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ABSTRACT

The IEEE 802.11p/1609 standards define the WAVE Independent basic service set
(WIBSS) for vehicular ad-hoc networks to carry out vehicle-to-vehicle (V2V)
communication. However, the design of a WIBSS cannot utilize the multi-channel
property of an 802.11p/1609 network. To make use of these channels, an extra protocol
iIs needed to negotiate and synchronize the channel used among nodes, which may
complicate the design of the MAC layer.

These observations motivated us to find an easy-to-implement solution for it.In this
thesis, we first observed the performances of several common routing protocols (such as,
AODV and DSDV) in 802.11p/1609 networks using simulations. From our simulation
results, we concluded that transmitting/broadcasting control messages of routing
protocols in WAVE Basic Service Sets (WBSSs) is inefficient for routing protocols. To
solve this problem, we propose a framework that transmits/broadcasts routing control
messages using WSMs while data_are _still, transmitted in WBSSs. Based on this
framework, we further propose two MAC-layer WBSS-creating schemes to realize
multi-hop data forwarding-in WBSS-based networks. We compare the performances of
802.11p/1609 networks using-these two-WBSS-creating schemes with those of 802.11a
networks.

Our simulation results show that the performances of routing protocols under
802.11p/1609 networks can be the same as those over 802.11a networks as long as in
802.11p/1609 networks routing control messages can be transmitted using WSMs.
Because 802.11p/1609 networks only use a half of link bandwidth to transmit data, the
bandwidth that can be used to transmit data is a half of the bandwidth that can be used
in 802.11a networks. However, due to the multi-channel design WBSS-based V2V

networks, can outperform 802.11a ad-hoc networks in several conditions.

Keywords: Vehicle networks, 802.11p/1609 networks, routing protocol, wireless

networks, Ad-hoc, multi-hop forwarding, 802.11a networks.
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1
Channel Guard

2 interval
Contraol Coaontrol Channel Service Channel Control Channel Service Channel
Channel Intereal Interval Interyal Interal

B] 3.2 The Bandwidth Division of an 802.11p/1609 Network

PRF%FE e

WAVE service =4=4~8_d % i provider application = WME % 1) & &>
provider & = i = ¢ SCH F 3t +4c & advertisement # o 4% iE 3% 9 service
F 3% 4§ e (persistent) 7R -4 % 41 advertisement ¢ destination MAC address
% JE H_R 4% 0 (broadcast) @ F & 4z & B CCH interval & 3 i¥ % > =%
(repeats) advertisement - 4-% % §_ persistent service R destination =3 MAC
address ¥ 14 &_ broadcast = % ¥ 2-i# % (unicast) > @ ¥ %3 &% -  CCH

interval 4 % & % ¥ — = advertisement -



WAVE device & qz3| advertisement {54345 H p v PSID &k 2| %7 £ w844
provider application » & * 4 % service i (priority) > 3.3 (credentials)
EE o 4ok if it srnE WME 7&:{5 4 2 MAC T = SCH interval & &%
3] advertisement #73 &1 SCH o
Service advertisement =7 destination # F & % i¥ Fr:% (acknowledgement :
ACK) ¥ source- #1124 provider application 7 ¢ &rig 5 v8& WAVE device 1
3|7 advertisement > » % ¢ frig 3 w8t WAVE device = % user 4c > 7 iz iR

service o

WAVE & sud i€ :

# service kA T iE T

WAVE device iz 7 2= service i ?J‘ i & WSMs # CCH
T o T JE_source 1 % destination application F Y5 i {7 s kK
s

g °

B Source ¥ fiE M G R AT LK T HE P oo MAC address
broadcast MAC address > 2. {s3k%. WSMP &% #c - 1518 WME #7i% &
sk A Jf i (primitive) WSM-WaveShortMEssage.request #= 3 4L 2 %
#4 v WME - WME ¢ §Te+ application # WSM % 5| & & - & (& T4
g 12 WSMP #f#¢ #7558 & CCH + i 3% o

B Destination 4z 3 WSM (& » WSMP ¢ 245 # ¢ #7734 5 PSID % #-
WSM #& % % it g2 5 application » e p# destination » ¢ #rig source i
WAVE device =% - 2_{s destination /7&? AR kg E e > MAC
address P|¥ i # * unicast 2 -#_ broadcast MAC address -

A service T iF {7
WAVE service &_f]* pF ¥ 12 2 channel #74t =03 i & & fe g

WAVE device #7i& = &0 service - WAVE service #d=4~%_d X i application

w WAVE device # di3-F > ¥ 2 & CCH 4 i advertisement # 4 service
9



|4

w2 w5 #& 3] WAVE service 4 = persistent 14 % non-persistent = f& -

persistent service % % 4 4. service (&4 @ B3R £.) > non-persistent service

B 5 ep e service (4o ¢ pL 2 R 4r) o

WAVE advertisement

Hlw A Fee Bl 3.3 7o o “7F  provider service g B 3t L

Y

I

application * %% % provider service &z g2

WME #73& &7 WAVE Service Advertisement (WSA) -

L

F

+ K entk 2 (Higher layer) ¢ %44 WME 3«05 PR+ (available

service) i 11 # 7

FOEABL A o

WAVE device &1 3k & service %> v ¥ 2 g M iz weant L k3wl

= WAVE device - ¥

service - User =41 WME ¢ 1] % =k 4] % @+ service

442

-t oservice jE_

F ¢ & device po¥RAl* primitive & &+ WME & &

r
L

available service' ] % *# | %

7 [ ch service ¥ U eaE e~ B SCH k23 FH @ 2 A& service

FEP T 05 Hlen SCHIK @i 47 » R %P5 SCH £ &

WAVE advertisement £ sH & WAVE device ¥ o
WHNE
Header PST WRA
Security
Services
Security Security
Header WA Trailer
WME
WSA
Secured WSA
type
MLME
MAC Timing MALC
WSA
Header info Trailer
PHY
PHY MAC T|.m|ng WSA M.tlﬂ'.C
Header Header info Trailer
Medium

B 3.3 The Message Encapsulation for a WAVE Service Advertisement (WSA)
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RSU/OBU } =% 4z ,% % (Distribution System)
RSU/OBU # % & WAVE #ptt @i é v BV NS B HEdE
H i WAVE device » %5 H 4 e ¥ A foif =3 T il 4oB 34 17 o 2
2 F BT A LT U T e A A ekt k3B RSU/OBU F ehdts >
IV ENERY WAVE service » © & ¢ ek ¥ 232 o LI i BR
TR HHEA DT I A F %R TR R IEAR service & B ¢ &
FRhATELS WAVE a FuB 8- EAMKE > © & BHFE service 78
SR i 4k b WAVE device ¥ o
A g A4 WAVE device fie & Distribution System -5t ¢
B B 35 B+ 7 &% service fic; » RSU 5 provider 2 %2 advertiser
OBU % user -
B B 3.6 o Host 7 4% ser\}ice e11 provider-RSU % advertiser-OBU =
user o
B [ 3.7 <> provider ypadvertiser 4% user f~ @ 3.6 ¥ & Host fv RSU

B %7 - i router’s host ¥ 14#%5%F = i@ router #7 #2ehief k22 OBU

R -

RSL OBy

WAVE Stack
WANVE Stack

Host

Wireline Stack

Distribaution

Wireline Stack

_ OBU 1o Vehicle

Airlink Host Intarface

Haost

7" Intemel! Iniranat

Bl 3.4 An Example Scenario of the 802.11p/1609 Network
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RSU

Host

Distribution
system
medium

Higher layer data {on SCH) ———

=—— Higher layer data (on SCH)

e Higher layer data (on SCH)

| Higher layer data (on S5CH)

WAVE
medium

OBU

Advertisement {on CCH) —————>

RSU

—_—

—

WAVE
medium

Advertisement (on CCH)

lee— Higher layer data (on SCH)

| —— Higher layer data (on 5CH)

Bl 3.5 The Data Exchange Process between a RSU and OBU

OoBU

—

—_—

—

B 3.6 The Data Exchange‘Process between an End Host and OBU (The RSU serves

Host

B 3.7 The Data Exchange Process between an End Host and OBU (Across a

as a Relay Node)

