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DSRC] Futa= 9l 2h 7)ot At - 418kl

L AE
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System) A& AT FAl FARAOR AX A AAACR B2 S aa AHsH Al
AEO] FAl BER ARGE]IL QlTt, Shatol Al TTACA - 332 14 0] A =glon
St Al A AR Foll Qlet, T3 tf Aol A= A AlAlolA U sHA] DSRCE ©
Qo) PoAuRS JLzsle] WEAN LT AR HA A AlaH o7 &8s 9)
M2 A4S HEAN A2 oM %E DSRCE of§sto 5744 #ut ofyzt E}Ot
SHITS AH| 20k A Aol AL QIEYl Au| 2714 A8k AL thgRt Al=E }F— Ak,
AL - w]efoll vheket A1 SAL BHAlo] EASHIAINE DSRC SA ’HA1E = 2
& Atolof] T AFgFAtolo A A1 Sl Al AHIAE Algshe v$ 73‘25 7]

=o| & Jlojt.
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2. FCC(Federal Communication
Commission) 9] F3} Huj

984" 6Yoll FCCOoA] 1LAgF DSRC Futes H-ajjok
< X DSRCo| tisf ok go] Aolstar it =,
DSRCE WA 9 2 2] Abolof| - ahg 2] Abo]
off, Fof AR} Ak G| AtolollA] ©AE] vl

el Wt 7R T B 9 4G e

mlrL

5 55T wE M, Ve A5 i 8 AH|2of
A E =9S =3st7] g Aok, E3F 5,850~

,925MHz t<ollAl 750mW(28.8dBm) ©]Ae] %9
< 9 = glom QMY o] 5% H o 16dBizkA o]t <t
HlL} o]50] o|Hr} & o= o]5UEY] &S =

olof 3t} 2 EIRP: 30Wolth,

4 flo 9 ¢
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'994 10¥49] FCC MAIE B 5.850~5.925GHz
9] 75MHz W9 ITS A3} AH AR 29 %= DSRC
5 o] &3l o] 5FAl Au| Ao Fuljstict, o]7] A £A4
93 B} Fuke M 5o V1R Vs A
Z(H SFolaL, B|7ke} AfE| A A+, Fuk Al ﬁlﬁ >

5739 skl AEE= 3 ]| wep 2%
H%E}. o] A4 vt 9o} Ao vlar il
71%Al§ﬂ BEYE NS ffet HAE 15t
ITS AFJA S T} 7S 57] $1gt Ao},

= OHH_FIO

2002 7€ ITS AmericadllA] FCColl A&t @
S WA= o] 7hA] w RS Eghekal Q) ITS
Americar Z7]5E FCCO 5.9GHz t]<]¢] DSRC&
Fo4 2l RR5He S 0|3 DSRC B4 714 7
ol 2 ofabe 5as)a olek () o] BuAo] BHe
FOCe] 3{7ke} Al 2 0] Tt -2 Bish] 9
gk Aol AA ul=te DSRC +42 ASTM
(American Society for Testing and Materials
International) E2213-02: Standard Specification
for Telecommunications and Information
Exchange Between Roadside and Vehicle
Systems— 5GHz Band Dedicated Short Range
Communications(DSRC) Medium Access
Control(MAC) and Physical Layer(PHY)o|t},

2.1 HiZE

1) ITS2E DSRC

B AAL oS AAR HBE FA st FA
o] t|$- a5tk DSROE: ol 71 ITS §-8 AJuj2

of 2HgEu] TS Hul2olt DSROZE Hsh e
A2 Qlek, DSRCE B4l 9ojo] Zo} B4 Zapt

S 75 4 9lo] 1ok 7o) sl
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2) it ITS Z2I2 H

