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Abstract

The IEEE 802.11 wireless LAN (Local Area Network) is widely used for wireless access due to its easy deployment
and low cost. Multicast in wireless LANs is very useful for transmitting data to multiple receivers compared to unicast to
each receiver. In the IEEE 802.11 wireless LAN, multicast transmissions are unreliable since multicast data packets are
transmitted without any feedback from receivers. Recently, various protocols have been proposed to enhance the reliability
of multicast transmissions. They still have serious problems in reliability and efficiency due to the excessive control
overhead by the use of a large number of control packets in the error recovery process, and due to a large number of
retransmissions to satisfy all receivers. In this paper, we propose an effective scheme called PTRM(Proactive Transmission
based Reliable Multicast). The proposed scheme uses a block erasure code to generate parity packets and to reduce the
impact of independent packet error among receivers. After generating parity packets, the PTRM transmits data packets as
many as receivers need to recover error, and then requests feedback from them. The simulation results show that the
proposed scheme provides reliable multicast while minimizing the feedback overhead.

Keywords : FEC, WLAN, Multicast, Proactive transmission, Reliability

fll

A D-wAAR T AIY FegIetn HFE I.M &
23 E g o] 28} 7} ' -
(Kumoh National Institute of Technology)
R L  EEER ele) a1 wel] dolEE W] slant 2
T e daol dde Agsks FUASE el ulg

(426)



2011 52 MXjZets| =2x H 48 2 TCH A 5 2 17

Aotz dEshs HEANZE wygo] wig g4 o] 71geh e A dEe A g A 22 oy

t EANAEE BE Al gk A HolHE sAl A& o8 W HAEFE 7= Aok

AEsto M YEYA YL Asta dolE wjE 2o 7]E W ES [EEE 802.11 DCFolA fry7)=

AFE EY F Ah IPTV, 31 39, 974 49 53 E A%S 98 AHeHEE ARQ (Automatic Repeat

2 vget SEolAE ¥ F2 AHls FAES At reQuest)ell TAgT) e AAEST 5= ARQ 7]
S

o 2=
A=y U
7] 918l REALE Ado] Basih BoES olel £4 B SYde &4 9Pe
8

(e}
[\
—
—
1
rx
e
rlo
e
~
X
finki
k1
I
oo
o
2~
R

IEEE = =% 4= ¢lth FEC (Forward Error Correction)”} AF-&
of FdS &% AUl AMulz Aol ol AREHSI HH skt g dFlo g o doly HAls &4
o IEEE 802.11 52 o2 4 &2zt Ad 3f& $oje] Al gES WA F glo] YA &4
918 MAC(Medium Access Control) ZZEZS %9 Qe 2o 4 A wEba) FECY AHES HE
sl 2N A4 A H2S 98 DR A=E dAdoA g g &H o cpi 1,

(Distributed  Coordination Function)o] A7 %] 1t} e eWH=E Folal AFAY gl HEHNEE
DCFE F 7H9 #$ B=s 71 vk F 9@ & 98l st 849 PTRM  (Proactive
(DATA-ACK)®] w& HAS zhe= 7] & Wy o & Transmission based Reliable Multicast) %S #| ¢tk
ARTS-CTS-DATA-ACK)e] % HHS zte o} Al¢tete W2 FEC9F ARQ + 7HA1E ZA§s 3
RTS/CTS(Request To Send/Clear To Send) % o]t} glojtt. PTRMeIA FECE 913 (k) 2 EAE = B2