Other Distribution
medium RDuter system
medium

le— Higher layer data (on SCH)
|— Higher layer data (on SCH)

——]

=

RSU

l&~ Higher layer data (on SCH)

| — Higher layer data (on SCH)

Subnet)

12

]

=

WAWVE
medium

OBU

|— Advertisement (on CCH]  —2
= Higher layer data (on SCH)

| — Higher layer data (on SCH)

]

=




3.1.2 IEEE 1609.3
IEEE 1609.3 . # 7 WME #f & & i - WME » 1 3% & application
primitive » T i % WAVE MAC & WAVE PHY » ¥ r 8 ¢ 25 WAVE
device i o B F AR WAVE service & (e/nfg » 11T & w45 WME
R A N g Y
® JRirR 4% % 4R (Advertised service monitoring)
WME ¢ JcB~H =+ WAVE device #7% d) %k 7 service advertisement » 3%
EE P A E WME p @ g 2550 3E 0F o ;gr} advertisement = & >
WME 41 * management information base (MIB) i available service iz o
WME F]* i % & & (link quality) % 2% service £_% % available
service P m IEEE 1609.3 #% % f > % k42 link quality -
B RCPl 2z T35 REPI-WME #a24]* RCPl %3 &4 % WAVE device
R e A3 5 5k o WME #1286~ RCPI ## 3% = advertised WAVE device
@ p e ot pen WAVE device B e link qualitye 3 3¢ RCPI #-¢ &4 {8 e
IE P R men s B
B WSAcount (=% CCH interval #t{z3|#1 WSA B #)- WME {1* WSA
#r% e repeats (WSA # - =t CCH interval #7% ¥ en=t #& - 1) >
persistence (WSA £ % & 4 = CCH interval %3 %) 122 WSA count
R = p e #7Z & 0 link quality - »]4- repeats = 3 WSAcount % 4
#57 provider #i# 47 WSA Fr4kic 3|5 - link quality % & i -
® JRireng Fou 2 4Esg s fe(Service requests and channel assignment)
WME & 7f i d@ Higher layer #7& $.hservice requests 14 2 3] SCH %
iz service i * o 4rd service request i %] i provider 7R& WME R &
B 432 41 service advertisement o
T w5 WAVE device 13 i e7 management service o data

service 1 % primitive = <3 p o
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B WAVE data service # i~ 7 #t @ﬁﬁl e 4 0 & e & WAVE management
service o it #-F L& FEeniX | destination o FALEE A5 IP data 12 2
WSM data = #& > v £ WAVE management service fe & i SR AR
4rfE] 3.8 2 B 3.9 o7 o
Metworking Services Metworking Services
WME WME
Higher MACS MACS Higher
layer UDP/IP LLC BHY BHY LLC UDPR/IP layer
Service request progessing Servige request processing,
Data
DL-UNITDATA reg]
MA-UNITDATA reg
MA-UNITDATA.cfm
Data
"""""" Z|MA-UNITDATA ind
DL-UNITDATA ind
Data
B 3.8 The Transmission Flow of an IP Packet
Metworking Services Metworking Services
WME
Higher MACS MACS Higher
Ia‘,rerJ UDP/IP LLC PHY PHY LLC UDP/IP laver |
:EII::'ShortMessage. WMEIWsmReguest.reg
red DL-UNITDATA req WHMEWsmReguest.cfm
MA-UNITDATA. reg
MA-UNITDATA. cfm
WSM
"""""" 2{MA-UNITDATAind
DL-UNITDATA ind
Data
B 3.9 The Transmission Flow of a WSM
|

WAVE management service .4 WME k3 is-H ¢ & 7 provider service >
user service » WSM service 2 CCH service = f&#f 4| e77 service request
primitive - &= f& service 3%¢ 7 1 ATH (add) service 4 % M“,ért (delete)
service % 78 o provider service ¥ “h#% &7 i3 2z (change) = it * K

% TePF iz & provider service it 4 - Service request i A2 4c B 3.10 £
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;o0 T R4 B A 2w f8 service request ¢

*

Provider service request &_ application % *= WME # & service
7 & WME 4c 3|2 #& i % application #73 iéhfin & = WSA i
ET k> ¥ i CCH* #i% service advertisement - 2t 3|7 SCH
interval > device ¢ ¥ % SCH>CCH interval B| ¢ ¥ % CCH - Channel
etr g o @) 311 Ao e

User service request &_ higher layer £ -+ WME v $vRi4 service
3 B 4ok WME ] M iz service - advertisement ¥ 122
s higher layer 2% #_p # 4r » iz service o

WSM service request = higher layer » WME z&p vt WSM £
w ti% o WSM Rl PSID %k & #f o

CCH service 12 WAVEdevice = = /4r » service = % T »higher
layer & F & CCH interval ¥ WAVE device ¥ 7 CCH 1 priority °
4% CCHTpriority” = >* service = priority - WAVE device #-¢ i
CCH interval F#3g+]*» =+ CCH > = ¥_# SCH interval WAVE device
%R g & SCH - % WAVE device # * Access Immediate # &_
Access Indefinite & f&7 ;4 *» 3 channel ¥ > CCH service 4 ¢ %

4 % o
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Higher layer

Frequency (GHz)

SCH

SCH

SCH

CCH

SCH

SCH

SCH

5.89

5.88

5.87

5.86

A

CCH
Interval

WME-xxxService.req

WME

Action=Add

W E-xxxService.cfm

LD

Result Code=Success

WME-xxxService.req

E

Action=Change

WME-xxxService.cfm

e
Ea

Result Code=Success

WME-xxxService.req

Action=Delete

WME-xxxService.cfm

e
Ed

|5

| |

Result Code=Success

R 3.10_Service Requestinformation Flow

SCH
Interval

CCH
Interval

]
-l

SCH
Interval

CCH
Interval

N e e

50

100

150

200

250

>
Time (ms)

Bl 3.11 An Example of Channel Access in 802.11p/1609 Network
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& WAVE device ¥ & B2 @ eh 541/ F 48 A Leh2 s Li

v

primitive - Primitive #32*t % 3.1-SAP % service access point it % ¥ %
T LT 2 B eh A G oo primitives § Faf S 20k Ak T o it
primitive = 3 F ¥ 12 4 & 4+ ¢ Bi% > service (T2 2 MIB g3 B2
WME-ProviderService.request ik it @ & H R
3@ 4ol 3.12 o oo

WSM-WaveShortMessage.request i it ¢ 2 2 WSM #f& > H 442 $£5¢

4] 3.13 #77 o

SAP Primitive SAP Primitive
WSMP | WSM-WaveShortMessage.request LSAP DL-UNITDATA
WSM-WaveShortMessage.indication ‘|, MLME | MLME-DELETETXPROFILE
WME WME-ProviderService:request MLME-REGISTERTXPROFILE
WME-ProviderService.confirm MLME-WSA
WME-UserService.request MLME-WSADIGEST
WME-UserService.confirm MLME-WSAEND
WME-WSMService.request MLME-SCHSTART
WME-WSMService.confirm MLME-SCHEND
WME-CchService.request MLME-GET
WME-CchService.confirm MLME-SET
WME-Notification.indication MLME-MREPORT
WME-Get.request MLME-MREQUEST
WME-Get.confirm MAC MA-UNITDATA
WME-Set.request

17




WME-Set.confirm

WME-RCPIREQUEST.request

WME-RCPIREQUEST.indication

1

# ¥ 3.1 Summary of WAVE Primitives

=

War. Var.