o1dof w=r 93l wEAolA plmiel ITSE A
wela pEeEE 27 Wee Ags .
(Intermodal Surface Transportation Efficiency
Act of 1991 :ISTEA) 12]aL 209} Ee19] 7152 vh=
o] WEAo| &7} ITS T2 ALy} =7} ITS o]
845 2Hdete s stoiet, =7} ITS of7|el A 7l ¥}
oA n&om FsHs A e A Abolof Al
A=A 9 SAle #sh7] §18) DSRC A&
a7t asteta el Sjsi osull 4
9] S WS SR 95 20001
214171 1% FHW(Transportation Equity Act for
the 21st Century 'TEA 21) 2.2 oF 209] &9 7}
2191 Aol mrA = Sk, o] U2 =7} ITS 2RI
Aoyt =7k ITS o |9 A5 Hekshal afg 9 7|4t
7ol it i W ZRES A5 R mA] 9 AR

o] 5 5ol AFg-Eth

3) FCC2 DSRC& It 2t

9749 590 ITS Americas FCCo| 5850-
5925MHz 8| DSRCE Fut4= & A4 sk3Ict FCC
+ 984 6ol Bl WokE aAlEkelal "99d 100
T5MHzE A &4 olF ATt HH]*E wafskolct.
ojuf A|A| zt=to] Fubs ALE- Ale] Ak Huap £A4 A
A ol =it

4) ASTMQ| DSRC &3t IF

WEAO] YL Whol 991 gYHE] ASTM WG
E17.510014 DSRC #<3} 2¢fo] AJ2HE|qltt, 3= 74
go]l 9lo] DSRCE o83t &5 ¢ S-8Au A7} 7}
A Aol o] AgollAls AFEAF T ARS THE
ofaL o AgAte] w2 A"k 714o] 7bset IEEE
802.11a5 7|Rto.& 3H= 1218 20028 59 1049
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HhS Aol

5) ASTM E2213-02 DSRC 4

DSRC &&] A& MAC A% IEEE 802.11a%
7lHEo. & Fhn] w]ako] UNII WHEs 5735-5815MHz
2 DSRC EHOﬂoﬂ o]z%gH OIODf—IL U/\-]EH X]—H]7]—
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6) ITS America
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2) DSRC &4 2.3 Y zHE A=

DSRCE ol&sto] FAASIAY S4841s &
A L E =] 1-
AT A BuE %L; 2 AR A
VoIP, Voice XML %2 753 Zlojct, 184 ITS
Americafll A= FCCE A9 Fof “B|SA™S AMAIE IEEE 802.11aZ 7|HFo.2 1= DSRC H4le ¢l
AL Alokelt}, kgt T o] DSRC AJH] 4= 15m ©] o) FAL k7 WMo st = wAl SH7olA] ok
o] 4l 74£'IE SR P I R i A L g b ol AlZAQl= BAIL 95 el Zul2=o}l o]
SAZ A 5E flaiA= 1000m A E7RA] A o] A &, A o 5ol oF 1/22 Fofof gttt 7]
o B8 A4 GMops o4l FlolE] B SE o) 4 =gl Ae) A9 B2 o o
S Agsfor aivh ASTMO] A W o 2 ) Rol e AES v 4 ok b @ Ade
4741€] OBUSH RSU9| 41 &4 5] it 9= 10MHzo| 3L dloJg] A 45+ 6MbpsolAl

2TMbps7IA] o[t}
H 1. DSRC &4 2340t 841 72

Qo= Ao} AT} Au| A Aol o zbzh

Class Maximum Transmitter | Maximum Transmission 3,4,5, 6,9, 12,18, 24, 2TMbps® dlo]g HHo] 7}

R g ek, mhek 20MHz9| &4 Aol olehel 6, 9, 12,

Cless 1_| 10 dBm ERP Up o 1o meters 18, 24, 36, 48 and 54Mbps®] Ho] 7H53ltt. 6, 9,