DCFollA 20 Aol ok e 97 A57r] [FS FE2 A gt 2 nsoa] AEZS e AR
(Interframe Space)oll 2|3l AoJH ). EFol= A 714 grlez FAHHE o8 o EFo2 Jwth Igx
o] TFS7} Ao=lglek: SIFS (Short IFS), PIFS (Point 22 o3y WES 48] an>kle HAoR 9
coordination function IFS), DIFS (DCF IFS). mjx] ¢l A Fgacf™ = 1w e 7 £4S FE
°of FEL o A WX (Binary Exponential a7] f18l n—k7Ne] P E HRE Bt EE5d F
Backoff) %ue]&< Apgste] sjAgth RTS/ACTS/  7heich 4l dare 9 37l 5 Az e il
ACK #7137 o] A5 W o= fUA2E o)A P S o] glo] Falahd Ao AR HRe BpE
T AR E ) uhde] HEFAE Ao M ol d W S olth olg@A AAE dlolE AL V1E WEAY
Hooglel dlolg siFle] AFErh FA WEEEH 2= dolg 7ol ths] DATA-ACK w3k 3}AS o]
ACKS} ze ml=wo] A ¢l7] Wite] A% dae gatthd ojds] e ows=rt LA Holtt u
A%E dolg HAL a4 wite] o7 glo] & Wk A B =R e 2 dolE HAe i £ v
B4 o]5s & S gt o]e]d g=u 3pHo| §l7] uf 23R JEUS a7 712 s gy o e
%ol [EEE 80211 DCFE HWEA2E dgolA dolE glole AL AEd Fol & WMo J=wS o TaE
A7l el o2l BrE AdshA @3 A=A Ed SEH A% U o] gut) o WA 7 4l
B e To] 7] o] & AUE o] gate] BE F2 Thibo]
HEA2E Ade] AL Bgsty] 98 e = K719 AR 7S Bay] 98] Bed & dolE b
ZEZo] AP, o) zrEZEL I F F 7l F2 Aleta ddets FukEe] HASS F o
FZ Atk gy 7 ol ACK ]k e Lo A Agek o2l o] el & W] ACKS
80 7w ZrEZdA A4 BTe gr duay Fagto R v A4S Hrsdt
B ACK7} 91 A9t doje] 7S Axdgact B oo e gedt 2 NgeAE #d o
ACK 7]9F Wloj A A% gt mE 54 gz T2 J%da MAANE B =RdA Adteh:s
B ACKZ 48 u7tx] ALgoz dolg 7S PTRM #WHo] tis] diaich A Beolde 58 A%
AREHT) o]e g PSS TS e o] f7 <3 B VoA o]FoiX 3 VA ARe Pt}
AT a8 9ol s EAEE AT 9t
W 7z ise oo 27 pgelx F48 Be A
o] HAL ALg7) wio] HEg Ao] eHF =g of

(427)



18

4o
rx

2
=2
>
r=

II.

i
il

= Aot
2 Ao M= [EEE 802.11 DCFolA HE 7]
AF B BEAS AT e 71E
o] WHE o8l 7]sd

Kuri= LBP (Leader Based Protocol) %
AoH LBP #el A 4l v 5 ¢lele]
Yoz A 2y w3 RTSel sy
diole] #j7le] s ACKE &3}
t}. o] "o AP7} A& Hlolglr}
ol Al RTSE dEeth RTSE e ¢
o @S CTSE dAFsta d=
2r=th "2l (Non leader)

2 >
luf

r$ offt
i

)
=

lo

A

1‘
oE

ot o

mt)

[e5
2,
ng 2
of
-

—1> (2 omo L ao

Q

T

wm
i

9&‘

o
rir

o ¥ g
— fo

BCA v

[e]
ffio-r

4 2 2 Ay ol op

e oo > oft

2
g

AT
U S ofy

v

R 1)
2L S

53tal oy HlelH
LBPE= A o a17
Al thdbo] &

srobA]

f
mm i

¥ A @ ol 3

$13l BLBP (Beacon-driven Leader Ba
A AL BLBPol & vl o]t &
7l stuE Frtekdtt B2 U2 oﬂ
Blo &AW fz'c;a%}ﬂ Atk o &
Al e AEE = Eﬂolﬂ
T A ﬁii*/l 718491
RTS-CTS-Beacon-DATA- ACKO]Tﬂr APE W5
ol #fZlo] Jow ] whdel A
AE8kal 2= RTSE olg glo] 4

A 7171
ed Protocol) 7}

(/J

o=

1=
=2

P

e

o)
=

=

=

40
ror

s ©E 7|8 g5 4 WY FAR e
DATA | |ACK| «ee |ACK
—— — — — -
DIFS Backoff "ACK Busy Tones

a2 1. BARQ ZZEEQ I fz|

Fig. 1. Operation of BARQ protocol.