Gariz 233

WAVE

vErsion

Hagdar | Hasder
lergth | contents

Repeats

Pl!'l'ﬁrl'll’:l!' T#fﬂ | T

-

WRA

Providar Servioe Tatie (PST) | o | | WAWE Ribg feburisermend (HRAI

e :::*9.%l

- -7 e I
- - - - - - I
- - - - |
- o
- P I
- L -~ :
- - - -~ -~
=~ 1 < z 16 1 15 & "% w |
Proswicicr Channel WRA | Rautar Profis | Dot | “% | pimary | Seeand
Counl PST Entry Coury | Charnel info contents | ieime | BP0 | jangin | gateway | M| oas” |y Ons
. -
: ™ LY - . _ - -
I ~ i ——
! - - ™ e —
! . - o T —-
" T oy
! e ~ =
- - -
! ~ ~ 1 1 1 1 1 1 I
! ~ o
! \ Channed | Channel | Channel | Adapi- Data TudPar_ i
I ™ angih | convancs | Numoer | able | Rate | Level ||PUET
! N
!
, 1. J
r "
! o Fispeated
e s PR
l,lr e Gl
-~ Count
1 1 4 . 1 1 kL] 2 1 P
1-52
Prover |Provider | Lo | e fop | cChameel | IPVE | Serdes Fl'jm MAC: KEY
lergth | coments Prianty | Mumber | Acdress || Par A:jm FAddross
i Contrel | | Oxtlanal .
Fild Field 4
. J
Fospaanid Lengths in octets
ohce par
Prarebder
Courd
B 3.12 The Format of a WSA
1 1 1 1 1 1 1 1 ] 2 Variable
WEM Header | Header | Security | Channel Data TxPwr_ PSID Exping WEM WEM
version | lkength | contents type number rate Level time length data

B 3.13 The Format of the WSM Header
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® Tip PRIMAEsE 05 (Service channel quality evaluation)
WME 4% - & 4] K F# & 5 47 9 SCH -
® |Pv6 % Z (IPv6 configuration)
WME 3% % p ¢ 1 IPv6 t223adp » * &kfcBH 5 WAVE device “74 !
1 IP e o
®  #miaAEaE 7 I ohdp om (Received Power Indicator(RCPI) polling)
WME v 124c# = WAVE device } e WME R #Fskenite k-8 S
'g BF 2l 5L 5p B o
® MIB sk (MIB maintains)
WME % p 2 e MIB 2 ¢ & 7 WAVE device &k 27 2 ) 5 »WME

& OE gy primitive ehdg o kB2 i MIB g F e

3.1.3 |IEEE 1609.4
1609.4 = & 7 WAVE multi-channel i& i€ 2 MAC #3+ F AL i@ s 11T H#-
& w4 % WAVE MAC 12 24 multi-channel access :
® WAVE MAC
WAVE MAC #_z=*t IEEE Std802.11 2 :xm k- p = WAVE MAC & #&
A 3RAa > H - 5 |EEE 16094 ¥ - % IEEE 802.11p > IEEE 1609.4 diim &
22 WME R egid 2 2 WAVE system 38 (7 4p i > IEEE 802.11p Rlfiikh €
MAC & WAVE phy ¥ i o
WAVE system % 7 :®E3f# 7 F 0 channel (CCH/SCH) * & i - MAC
& B -3t e (IPPIWSM) % it 720 channel F @ 3% (channel routing) » % CCH
WiEdr 4t (bldetWSA) 2 WSM> & SCH 1+ i WSM 2 IP 4
oo ipl Aty VAR A2 RaHEE Y B a T g e hip A g gﬁ:;m
AR o 57 fRipa Pk en® R IEEE 1609.4 3% - 1 b % o @) 3.14

fron (B ITERFIET L (TR e iuﬁg &1 channel %k & =& 3 » £ 42
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Y5 B =] e priority £ {5i& > 7 e queue © & B queue F A gl T

KA oqueue N it § A @ o

LLC

.

MAC (with Channel Coordination)

Channel Router ’

W ———— — — ~— — —_— —_— —— — —

_A_ — — Ay
: 5 CCH (WSMP data only ) _= || SCH (WSMP and /or IP data ) zl
e 2 2 S 2 e 2 2 3,:
| C§’ ACI=0 ACI=1 ACI=2 ACI=3 | :ACI=0 ACI=1 ACI=2 ACI=3 E'
I x | :I
| ' -

= O P 0 Q I
| BEdpzdpsez

SRl i > > I
| RS B2 RBlgREa |
| = . |
| S I |
| Intemal Contantion | Internal Contention 1

Channel Selector and medium Contention

v

Transmission
Attemnpt

B] 3.14 The Internal Structure of an 802.11p MAC

®  Multi-channel access
% WAVE service B 404k 3k o2t £ * B5 » WME ¢ & & WAVE device
74 5] SCH ryci 4L - WAVE device £ #& &= 8 SCH ehi5 B 54 ¢
B - #4558 (Normal service channel access)
i WME 7% CCHinterval & &332~ SCH - WAVE device ¢ % 7|
SCHinterval 4 *» 43| SCH->® 3| CCH interval 4 ¢ *»#w CCH-CCH
interval § % CCH » SCH interval ¥ % SCH -

B = #5508 (Immediate SCH access)
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WME - & f332 SCH » WAVE device 5 * *»3£ 3] SCH > ¢ p
#» £_ CCHinterval » & 3| CCH interval p- ¢ 4w+ CCH f - B4
2 % H 1 ﬂF’K&iJ— S TEEE -
B & 'IH550 (Indefinite SCH access)

WME - & 755 SCH > WAVE device 5 F*»3£ %] SCH> & p = § CCH

interval - z_ {$%— ® 4 & SCH -

3.2 Ad-hoc Routing Protocol

Ad-hoc it E - B3 7 RAHK* (Infrastructure) #74 3 it > “75
§BLERE d V5 # eha 8 (mobile node) T o iR i BEE B iR
Hod ¥ AF LA §FLFHE D (on-demand routing) o P ow © G B D3F

Foenpid g0 T RN B R aadE Adshoc B d 1 2 (AODV » DSDV) o

3.2.1 DSDV (Destination:Sequence Distance Vector)

DSDV #_m Bellman-Ford & & /% #t:zi& m % o Bellman-Ford /% & ;* &_
Distance Vector (DV) Routing & & % eh— f& > M T &-B w5 o

DV # &2 - f8F 2tk Hferdestenig 2 - 5 B node § i~ B %
T 4p A% 0 node B~1F F o I fAIE E {8 -5 % ¥ w 4p A% nodes E T 4p A% node R
PEAEHEFAGL B E B onode k- BAREEF R e DTG T RE S
node §E&4E » ¥ ¥ 7 #p broadcast £ 4p #%¢0 node - node Yz ¥]4p #% node ¢ routing
T2 PR i REPRGRE) BISDR A KT E B P e oo next
hop node - % node & 4= 4+& ¥ /L P ¢ pFis = ¥ 1 next hop node Z - DV %
i* §° bl4e @) 315 7 o
Bellman-Ford & & i# i % 2 4o Bl 3.16 “777 o jf & i B ¥ e P chil £3- 5 114 7

“t4 7 FlE Bk £4 o 1R 315 7 4 topology b ¢l N BE X % -
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XY R 2 (R XZ R 9 () - ¥
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w & X R v 4p 5] AR gk

CF Lot v Ea XY 24 Y-Z i

[

i

Z

Y

=2

£ ¥ Y ehfp

N

2%

~

&
>,

ol

.

2,

Flepcrip AR Elw B B 4 -

B 3.15 An Example of the DV Algorithm
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procedure BellmanFord(list vertices. list edges, vertex source)
// This implementation takes in a graph. represented as lists of vertices
M and edges. and modifies the vertices so that their distance and
/N predecessor attributes store the shortest paths.