Class 2 | 20 dBm EIRP Up to 100 meters 19Mbpsts BE Au|2el oA A YElofo} s},

Class 3 | 33 dBm EIRP Up to 400 meters 11]01 iﬁéiﬂ 7§—or EE]?E Bo 3Mbps°]xl‘ﬂ UﬂA] X] X}
Class 4 | 44.8 dBm EIRP Up to 1000 meters

5.9GHz DSRC BAND PLAN

Shared Public Safety/Private Dedicated Public Safety

‘ Control Med Rng Service Short Rng Service High Avail  Intersections

I I I

_Powerlimit . 44.8dBm  _______________A0dBm_____________

_Powerlimit . 33dBm L.
Power Limit 23dBm

| | uplink & KT
|
l ,,,,,,,,,,,,,,,,,,,,,,,,,, Downlink y y |

Public Public Public Public Public  Public Safety/
Safety Safety/ Safety/ Control Safety/ Safety/  Intersections
Private Private Channel Private Private

Ch 172 ch174  Ch176 Ch178  Ch180 Ch182  Ch184
e A O O O ?\ \ [ \ [ [
w o w o w o wn o w o w o w0 o wn o wv
o @ (32 < < 0 Yol © © N~ N~ D D o -~ N N
© 0 o e} @ @ @ o @ © [ee] © © (2} 0) (o2} (=} (=2}
[t} [t} [t} [t} [t} [t} [t} [t} [t} [t} [t} Lo [t} [t} [t} [t} [t} [t} [t} [t}

Frequency(GHz) Canadian Special License Zones*

a7 1, 0= 59GHz DSRC #E A=
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A= 6Mbpsolth, Y 1749} 176, A 1807} 182%
Fuk 24718 o8) 817 49 2+ 20MHz2
A 1759} 1810] Frh, WA SMHz= 352 AH-&
el FAwEeh Alo] e Sal s OBUOIA T
A AL ok dlofE] g o AR glofd 5& W
ek, Alo] Aqdat Aus AdE et o= a&
Ip AuA 0] AS Hth3} sfal AH|AZRY] TS 0]
7] ¢Jgk Alo|ct,

2) Hlof z

17841 Ad& Alo] AE R HE OBUE Ao Ad
& Aoz AMsn RSUR HE o dgolu) glo]
Bl A AL HARE LA Ao A e] BE o
OJEf:= 200ms ool HEE|ofof afnf Apde] AoH
7|2 e EHL Alo] AdoAE T b HEIE =
E AP AR R S48 200ms Bof 2 AM b

3) MH|A 2

Aol s Foll AR wIAAY Aol7F 31 F

(e}

= O O
o WAIA] Fo] AEHT FE WAE Y s A
of A AeE A+ 7|¥(Carrier Sense

= 7l
Multiple Access: CSMA)S A&}

Az} A 2] wel Zelo] 27)7) Algein,

H 2. RSU2} OBUO| ot Zt zfgH &4 &5
| =k e Hs =X%=(dBm) EIRP(dBm)
174, 175, 176 288 33
178 288 448
22 o
180, 181, 182 10 23
184 288 40
RSU
174, 175, 176 288 33
178 288 33
Ard
180, 181, 182 10 23
184 288 33
172, 174, 175, 176 288 33
23 o
178 288 448
0BU
172, 174, 175, 176, 178, 184 288 33
AR
180, 181, 182 20 23
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2) QteLt 3. 5.9GHz DSRC ¥ #%3} d3}

FCCOIA 3= &3ARE ITS Americat
RSU SHElue} $2]ofl sl st =71 AQtetet, 8w

-

Ao s A5 2T} ujo Bo AuaAw = UJ%Q 5.9GHz DSRCo| thel =5} A A= ot
B RAFY ol 2 Feow fashs g ool DSRC W ghael ofe ol e o
S Qlek, ShARE ol A9 olelt ol maple) = SERH W TRkl ] vhitels e 2
A o 6m ol4o] £l T} RSU 4] 2 gpgg v DSRO ZREE ARl 5ol Al MAC A2