CTSE A3ty APE CTSE 2138 Fof njE3 4
olf s|AE ME3rt o] AL LBP w2 2t
Tang> Ad-Hoc WEH I A4 = HEIN

2~EE AYs7] 98] BMW  (Broadcast Medium

Window) ZZEZS Aokatdtl®. BMW Zzgeze

7t Al @A fFUN~ER AFste Witk
APE 7} 4l dE2REH ACKE #4188 w7bA] A%
Aoz deoly #Fle AHEToZHN NS ATt
o} o] WS Al vk ubEol A4 34gE 3
ofF 3}7] ultol] HlE&Ho|th. BMW L2EZS] §&
AL A1 7]7] 93] BMMM (Batch Mode Multicast
MAC) ZzEZo] Ad=y’. Ap= A4e volH
7F 08w ZF A el Al RTSE A4t CTS &
g5 7|tk RTS/CTS 34 o] Fof dole #7&
A3t} o] Fo] ACK 232 $3F RAK(Request for
ACK)Eh= 5¥d A& 7b 521 didel Al d$3hc)
7 2l gt ACKE 43tk BMMM W2
BMWel v]s] dlo]g] szl % Alto] #olx= A
o] QJAIRE Al vt =ukEe] RTS/CTS¥ RAK/ACK
W oz Qs eWIEst A= wiel drh
Bz Aol SHI=E Fo]7] $3 BARQ
(Broadcast ARQ) o] Aok=| A o] whuio] A=
RTS/CTS w3 Ao dsire AoshAl @i
DATA/ACK A& Aol diefAnt Al¢tstdnt (L#
1 #3). BARQ W2 F=u A7HS Zo)7] 98
ACK A tjale] shfe] &5 Alzb Zolo] HAES
Abgata 7 A gl ACK HIAES oAl A3
of st=A] ~AEHste] doly #Fl (4l dd F
4, ACK HIAE AEA7H HHE E3ste] A4
(79 2 Za), 29 20 2l AAHH 2 e 4l &
o] JEAE = v T3 YERL 7} FAl el
ACK HIAES A AFalordx] el 4 9=
stgsteh o7]eA B file ACK HAE dEs
23 shtel Bl £33 7hE(Guard) A7 $1E 8t
el g9 £xog AP F F A9 By &£F
Azbolt}, of7]ol M 24l @ik = i HA B H Al
ol ACK HIAES AFdh Be 4 ddzig



19

4
CRC

0~2312
DATA

1

RA | AT | RA | AT

n-1 | n-1

n

s

n

H 5

(]

g

1

LY

2

AT i ACK Timeslot number for Receiver i

RA i: Receiver i's Address

Time Unit Assignment Pairs
2

==X H 48 & TC

1

RA | AT |RA | AT

1

n

ZEZQ| olo|gf mfzl =S4

20114 58 MX33
2. Data packet format in BARQ.

ir

TA: Transmitter Address
n: Number of Receivers

% 2. BARQ

Fig.

Duration | TA

Frame
Control

Octets: 2

oy
vze)

rgel

F 1 e EARCR- A

714 wlole] 3

A gom wlolE I

file)
<)

o

]

)

ACK #17A]

i
o
jK
T
4

o

sh e dolg o)

S

8o

A
fal

F2HE ACK HAES

o

3 @e A

9

=)

[md
=

E)

ol

A dozA 9

=

=

Slg AA7E 2o

= MAC

.

a7 2004 BQl

st ol

[¢]

L

s

400«7)7F H &

1 speet, o

0|

54

=

2
28001} E(

L

L

=

[

el

9|

o)t} o=, 4007§] ¢4l TEol
‘?4

2ol A

kel
=
[e]