/i Step 1: Initialize graph

for each vertex v in vertices:
if vis source then v.distance :=0
else v.distance := infinity
v.predecessor = null

i Step 2: relax edges repeatedly
for i from 1 to size(vertices)-1:
for each edge uv in edges: / uv is the edge fromuto v
U :=uv.source
Vv ;= uv.destination
if u.distance + uv.weight < v.distance:
v.distance := u.distance + uv.weight
v.predecessor:=u

M/ Step 3: check for negative-weight cycles
for each edge uv in edges:

Bl 3:16 Bellman-Ford algorithm-WIKI

% Bellman-Ford j# iz 48 22 & routing table ﬁ&z ¢ %> 73§ topology
sx g 2 A B| e routing table "HFFEEREE 4 % & { ATp ¢ 0 routing table o

DSDV 14 Bellman-Ford ;% & i % A # % 4v 02 2 o 27— 4geh DV routing #
Bizpl > B node R & Mk p b orouting table > (EMI ¢ F R T T T
node =% F > @ ¥ & ¥ ¥ broadcast route update - &2 — 45 DV routing /% & %
Fleing 3 E o & - SRETE f4e- B P 0 node frdp TedcF  (sequence
number) > 1% & R LT Ot 2 8 gg it o Node Je BB ZF S fop 2
RS F AR 0 ¥ sequence number i = iﬁz TR RTEORSF M o B AL
sequence number Ap e B F B CER IS FIRE RIS TN o LI LV R TR T
WA B AT FOLEF G F 4 route loopingeLoop A A chR F] 5 il KA A et o

4ol 317 #rom oo F Y-X R4 %5 60 oY d 2w Z ¥ kb routing

information #F4& Z-X =% 5 Fp#Fd Y-Z £d Z-X vf 5 145 2 {8 B
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BEwldh ZoZ R g m Y-X hfef g0 Ft Z s Z-X hie g s ZY
e b Y-X 3 ToprpER U@ EH R loop FA T oFE Y-X 58 Z A Z-X §
=i Y -DSDV %] i #g ¢t 7 H &0 routing information F]pt ¥ 2 g loop o
DSDV < routing table 4-® 3.18 #77% -

DSDV 4k 8L 5 % topology 254 < BFo 343t A enid i i€ b {3+ e it
#EF o ¥ hE B node ¢ en routing table ¢ gL ehk > RU4HE AR g

dinode » &3 MEHET > 2 WRF IR FEEFL AF T CPU ik o

®1-3.17 An Example of Route Looping

X z
x X 0 x14
Y ¥ 1 Y12
Z ¥ 2 ¥9

] 3.18 NODE X’s DSDV Routing Table
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3.2.2 AODV (Ad-hoc On-Demand Distance Vector Routing)

AODV % _d4 DSDV jwitm %k - AODV 4r DSDV 7 F 2 jiws AODV ¥ &
3 7 kpF (on-demand) - ¢ 2 = = g.jT (/2 source {r destination k % %] 7 e
Boj) @2 s A DSDV - 7 & M#E K B % o0 routing table - AODV ¢

R E R hnode 4 F g frhEJELS b b node % # routing table e

B P BB RS ek 0 B PG B4t hE £ AODV A ¢ B
438 {7 o gL source ¢ L fp & 0 orouting table F 45 £ F ° 3 F|id destination
SRLIT o FE 0 I § BAsfa B ZF 45 (path discovery) AR B 0 35 BB T 2 18
source 7&‘»@ e FRERERESS 0 L7 FEI ST AT L B
AODV ¢ 4 Mo BT 0 § B /%P route error (RERR) ¢ & w % source »
4% source B & JLiEE 42_# ¢ € X7kcd path discovery o

Path discovery «:& T4l 3.19 #r55-c — B 4~ source node ¢ broadcast route
request (RREQ) * 4p a%:0 node » 4945 node 4z ]2 {¢ £ broadcast 414 » 1z pt5g
& > ¥ 3] RREQ 7]:f destination 5 1+ » 2§ i#:¥ RREQ iz * % B¢ FFen
node = j F|if destination &3 path » ¥t path B 3 »ce > gt RREQ

broadcast 4 ¢ &1k » 2 {5 i B4>% & route reply (RREP) % source - RREP i@

#7234 % unicast -
N2 N2
e LS Destination _‘;\-‘:_:T:“ M5 Destination
b4 Iy ;
i s ; AR
| -3 ne i e [
Source J/ ';Fll Source 1;';
N1 |- o M1
‘""H--___é_‘ ne |, L _h__““"ﬂ-_h,_‘__ N4
! N7
1
W
M3 -—“-.'.;‘_:_-_—_;_?_ N3 |
NE
RREQ broadcast RREP return to the source

Bl 3.19 AODV Path Discovery
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RREQ #t# ¢33 3 3 source_addr - source_sequence_num - broadcast_id -
dest_addr - dest_sequence_num 1z 2 hop_count - & Bri—- 7 RREQ ¥ 12 F|*
source_addr #c } broadcast_id k##¥3% - & i node 7 node sequence number 1z %
broadcast id = i3+ # % (counter) o

hiix RREQ ¢iffe® > & B node ¢ p # 3K 2 F % g e (&4~ node B
Jz3] node A 7 RREQ > node B ¢34 node A 7 IP % 4% p & &0 routing table
¥ )z {44« hop_count 4 1 £ broadcast 212 - 4-% node Jx¥| £ 4 /7 RREQ
PlE T HFF > wag 2 flooding - RREQ *# £ source_sequence_num 12 %
dest_sequence_num > A& %] # K i A o U R Fow BT GOS0 4o % 42 ] RREQ 9
node % JL destination path © %k 4x% p & & routingtable » » L& & RREQ ¥
77 dest_sequence_num E_F “ p & routing table ® #riedkanB L o do% B R
broadcast RREQ » 4r% # & Rl F » foi5a% % RREP -

RREP #77 ¢hF 31 5. source_addr.- dest_addr > dest_sequence_num - hop_count
% lifetime - RREP jr ¥ F w /=¥ F| source iE4zvY > & — B At gL b

node ¢ 3% % - ¥ 2 (forward point)> 45 # ¥ % RREP 7 node >

=
o
She
-4

routing table @ pt §& T chpF s (timeout) o

% node 4z ¥ RREP H ¢ et /s e 4t iedk B p © &0 routing table ¥ pF o 4o
% RREP ¥ &7 dest sequence_ num g 2 ] RlEEFT B > doFk it p e ok BN F
dest_sequence_num #p I+ e &_ hop_count *“ p & &3] node 4 ¢ { #7 routing table
¥ P 3 RREP #i#d3d o ¥ obim - ﬁ%&}i;‘K¢ - 1 timer 4-% 7 lifetime p 75%1
FOF PR 0 A gﬂ%i °

% topology % 1 - 4o A% # & B f2 ¢ cH source node R source ¢ £ AT
A path discovery » 4r% # & cn& g5 @ 0 node R|#r3 forwarding point ip & v
ip H8 node ¢ I 0 ARG iREBF v/ RERR @i %= - B node E 3|
source & ik 0 ATHr At BT 0 node pt EEER T ¢ 5 A& xgf routing table

v M",% o % source ¥ RERR F¥ > 4-% source i 7 & - BT > source 4 ¢
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& #7fxcds path discovery -

3.3 Multi-hop Forwarding over WAVE Networks

& WAVE system ' & B node ¥ 1 i%5iE WBSS fuE = iéféﬁi%]— i |P o3

218

e §_ A3 B node FEdE 1 B hop ™ enfFa;T > @ ¥ node 2 R ¢ node "

X3k oservice PEIZE B-PER 2

~

Multi-hop forwarding & £_5 7 f& ;& B 38 @ &% 2+ 9 % &7 o Multi-hop
forwarding 7 = f&753% o« # - L miEsh L@ oA 50 (sender-centric multi-hop
forwarding scheme : SMFS) » ¥ — & & ez 5 ¢ w338 (receiver-centric
multi-hop forwarding scheme : RMFS) - SMFS &g, & &_> ¢ sender %= WBSS
E oreceiver 4v » M3k 3t ?Mi%]éﬁ service » RMFS Rl4p & - H_d recevier k&
> WBSS i sender 4c » 24 3% ik 4@ f@ﬁi%].'rﬁ service » SMFS d sender p i1 >
WBSS H_ixp - 2% & RMFES & receiver %= WBSS #r& i FH
afler > F1 G & oservice fAZ T A AR B IP 3+ o receiver » 3 € i poe
%_receiver » F)pt & F & d sender & CCH A :i#- B WSM % receiver > Ba
receiver = WBSS -