[EEE 802.11a 725 7|Wto= gt A o= ASTM WG
E17.5100 A Zirsglon 229> "E2213:
Standard Specification for Telecommunications

A 4= Qlch, whebA QHEU] zolof whE o]5E KA
Sk 8a7h ot o] Aol gk ojof gt
ERP(effective radiated power)”} 20log(Ht/6) BH

awolof gtk (Hy: E2Wo2 HE o] obgu} o], and Information Exchange Between Roadside
chol: u)g)) and Vehicle Systems’ o[t} ©] 42 thA] IEEE
802.11WG2| TGpollA Het &¢jo] o]Fo] A &

200349 129 17%] FCC+= 5.9GHz thefollA 9] [EEES] +A 22 AAE oAolct A 20049 9¥
DSRC AHA A4S 4elskelar, 20044 9Y 300 [EEE 802.11WG 2]2eflA TGpe] Alde] selwgle
DSRCY 3)71¢} $57] 914 S5l g Alds o= o A EE 2Qbef| gt Wk AAS fegolr, o]
I} o] FA8kaL 20049 109 19U%E DSRC 3|71& Z ¢l & ISO/TC204/WG169 CALM-M5
7|2 skoltt. AFHEAR= DSRC AHIAE 817] f1alA] (Communications, Air—interface for Long and
« WA AY s7HE FS8oF skl DSRC HAE Medium Range—Air interface using 5GHz
=gs5t7] Aol HA7] YA E FF3lof 3t} 55 vl§ communications) %523} Z9lo] ol@ o] [REE #E
< RO, AT} A HAlo] SO FFORE AYE Ao 9

APEICE o] A$- n]=9] 5 9GHz DSRC #70] 4|

o] Ak st

1
OBU , IVN
1
SNMP agent 1
App 1 App 2 App 3
(RFC 1157) PP PP : PP
UDP(RFC 768) | UDP
SNMP , Networki
MIB ; ; _ etworking
Networking Services(IPv6-RFC 2460) i Services
o IVN | IVN
(802.11) f f .
Logical Link Control(802.2) L2/L1 ! L2/L1
WME |
(802.11p/1609.3) Chaanelizer(1609.4) '
MLME Notes:
802.11 : « Each device may have a single SNMP
( D) MAC(802.11p/ASTM E2213)
manager servicing multiple applications
* Role of 1609.1 & 1609.2 needs further
discussion. For now, the applications are
PLME PHY(802.11p/ASTM E2213) shown in a general context to focus on
(802.11p) the lower layers.
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J4ke] IEEE Intelligent Transportation Access in Vehicular Environments WAVE

Systems Council SCC32 $1¥3]¢] A|¢& o} 7t Resource Manager

Tt AES e Ak

- P1609.1 : Draft Standard for Wireless

- P1609.2 : Draft Standard for Wireless

Access in Vehicular Environments(WAVE)—

COMPUTER
CALM APPLICATION INTERNET
MGMT MANAGER APPLICATION
UPPER APPL LYR Transport/UDP/TCP OTHER
OoBU SysTEM | LAYER TS
LAYER MGMT UDP LYR NETWORK LYR Application
MGMT 1S0 21210.1
NETWORK LYR
NETWORKING SERVICE 180 12101 WINLLE
CALM METW ROHC RFG Layer 3 | Routing
MGMT MGMT 23095 150 21210.1 DEVICE DRIVER
LAYER DSRC LLC 'N'%Eg,'f\:,'gig:mg“ IN-VEHICLE NETWORK CONVERGENCE
SME MEMT | psrc MACEX IVN LLC IVN LLC
MGMT
SME/ DSRC MAC IVN MAC IVN MAC
MLME
PLCP/
PLME DSRC PHY IVN PHY IVN PHY
I