=

=
]

A=

X

12 [EEE 802.11

hya
O

1

[¢]

o) TS ehir,

5

o 200708) A we] ok 1400ntel vk e

A 5ol MAC #71¢]

A
e
t}. PER

=

=

Yol 97

w3k AP Al PER (Packet Error
A

Fls
A

]

Zeoltt. 1§ 3(a) ElolH

1 PER 27} 9t} o]

3|
L
3|

NIP (Number of Insufficient Packets)
171 €

ACK =7

L
L

A7 (R)NA ol glol 4

L

R

=3
kol

=
Ry

wij)

=

19 3(b)
ACK 7]
% i=]

Ao HEIFIAE F4 (MA: multicast address)

gk
o~
T

(429)

L

.

l

]_

S

L

.

ol A At

A AbgE e

0
| ol 2]

)

I3

9l

Aol eHEE F0]7], (2)
°]7].

pud

FAA Tl o

II. PTRM 2

}

A
9

hud

2EFo|th, PTRM #Hel4 FEC

F oo

ko)

[o]8 s Zlol o

iz

oA A=

a7 ek,

ek (1) F=

e
3t

3
FEC+ARQ

dlolef
27h 2A

afjoF

S



— A e Ay ~ o 3 ~ ) nze)
ol mm__ U, S ! Zooﬂme_d.lﬂEeEWlwllhwlﬂrru MU
§0 D — v X o e ol o N X ) o N =
50 WX ok - = S Sty do N- T iy =
= e oy < TE RNy A dR
o o= w7 A T X T oo Mool e How 4 F oA
v . o - TBMN o= X R oo om W g
O ol Lt — ™~ — — =
o= 3 — T Ndo = H T AW KK B
WoR T 2 T = o Jh - 4 T ofp 3
g |= [ S R T B e SR Y CC
E £ A T FRRETN  OTREZFTITRD
o | 2 A W X _ﬂ&ﬂ_oleikﬂwxo]ﬂﬂ]a_.é
[ N0 10 o = o ] o A o oE w2
S = Ko ~ o o] il = Ao o ey T E o Mo T o R
E! - N D E oy Vo By g W
70 (@) < 3] ,UI _E B TOm m %o OE < BT T K M,W [~ ‘DrL Wﬂ
20 IS L= E il ST OfArTagsnwE i
) ~O U = mwmoX <
o N o & - o o] WW LR A m << ™ o TN &o 3 s o ,Ma (- A _
o o B g of Mo X g = S L I TG i
%0 Y 5 % o 8 B o FN T n S %@%m.ﬂu%;.qai%?
or e ~ B %ms T N o BR o DSJAI‘JI.A a X U NI
e = S | 8cg 5 T T S Rm E g X ) m N
~ g3 3 |Z358 erpTod ®o OFZT R AwZE LTS
~ [} == ~ _— _ .
40 SE oo |- <id RN gy o RTmee fod O o % F R %ﬂ%
=l Es |2 8B E MH = % o o] P Ho 0 _ & H 2 = ° =~ —
- o =N & S mw o o) oF B E oF . X L S.L — ‘UI H._.._ [TIRS Lf o Ul
o - B8N 4 58| S8y do O T T = I T R
Jo w2 S&3 = M ox o oap W THET RN TET ® LW
oF m= o 2 8
iy < |2 = TR MAEET IR T PR ARE F TH
4 L= T. B 3i¢ P e E EEFRET . OB W
= < |3 S = T N R D oW T B mow B R
Y CLE o 255 Py WA S5 Y Ry
i s A .m.mm WD g PO g S o9 mum —_ Wz o
S 2QE ] = o X NS MR s —
i ~ B & 582 R I IR Y FEYUBEFE 5 OB
o E A TEFepg BT L Feg T
X0 o g |MEEZ Hs S T L p b BT L HZT T
) 0D — ME — -2 R S W =T
2 ~ EE < | X B e X B U o = o = S5 - ° o m .
x £3| ©°LF |7 x i - N S T e oo N o
= 8 =° =15 FE T T Al oyls =L E ST e o
= g S | = I8 My P RS g T = &
o o B | I £ > F oL WA & N % w o - R of
zl 5 =) 3 & o T o Ao NE o " = ) <~ 5 Nr ] ~ el
ok o o= N e ﬂo_aﬂﬂa wM 3 N
_ =8 % Lop@w L w = T .o I