RMFS r42 SMFS 3573 3 i service channel =g = 3¢ - SMFS & Jfd  sender
(provider) &=z -RMFS R|+# 124 sender (receiver: channel £ # 3 & WSM)
2 Z_receiver (provider) %A=z > 4% channel uE# ¥ 4 provider kA= > P
provider « JF 4z & H = advertisement #73 7 channel number % 3iz4% channel
% Fw > 4odk channel “uE 4% ¥4 user kA7 B user & FicE H . WSM

p#74 e1 channel number -

3.3.1 SMFS

SMFS & _§& i ® £ multi-hop forwarding = ;% - 4 % % OBU f & %58
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WAVE network #:i¥ IP 4t¢ %% - & OBU p#> 5 - OBU (original sender) ¢ &
4 ¥ - i OBU (target receiver) > & F & p & chigfs jga‘alfi?]px (one hop) © 4-% §_#7iE
7R3 ® Fd original sender = = - % WBSS - ¥ ¥ % {¥ target receiver 4c » ¥ o
4% target receiver §E3E original sender two hop ™ F 78/ original sender ¢ 3# R
$ 3 & L %% 7| original sender *tiTs RSU £ d RSU i Fip#ite %3
target receiver *fi7:7 RSU > & f&¢ £ d RSU ix % target receiver o

RSU ﬁ#;ﬁg"ﬁ # 7 WAVE service :#8iFo F]pt »OBU F & & &4 » {7
M5 RSU %k @i¥4te RSU ¥ (@ * Bkl e 2RO fR: ™
o @R P £ & f 4% original sender {- target receiver = forwarding
point 3% OBU 73 » & =i -  forwarding OBU & G- =x SMFS e
£ P HAPY 5 PPERF o & £.% original sender fr RSU ¥ IEjE4LiE @ (*
** 1 hop) > 7% /& original sender ¥ &3 RMFS & H#-3te i 1 jEd RSU
i1 en forwarding OBU » £4_pt forwarding OBU #-4t¢ ¥ 3 RSU -

SMFS & e {f-254c® 3.20 122§ 3.21 #t7+ - B 3.20 e OBU
7 7 & SMFS e84]-d original sender & ##-4t¢ i 3 RSU>{ d *giTe RSU
(#)i¥ 1 targetreceiver ¥+ - [ 3.21 ¢ -original sender ;X3 7% E #&# * RSU
¥k e serviceo @ Boat 1% SMFES e #-4f & @ 3| vtiTn OBU (forwarder):
£ ¢ forwarder ¥ 2 RSU - B {5 d target receiver *tiT RSU % T target

receiver o

Cotider 7P‘/ Backbone \l)‘~ Receiver
By =

B 3.20 An SMFS scenario where the Sender node can Directly Communicate with

RSU node
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Backbone Receiver
Forwarder '7P‘ P i \P‘

Se
B s~~~~- )@
” -~
.
Sender g
2

B] 3.21 An SMFS scenario where the Sender node cannot Directly Communicate with

RSU node

SMFS ip 3738 iv4c@] 3.22 #7715 *d  sender (original sender or forwarder)
# CCH interval 7 :¥ advertisement - if == receiver(forwarder or target receiver) » 4c
~ WBSS M zP~4t¢& o & 5 SCH interval pF & ¢ sender #-& i# )¢9 IP data
broadcast 4 o fyt« i & & * Dproadcast © F] i sender # Frig vi— i receivers
¢ 4v ~ service - receivers #3% ¢ soif ale £ F AP W 4e » 0 WBSS ¢ 3 RSU
B.iTeh o Receivers ¥ 4rig p @ F 4 b sender { #:F RSU (i¢ * position-based
routing) - #]* SMFS =G #ghe F1* ~MAC-layer 7 broadcast i¥ 413 > ;77

de x b WBSS & user Jeifiedept 4 sizk 4t ¢ i ek RSU
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/ Should be Provider

Sender CCH SCH
@ | | Broadcast packets |
: Advertisement : Data | ... | Data :
[ [ [
I I |
I I |
I I |
| | |
| | ! L |
| Y | Y Y |
| | |
I I |
I I |

&

Forwarder

Become a user

B 3.22 TheProcedure of SMFS

3.3.2 RMFS

RMFS #p %3t SMFS“f 2 /4% > &0 #ril 5 SMFS #7733 fenf 4F o X
FteF =% node>A>B 2 Co i A 4fr B Fprgi5iE forwarder C ix 11 4t+#
7,7, > kB SMFS 1% 2 A 4e B #Rg 4 WSA % Co & A fc B %87 3
F SCH i@@ﬁ%ﬁ#é g™ > C RacgFHE P - B nodeforward 3¢ o @ ® > d
* SMFS ¢ sender # * MAC-layer ¢ broadcast #t¢ - #tu i@ A & B ¢
FHef ox B ERPIR -

RMFS & iTenpF 82 SMFS #pF > & £ RMFS & WBSS & = i 4247
SMFS 1 4#4p & - 4-[] 3.23 #f7r » g L d sender (original sender or forwarder)
CCH interval # ¥ WSM (broadcast) < = receiver (forwarder or target receiver) »
Receiver Jc |t WSM 2z (& if B 4p2& = WBSS o 4opt sender if # 1 * gt service
# SCH interval #3:# IP data~  * broadcast WSM 32 d & & 37 RSU
OBU % - %3 ¥ ¢ = 5 forwarder » F]p* = & & e WSM 1 OBU 3°#
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4% i service & sender iE - B & 3%iT RSU ¢ WBSS 4 » o ¥ ¢b » forwarder

- F g e # @ forwarder <4 4 eh advertisement R X[#Tp 2 HLF b u[ 0

P

J

forwarder { #:iF RSU » 4cpt forwarders »  r/p 7 2|47 8.3 § < & 4 # &
service X sender @i¥ife o

Become a user

Sender CCH SCH

bz

Advertisement

£

Forwarder
Should be Provider

B 3.23 The Procedure of RMFS
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Chapter 4 Design and Implementation

iofe % - R enfi g 0 A H Y p i §_ 0 & WBSS-based V2V networks
WA - HP ez 3 4% routing protocol k F 35 BT 2 @ * multi-hop
forwarding 1% 1 i@éﬁlffi o AR H G A BAP TR > K B

Fo hF#H2 e 1 NCTUNS[19] T 5 kF taides # iy o

4.1 IEEE 1609.3 Implementation
$ & 312 stk WME 2 WSMP % 4 2 8 ieinfz v 4.4 IEEE

1609.3 #1 @ & > LT K- * S B EL B LAP A NCTUns + enf i o

4.1.1 WME Implementation

% NCTUns ¥ » % 364 év’%ﬂﬁ;{%@ﬁgrs{? T2 module =53 %% - WME
&_ WAVE device - B4 > F)pt 38 v 9 2 NCTUns module - ¢ »* WME
v T f T4 WAVE MAC. + + f § £ capplication #id - F)gt 2 i % WME
module =i~ ¥ *x & WAVE MAC module z. + ARPmodule 2.7 o 4@ 4.1 #77x »
41(a) ¥~ 4% OBU v ¥ 3 WAVE device iz 4o - 4.1(b) RIE RSU > # Gi

7w 1% WAVE network #i¥4te > » ?ugg'ﬁﬂﬁ MR RBEFE o TP

ziafahe o g e 311 g4 5L AT Y iz & Distribution System -
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1

ARP ARP ARP
[ 1 I
WME FIFO WME
1 ]
MACEOZ1 MARCE0Z3 MACE021
1 ]
phy_ BOZ Phy phy_ 802

™
(a) | (b)
B 4.1 TheProtocol Stack of a WAVE Device in NCTUns

WME :i%:& primitive 22 higher layer 2 2 MAC layer F:f » & & AP F
WME X3 = ot & WME £ higher layer B gl o p o B it 2 #
application ¥ & 7% % primitive % 2 5= WME WAVE service 3t 4, (6]4r
provider service F73) > H R F1& j&_ WAVE standard v B g Rp o — B4
IEEE 1609.1 = & 7 application ™% WME ¢ 4 & > # % resource manager
application & E % resource manager % 3B~ WAVE device #7i#t & Fih > @ &
IEEE 1609.3 #73i0 higher layer i #_ resource management- ie §_> IEEE 1609.0 %
ZofS AP IR A e A B A ] w4 fToo B R (S Rk x 4 =1 IEEE 16095
communications manager * P& |EEE 1609.0 ¢ resource management > e &_#