A

IN-VEHICLE NETWORK

a2l 3. IVN(In—Vehicle Network) Z2EZ 71X T

2002 2003

2004 2005 2006 2007 2008 2009 2010 2011

Standards Development

( Architecture Standard ]
‘ '

ower Layers(LL)

|~

[ IEEE Upper Layet

- - Original
- - New
D - Industry Only

Public Awareness ]

Initial New Product
LL Test Standard Certification Certification
roduct Developmem]—»[ Production ]

Standards Maintenance
s
al Industry and Government Application Development

a3 4. 59GHz DSRC2| 7 Al
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Application Services

- P1609.3 . Draft Standard for Wireless
Access in Vehicular Environments(WAVE)-
Networking Services

- P1609.4 High Velocity Mobile
Communications Medium Access Control
(MAC) Extension

4. 5.9GHz DSRCY] Z 8 Au]A

TTA Journal No. 98

5. IEEE 802.11p2] PAR(Project
Authorization Request) 8 W&

Al 200km/h OO R FeYEh= AFRFARO]O]A]
E= oF Tkm A7IA] 9] W A9} Afgg Ato] 9] Al
o] 7}535lEE [EEE 802.11 249 £2& vt 4
ofc}, o] B2 u|at YojA] 5.850~5,925GHz H o]
A AR A 9 A sfA) sl o] FAd Tt
S ST 7] I Aot

DSRC APPLICATIONS

PUBLIC SAFETY

APPROACHING EMERGENCY VEHICLE(WARNING)
ASSISTANT(3)

EMERGENCY VEHICLE SIGNAL PREEMPTION

ROAD CONDITION WARNING

LOW BRIDGE WARNING

WORK ZONE WARNING

IMMINENT COLLISION WARNING(D)

CURVE SPEED ASSISTANCE[ROLLOVER WARNING] (1)
INFRASTRUCTURE BASED - STOP LIGHT ASSISTANT(2)
INTERSECTION COLLISION WARNING/AVOIDANCE(4)
HIGHWAY/RAIL [RAILROAD/ COLLISION AVOIDANCE(10)
COOPERATIVE COLLISION WARNING[V-V] (5)

GREEN LIGHT - OPTIMAL SPEED ADVISORY/(8)
COOPERATIVE VEHICLE SYSTEM - PLATOONING(9)
COOPERATIVE ADAPTIVE CRUISE CONTROL[ACC] (11)
VEHICLE BASED PROBE DATA COLLECTION(B)
INFRASTRUCTURE BASED PROBE DATA COLLECTION
INFRASTRUCTURE BASED TRAFFIC MANAGEMENT -
[DATA COLLECTION from] PROBES(7)

TOLL COLLECTION

TRAFFIC INFORMATION(C)

TRANSIT VEHICLE DATA TRANSFER(gate)

TRANSIT VEHICLE SIGNAL PRIORITY

EMERGENCY VEHICLE VIDEO RELAY

MAINLINE SCREENING

BORDER CLEARANCE

ON-BOARD SAFETY DATA TRANSFER

VEHICLE SAFETY INSPECTION

DRIVER'S DAILY LOG

PRIVATE

» ACCESS CONTROL
+ DRIVE-THRU PAYMENT
* PARKING LOT PAYMENT
* DATATRANSFER/INFO FUELING(A)
- ATIS DATA
- DIAGNOSTIC DATA
- REPAIR-SERVICE RECORD
- VEHICLE COMPUTER PROGRAM UPDATES
- MAP and MUSIC DATA UPDATES
- VIDEO UPLOADS
« DATATRANSFER/CVO/TRUCK STOP
* ENHANCED ROUTE PLANNING and GUIDANCE(6)
* RENTAL CAR PROCESSING
* UNIQUE CVO FLEET MANAGEMENT
* DATATRANSFER / TRANSIT VEHICLE(yard)
* TRANSIT VEHICLE REFUELING MANAGEMENT
* LOCOMOTIVE FUEL MONITORING
» DATATRANSFER/LOCOMOTIVE

a2 5, 0|=2 DSRC AMH|A EF
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