Nodie id TSt al oo M HF SESE BE st 3

CSMA/CA-TDMA A|&~E = SD-TDMA, CB-TDMA g4
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ITU_R WP5A 0| A{= WRC-19 Agenda Item 12(ITS FIt5 =3} ¢31) FZ

To consider possible global or regional harmonized frequency bands to the maximum
extent possible for the implementation of evolving Intelligent Transport System(ITS)
under existing mobile service applications, in accordance with Resolution 237(WRC-15)

WP5A ITS SWG O|A= v2X S4l Fht 25 A 81 3 A 7|

CPM Text : FI} 2 H°doj st L

FOt O H(TS_FRQ) : =2E/X|Y9E ITS Fo Y A1
ITS AMH|A 5 S 7}0|E 2}l H11(M.1890) =A]

ITS S8 MHAE g8t vax E4 7|5 H1(M.2084) A

ITU Z7HE2] ITS 0| 8 HE BEA A

ITS Mobile Handbook = A]

CPM : Conference Preparatory Meeting
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o [Ol=/78/ot S2 IEEE 802.11p J|8I9] WAVE, ITS G5, ITS Connect J|&
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Item WAVE ITS G5 ITS Connect LTE V2X WAVE
(o13) (RE) (L) (33) (33
Frequency 5.855~5.925G | 5.855~5.925 700MHz 5.905~5.925 5.855~5.925
Band(GHz) Hz(7CH) GHz(7CH) (1CH) GHz(2CH) GHz(7CH)
Channel 10MHz, 10MHz 10MHz 10MHz, 10MHz
Bandwidth (20MH2z) 20MHz
Modulation OFDM OFDM OFDM OFDM OFDM
Type (BPSK, (BPSK, (BPSK, (QPSK, (BPSK,
QPSK, QPSK, QPSK, 16QAM) QPSK,
16QAM, 16QAM, 16QAM, 16QAM,
64QAM) 64QAM) 64QAM) 64QAM)
MAC CSMA/CA CSMA/CA CSMA/CA Distributed or CSMA/CA
(Time Slot (Time Slot Centralized (Time Slot
based) based) Scheduling based)
Data Rate 3,4.5,6,9,12, 3,4.5,6,9,12, 3,4.5,6,9,12, 1.3, 3,4.5,6,9,12,
18, 24,27 18,24,27 18 15.8 18,24, 27
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= FCC NPRM Proposal 19-138

Shrinks ITS-exclusive spectrum from 70MHz to 30MHz
Allocate 20MHz for C-V2X and potentially10MHz for DSRC

L LOH A . .
;E: o'g: « New U-NII-4 has license-exempt rules. ITS users share this spectrum under
s fldl license-exempt rules with other users.
ICT E=9]
(0=he)
= =
/ Unlicensed U-NII-3 Unlicensed U-NII-4 DSRC C-v2X
\ L % y |

—
=
=
-
—
—
—

5.855
5.865
5.875
5.885
5.895
5.905
5.915
5.925




GISC2020

Clobal ICT Standards Conference

@ |EEE : IEEE 802.11P + IEEE 1609 Stack, IEEE 802.11bd NGV
@ 3GPP : LTE V2X, LTE eV2X, 5G NR V2X

= =3 AL
MEE oot ,
ICT X9 2 MHA
ore } N
I[EEE 1609 S Stack
(N 4

_______________________________________________________

IEEE 802.11P IEEE 802.11bd || LTE V2X oG NR V2X
LTE eV2X
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@ C-ITS 4T}
« C-ITS SML2 IEEE 802.11p, LTE V2X Access WO| 3=
Lo A . ITS CH¥2 OBE 7|51} UE 7|58 25 %

MEES 9JtH - 5G Y HES E310] MESE YU QoS T, Mobility AMH|A HZ

56 WE2 ¥ A /g

*

ICT EZ9
(0=kej ]
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ITs e+t | OBE v~ &g
~ N 02
Type | /NP EEY

‘4”9 : \
LTE V2X Y
msee [0BE []j- -t

Type 2 N EL!J
5G NR “
‘ UE E; |< """""""" 2 5G Network
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