. WAVE system p¥ IEEE 1609.5 % % % - Fp- A P 3 7 & WAVE device
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application i%:iE higher layer 22 WME R & i 2 * primitive Fif 0z 5y o 5 fs >
AEEE T TR RS ?Kfﬁ—fﬂ\’ - F&ﬁrﬁh\é JB 3%k T4 higher layer = pF3 @& *
WME #% & 1 primitives o § % a5 5 @ # % &I - B &@k % dp TR, &
(primitive file) ® P WME & % fe pr3d (7 @ /& primitives o &3t a0y 79 2 3%
= WME-ProviderService.request ’ WME-UserService.request )
WME-CchService.request = 2 WME-WSMService.request = & #& & & 7 service
request primitive o 4§ % 2 ;N 4o B] 4.2 #751 > SIB_Begin ™ F SIB_End 1+ % XK
TAHP F o 975 node &0 primitives ¥ T A AHEF PN o NIDX 12T NIDY 12
+ % NID X 1 primitives % %_- CDB ¥ CDE *# & #1# gp ;rj&u{— ¥z Een
primitive 2% %_> # ¢ pFF (Time) 18 =% 107 second » 4 7 primitive fz#s &

pERE o
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SIB_Begin
NID

CDB
Time 20000000
Primitive provider_service_req
Action add
PSID 1
PSC ""
AppPriority 1
Channel 174
Presistence 1
Repeats 0
IPService 1
IPAddr 1.0.1.1
ServicePort 1
Hachddr 0:1:0:0:0:2
RecipientMachAddr 0:1:0:0:0:3
CDE
CDB
Time 10000000
Primitive user_service_req
Action add
OserReqType aunto_access_on_service match
PSID 1
PSC "test"
Channel 174
Sourcelac 0:1:0:0:0:2
AID
Immediatedccess 1
IndefiniteAccess 1
Notify 1
CDE

CDB

NID 2

Time 10000000
Primitive wsm_service_req
Action add
PSID 1
CDE
CDB
Time 10000000
Primitive cch_service_req
Action add
AppPriority 1
CDE

SIB_End

Bl 4.2 WME Primitive Setting File

- B 4% B node = WME module ¢ 2 3% B~ primitive file » & ¥ 3= 3t p ¢
e primitives % TR 8 A % & queue P 0B I primitive spcdpER ] o
WME 3£ i P& primitive 7 type 2 34 7 2 F <9 function -

“TF 0 service hATH{ o fF & LB gt gEd primitives file #7dp T h
primitives K iF iF o 11 T #3Ekm 4 g service request eiF (FiR AR ¢
® Provider Service :

# provider service request =7 Action i add - H & &£ e F A A
application &3 & service » i WME H et v = & oy 3]t primitive 2 {s >

WME 7 + ¢ # WME-ProviderService.request cp % 3z4- % MIB ¢ ¥ *
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4o & 3 3 1% advertisement o 4% WAVE device 2z ik{ provider 7% -
WME i&:ﬁ i ecz2z e WSA » T8 A A0 WSA 2 {8 ¥4 b provider n
T F E'Jﬁ.“wﬁ A2 iE = F7re WSA - WSA 22 = % 2 2 féiﬁﬁ 295 primitive
¢ #r3% e persistence 14 % repeats k¥ WSA o B {8 { 4.2 7+ MAC 7|
SCH interval p¥ & gt 3]o%iE SCH o

% provider service request 7 Action i change » H & £ g & :
application 1 % service %8k 5 WME §ler v = = o gt WME ¢ 19

¥5 primitive shp F kg MIB P Ap R > # ¥ B 5 e WSA

= % primitive #7& ek F o 4%k SCH 3 se® gl & £ 37 &+ MAC > ¥
b WSA e AR 5 G s i & R o

# provider service request =7 Action % del - H & % en g A E
application 8 % .k service it a5 WME §e2 v = < oyt 8 WME ¢ 2
& primitive sp 7 %M*‘,ﬁ% MIB . ¢ Ap¥ el = > & ¥ % WSA P 4k
provider 3t & #1 G WSA 2 52 & e provider ozt & B i b 3 X
WSA » ¥ ¥ £ & MACSCH interval 5% & CCH -

User Service :

WME-UserService.request 7 #7 3 £ #]°%% & & action = A7 3 % 7
application ¥+ primitive #7345 25 service (*4 PSID %k & 4 ) 7 #4& *”‘“f
Al4p F o4 3| user service request B WME - B 425 ¢ 4 i2:2 MIB o i
Z2_ts4r% WME 23] WSA ¢ & 7 application =1 & 4&servicew WME
€ p # 40~ )b service E II service 7 £ i 0 & application #fiziE A

i service # £ g #4B 5 0k o 4o % application #{% 3 service ¥RE I ARG

-

WME ¢ E£# 5 % priority 7 service 4c » o
Cch Service :

WME-CchService.request 7 #73 & #1%% 5 48 action > * X A73H & £’}
CCH ¢n priority e @ * CCH % 3§ - ® > F]|g* WME £ ¢ @& * 3|5 + eh
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priority = WME 4z ¥| ¢ primitive p¥ 5 ¢ 3 2 :x MIB e = » £ 3 SCH
interval # 3% 3] CCH interval 78— g2 » 4% WAVE device & #4597 &
SCH v & g & v p o #ri¢ * &0 provider service =0 priority £ % +* CCH
priority * - ek £ RI ¢ BT & SCH FRIje g > # ¥ CCH-

WSM service :

WME-WSMService.request 5 #73 & #1% & & action » A73 & L #I'%
PSID - WME # 2% PSID % #]%w WSM d v8- # application i# ) >
application ¥ 12 jg ot i 2 7 fcvifa PSID & WSM - WME Jz#[+ primitive
PR g2 i3 MIB «ff =0 ® 3] WAVE device 423 WSM B> WME ¢ 2
¥5 application 2. % #7¢rp v WSM 0 PSID » k-2 & 7 & 4gt WSM
pao WME ¥ i PRix- B F i 4 o8 WSM i application » F]pt ¥ & §_
WSM service F i i§e PSID $%g % 3| - & application » WME - i 5
route WSM | it #x -application i 4 = i@ * &6 (5% o FIEF] 5 2§
WME % ¥ g 3] WAVE &% ¥ gpplication 3 & 7 % P gx o

WME ¢ ’g & £ available service™= A gt i@ * 0= 2 L 4c & 2 &+ WAVE

device #73¥ i advertisement - 4o % &gt =t CCH interval 3 {2 3| Bt % service

¢ advertisement # 7= #* service ¥ 11 * -WME ¢ % CCH interval % # pFio=

MIB ¥ =4 available service > 4% available service © 7 %f/& 3| application i

* user service request primitive ;1 7 service ] WME ¢ p & 4c » #* service >

Pohm 8 (TR AR 4.3 0 o
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SCH Interval

CCH Interval

SCH Interval

4-—-"'"'

CCH start -
Available service count=0

v

CCH Interval -

i
\

CCHend :
WME processed the
available service info.

If applicationshas
registered user-service for
thisservice’s PSID then
joinit.

WME record received WSA

for available service.

Bl 4.3 Recording Available Services in CCH intervals

IEEE 1609.3 = & 7 -WAVE system ' % IP & i 2734 > 2 B4 p =

F i WME ¢ o #9232 4cBL 4.4 %77 > 4% IP 3t& .4 higher layer

¥4 WME - Bl WME ¢ # & P 5 WAVE device &% 3 4v » & £ 3% & service

(user or provider ) - = WAVE device P # % user B| ¥ i #-3t¢ ¥ L3k Ep o

service = provider - % WAVE device : provider R|® ##-3te 3 > g4 2

@R E R T R chek IP 4 24

lower layer i# /& WME > WME

&K L P 5 WAVE device 8% 7 4v » & §.4% & service (user or provider ) - %

WAVE device p # & user Bl %

I E=

provider #74 Jerdte > E WAVE

device 3 provider B2 ##-4t¢ v b ¥ > B @ R E BB T H o
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higher layer higher layer

IP data
oK
No service WME check WME check No (matched) service
free packete—— provider/user provider/user |—>free packet
service service
oK
IP data
lower layer lower layer

B] 4.4 The Processing of IP Packets in WME

4.1.2 WSMP Implementation

WSMP & % ™ 5 7 AWAVE system’ #1353 v protocol » v ¥7 [P protocol &
> 4p B o A& NCTUns #%.ié * <n IP.lprotocol &_i% :x Linux kernel p i IP
protocol @ % - it &_ Linux kernell @25 p 2= WSMP » F]pt w28 g (77 17 o &7
# WAVE applications # % function call 5= ;% k3% WSM> 1™ 5 & 8-
2 RF ¥ WSMP o % - #8722 g ® % > # WSMP ¥ i* & Linux kernel # - iz
Hatgh g 3 (Tenip B % 12 %2 & ¢ Linux it %’F»‘,‘Sfii TATAEE - ¥ - A7 2 AR
WSMP 4 it & NCTUns ¢ - application & % i WSM pF{[* IPC # WSM ix
% NCTUns p -

B s - A T N o WSM g nfE A 4c B 45 w0
application & %3 WSM p¥ > # ¢ 5 IPC # WSM ¥ 3 Ap ¥ e WME » 2
i d WME # WSM #3104 ¥ - % 7 WME <3 WSM > v ¢ 538 signal

% i 4 application - < {& application # & IPC P~ NCTUns p =7 WSM -
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N (Application
Send WSM

Application
Send WSM

Recy WSM e Recv WSM
write(\, [ NCTYns ) Read()
Command Server _.....- >

.
--------

an®
----------

N "

B 4.5 Send/Receive a WSM

NCTUns i%:iE H# p e command server % 4zi¥ WSM » z {4 £ 4 command
server &k # WSM :# I 4p 4 & 55 WME module = &_ application » = %&—Z—l’\d
command server % f & IPCws

NCTUns % B 4 fia ¢ L8 4y M-E i (7 0 module 4= 451 > 487 &
¢ B4 fork 9% £ NCTURs F ficf 3447 <0 process » = 7 & 3 application
#- WSM £ 3|t frern WME > ™ 2 WME % WSM £ | i 7z 1 application > 7]
gt NCTUns ¢ 44~ 41t = %75 9 module {54 ¢ fork process it o
Hiwm& 4B 46 77 > & WME (¥4~ 451t prL & command server p &+ - B F
%t WME_REG_INFO » se4+ WME #f <0 node id v % WME module #f 7
i ¥ o % application A fork ) % pF application ¢ % IPC = command
server £ 4wyt application €_d ¥%iE node #7347 > application §= command &
i #7411 * «n file descriptor 2 % application 7 process id (PID) - Command server
¢ 1395 application #7723 & (node id) 2 45 4p /&7 WME_REG_INFO - #5 3|
2_ 4 i{ #- application 7 PID %4 fp o 4opt > WME_REG_INFO p if 3 WME
v 2 application ¢ fe 3 0 2 BRIFI (R B F S node id s B W FI G
WME module =% 2 % application 2. PID) -

Application & % ¥ WSM pr L % i IPC @ % % command server » d
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commander 2 & 45 4p ¥ &7 WME_REG_INFO > ] * # p chF % WSM % 1
i 7z WME module -

WME module 3 WSM @& % application pF » WME ® & # WSM = %
command server &J2 > 3® command server 2 % 15 4p ¥ & 7 WME_REG_INFO >
fir B poehf - WSM 2 IPC i# 1 &+ /e eh application process » - ¥ 4 i% —
i# signal (kill(PID, SIGANL_TYPE)) i@ & application % jzB WSM o

e D

Command Server
WME_ REG_INFO

I=_Enahle true

Mode_ID 1
2 I WAVE
. . WME_pointer 0X41 1 device
Application
File_descriptor 14 WME
\ PID 9926 /

1. WME constructed WME_REG_INFO. {IS_Enable =false, Node_ID =1, WME_pointer = 0X41)
2. Application enabled WME_REG_INFO. {IS_Enable = true, File_descriptor = 14, PID = 9926)

B 4.6 Construction of the WME_REG_INFO Structure

51 s WME 383 Fet 973 %% WSM  application B IR i PR O]
4.7 ¥R o F 4 application £ 4% IPC Bil o NCTUns R il i »
TRE @iEp L % NCTUns » # ¥ & % NCTUns #1241 &1 signal #ui s
(signal handler) - Application 43 NCTUns =73 0 signal % NCTUns @ ‘g
# WSM i# 3|2 % #7152 = &0 |IPC i if > ' P& application & ¥ %70 % 4258 0 (7>
4= 3 # 7 signal handler 12 jcB WSM - ¥ ¢t application ¥ & 3 & i% eh WSM

¢ EN IR L5 IPC % NCTUns § 7 =& WSM i i¥ o
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void sig uwsrl{int signo) /fzignal handler function

{
gsigprocmask(SIG_BLOCE, &usrl mask, 3
HPF IR EREE signal Ry

Recv ¥S5H():

gsigprocmask{SIG_UNBLOCE, &u=srl mask, 3:
}

int Recw ¥SH()

{
read{file descriptor, buffer, buffer size);

Hi%E#% IPC HZHR ¥SK
}

int Send WSH{data, ...)

{
igprocmask(SIG _BLOCE, &usrl mask, )
%iﬁ&ﬁﬂﬁiﬁﬂ signal BychER

¥SH data = packing WSH(data, ....);
[HEEE R data RIEERR ¥SH 3K

¥rite(file_descriptor, ¥WSH_data, size);
f1353 IPC 8% ¥SH #; NCTUOas

sigprocmask(SIG_UNBLOCE, &usrl mask, )
}

int main()
{

createTCPSocketForCommunication¥ithSimnlationEngine(. ..

HF@# NCTUns RBIRYEER

Enable WHNE REG INFO(...);
{116 NCTUns EXP process HIEI

signal( , sig usrl);
[t =ienal BY handler function

Send_WSN(data, ...);
B 4.7 WAVE Application for Sending or Receiving WSMs

4.2  Support WBSS-based V2V Networks

& WBSS-based V2V networks 2 3 T4 & B infe o § & LA B o

> 4z

FH OB RIRIT A R R, BETETROBE o & 33 474 % multi-hop
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forwarding %= > A sender OBU v 12 4 RSU #73 &4 WAVE service * @
#4te & receiver OBU > e £ AR “ritsh el d § 872 2 - - g L57F &
topology _F 7 node ﬂF’K{ OBU » m * & Jf & i% i — 40 ad-hoc routing protocol
ke FI BT > Fpt A2 F & ¥R & multi-hop forwarding sk i3 oo
APIBE A oap FFoAAe > HY - 08 L AP 4@ ad-hoc routing
protocol % WAVE networks 1 if iF » ¥ - 38 5 > 2 fvdfé GE RO T

A 4ot g :x multi-hop forwarding scheme % #-4+ ¢ @ % next hop node -

4.2.1 Support Ad-hoc Routing Protocol

- 4L 0 routing protocol A & 35§ @B%*K € 2 I — fa¥ 7R broadcast IP 3t ¢ >
ME & 321 74 K e DSDV i &) > DSDV ¢ = pF{eik & i routing table 7%
o KB topology ehpBkskg o T g node 3% ¢ T PF broadcast IP packet - @

b WAVE 4t b do% 2z [P e &5 4 » & §4% & service » e §_ topology
+r3 OBU:a® OBU -~ # €732 service

Multi-hop forwarding scheme_j# ;44 = 3% 4 routing protocol ¢ % # broadcast
IP packet R 4% » 2 SMFS 4} DSDV 3 &) > DSDV # r24]* SMFS *k 2 #
broadcast routing table #}& %#8A o v 8 g - #73 <1 node ‘FKFEF‘?,’E% broadcast
routing table ¥ > {345 SMFS 33k 3+ > p BF#75 < node ﬂ,;fi}@;ﬂﬁ = & provider
ez WBSS> e & % 7 fcF|H # node ¢ broadcast it A 73 <1 node » J&
P%4e ~ B p & T e WBSSedr % 2 2 7 k% WBSS %4 vt node ®
iz = » 7R broadcast routing table %&g X pTe ¥ b 3 WAVE £ az % 0 IP
#f# 387 i & SCH interval 4 i# - DSDV #f broadcast 7 routing table # A8 2
& F & %3] SCH Interval 4 7 48 € 42| » &~ 37 ¢ ¥ DSDV i i 2 g = %
~ & delay -

Fifehs BRAT g M TS routing protocol F 45 BRI HA P G
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interval p# =775 0 node $%¥ ©4 A d ehy iz hello message °

v H > do% F K- broadcast #f ¢ 12 WSM 775 5% k3¢ % f 2_¢ # routing
protocol i = F2 58 o Vi & pl3& P 3 R routing protocol #F — & control message
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IP packet: control message Routing module
WS header WS data v
WSM format=2 | IP packet: control message WME module
Ower the air
WSM header WSM data W
WSM format=2 | IP packet: control message WME module
W
IP packet: control message Routing module

Bl 4.8 WME Broadcast Control Packets for Routing

4.2.2 Support Multi-hop Forwarding Scheme
%7 & & WAVE WBSS system _F & 32 multi-hop forwarding» #% i3 & Jf & 4}

& WAVEMAC 172 WME @2« % 281§ & & WME $°¢ IP ¢ 12
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IP packet de-queue form MAC.

IS provider or user now? [Ne:
h
ves. RMFS/SMFS start.
|
A

o

Isit SCH interval now ?

Yes.
W

Send data.

B] 4.9 The Processing Flow of an IP packet in MAC

4.2.3 RMFS Implementation
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RMFS 7 i & enid # igat 2 4 kJT et H &7 o end5 5] - B receivere sp ez,
SMFS i @& ptac 4 >— e fef b oo sender — 5 RMFS 3+ 1t SMFS { & % @
P % eni sender 35 | receiver o
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State
\ None RMFS_SENDER_WAIT_WBSS RMFS_SENDER_IS_USER RMFS_RECEIVER_IS_PROVIDER
Event (A) (B) (C) (D)
A->B x x (My priority V.5 Serviced sender's
priority)
Want to send packet
(1) D->B
o]
A-=D {Received WSM's priority ? | (Received WSM's priority ? | (Received WSM's priority ? )
(WY WSM has sent ?)
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Received W5M B-=D
(2) c
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X B->C {Received WSA's priority ? ) (Received WSA's priority ? )
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(3) =B
]

C

B 4.10 The State-transition Table of RMFS
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(1)

®

(3) The WS5A was sent
by my serviced
user,/sender.

(2)

(2] Received W5M s
priority > my priority
or Received WSM ‘=

priority = my priority bu
iy WSM has not seng

(1)1 my priority = serviced
sender'sfuser’s priority.

(2] Received WS5M ‘s
priority = my priority.

[2) The WSM was sent
by my provider/receiver.

©

B 4.11 +The State-transition Diagram of RMFS

RMFS_NONE

MAC de-gueue a packet.

Send WSM to receiver.

RMFS_NONE

Received WSM.

W

(3)

Start WBSS and send WSAto sender.

RMFS_SENDER_WAIT_WBSS

RMFS_RECEIVER_IS_PROVIDER

Received WEA.

Join WBSS.

RMFS_SENDER_IS_USER

CCH change to SCH.

Send packef]

SCH change to CCH.

RMFS_NONE

(a) Sender

CCH change to 5CH.

Receive packet.

SCH change to CCH.

RMFS_NONE

(b} Receiver

B 4.12 The State-transition Diagram of RMFS from the Perspectives of a Sender and

a Receiver
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4.2.4 SMFS Implementation
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e B reveiver ¢4 priority & 8 5 WBSS 4c » o
SMFS &> RMFS 2 jiee 3t H 2 2 2 F L 7 & f%if‘uﬁ’?“ R 4z 2 WBSS o

m ¥ A& SMFS *# receiver ¥ 1 e BFPRF* 5 B sender o [ 4% e17 SMFS sk ghy (%

POEE > U AR 4B B 37 b e 14t ¢ o provider < 7 dvif B A user § X de A
WBSS > 4% user F v » 7R:B4F 5 4ok user L 4c » ‘rﬁ;;iﬁ%\ ;7 sender jXF A

i SCHinterval - iz £ SMFS & 3 H 5 4} &> £ 5% SMFS & WBSS-based

V2V networks i * B i B e 4 kiz = WBSS -

State
Y Mone SMFS_sender_provider SMFS_receiver_user
Event (A) (B) (C)
A-=B X X
Want to send packet
(1)
A-=C (Received WSA's priority ? ) C

(My W5M has sent ?)
Received W5A
(2) B-=C

B

B 4.13 The State-transition Table of SMFS

?%
©

Bl 4.14 The State-transition Diagram of SMFS

2 Received WSA ‘s priority > my priority
or Received WSA s priority = my priority but
my WSA has not sent.
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SMFS_NONE SMFS_NONE

MAC de-gueue a packet
\ Start WBSS and send WSAto receiver. Received WSA.
SMFS_SENDER_IS_PROVIDER SMFS_RECEIVER_IS_USER
CCH change ta 5CH. CCH change to SCH
Send packet. Receive packet.
SCH change to CCH. SCH change to CCH.
SMFS_NONE SMFS_NONE
(a) Sender (b) Receiver

B] 4.15 The State-transition Diagram of SMFS from the Perspectives of a Sender and

a Receiver

4.2.5 The priority design for SMFS and RMFS

R & 424 w2 425 ¢ ViR g Sk D] priority ekt 0 e B F LG RGE
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forwarding % pF > v ¢ L3 PRF% priority $#& = 5 node -

- B4 RED priority AL 1o priority g &% B B 4> multi-hop forwarding
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¢ 2 node 2 L FEHe g o 4ok node 1 7&@ #i node 3 wF& X
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Bl 4:16 2-hop forwarding example

4.2.6 SCH Selection for RMFS and SMFS

AT ENBALHE AP R o SCH F8# %5 2 o fgt &4
provider/WBSS i = 4 k. SCH eE 4% > provider T p¥ ¢ # ¢ node =73
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i{ & f e SCH table ¢ H45@ * & %] 1 SCH (SCH 5) » ¥ ® # 4t SCH

number # » p & & WSA ¢ o

WSA (SCH=2) > @
SCH1 4
SCH2 141
SCH3 2
SCH4 3
SCH5 1
v 2

14 WSA (SCH=5)

B 4.17 The scenario for SCH selection
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Chapter 5 Performance Evaluation
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¥ (IEEE 802.11a) ' &7 ad-hoc routing protocol %_% ~ i * % WBSS-based V2V
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forwarding 4% @#y3t ¢ » £ 2 4t o 802.11a & 802.1lp fhdts Wiircs o

5.1 Simulation Setting
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5.1.2 Simulation Topology
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node2 2% node3 - Topology ® node ¥ node FFchgedrsi 700 = = o

B 5.2 #7577 topology ¥ - node 1 & 2 node 4 = #&: 4 % JFi5iE node 2
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B 5.1 Chain Topology
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Bl 5.2 Broken Link Topology
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B 5.3 One-to-one Topology
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13 14 15 16 17 18
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1 $2 $3 P4 $5 6

B 5.4 Grid Topology

5.1.3 Simulation Metrics
YL R BB AR Y AT AAL it B U
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5.2.3 Data Transfer Performance Results over Chain Topology
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5.2.4 Data Transfer Performance Results over One-to-one Topology
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Chapter 6 Future Work
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