2s TS o0 T oA 1o X5 & Ak & 2o
£ 5 = 8 oF W% [ LTI I & — OF ol T B o t

Nl & § o a o) o =1 o oF & = K =1 T T

@ L o Fox & e T @ wr v EIENS ] ol T m R ot
© o lKep) o g N A g = . A 2 ~ o o o] ]
8 _ = M T g BT w00 e ® N g Y oo
Fﬁ_.@ l,w.mz?oﬁﬂﬂnm drﬂ%/&q.ﬁdr.ﬂm%aal <
o = o R~ = B = ‘.;‘._ LC o Q<o) EF TH X A_l
S o x W mrL no® M = ° %o R oo F L o gy T ]
B = B W X om W Mo 4o ol w o Ql

o R el R - o B I | IS K TR TN N T E W

af

171

S

9]

=

=

%23}

3] glal

S

?_

3t} of

S

8

i
=

ol 2

dlolE] #7 Hol

<

VS
A

+7F

-

.

(430)

il B =Rl A A

o]l HEANAE Fd /hie w AP7E 7

T

u
=

ki

]

A
s

o
- T



21

s

(]

BAS

==X H 48 & TC

20114 58 MASEe

ol
o

ol

X
oj
AN
B

o

il v A=

1] 919

95

o

ol

==

2 w7 )=

i

il

o
K
s

o]

oj

B

BIK

JJ
e

1o

3
_EI

i)
g

dlolg o

s
+g

shel A

e

o
=

&3 PER

=/

ojujolt.

Sl

e

ojp
NS

{

oAl ACK

—

)
M
juy
fite)
o
X

ol

NS
B

4r
o

T

i)
o}

ol 71 witeltt,

S
€]

7}

[S N
=

B
=

¢t x= A & if] PER @t

i
err

(k—N1IP)OIH NIP =

o171l M

|
<]

T

o}
~

)

<
&
—~

—_

F itk HAES 2

o2 yipeE k)

4873

=2 271k 2] dold 7le]

o WAED FR A7) ALg AHE et ol

wj ARg-¥3 FR 9

fi3
=

3o HlolE] A7

=)

2 el

N, gkell

1

k)
i

Foll thest ol b 2 e

ARt

p)J

ofpy

o]
o

@ thol

=2 FR #j7lo] A}

o

8

= AE o

i
=

of HA|Zo] AHg-H

=
o

I

7

maze plV;

Al wbeke] PERoO] 2+t 013 0.291 ol A vAl 7)€

R1eA oll&f gle]

T

U

)

<
&
el
NS
=y

o)

X

N

ACK
NIP=0

ACK
NIP=0

FR

011

n+3
n+3
n+3
DATA
n+3

n+2
n+2
n+2
Error

n+1
n+1
n+1
n+1

DATA | DATA | DATA

DATA | DATA | DATA

DATA | DATA | DATA

DATA

ACK
NIP=2

ACK
NIP=1

5/(1—0.2)) 7}

i/ Busy Tone

ACK
NIP=0

6(

i
.

DATA
n
DATA
DATA
DATA

R2¢) Al

3
3
.

=
.

.
.

.
.
.

2

2
DATA
Error

1
1

toh 2822 APE & 31

DATA | DATA
DATA | DATA
Error
Error

[

7FE8
AP
R1
R2
R3

ol

(431)

Fig. 4. Diagram of packet transmission



go
3l

~NO

100
Jjo

d1

B

22

Value
54 Mbps
6 Mbps
9 us
16 us

I

=

dlolel 57

o

L

us
4 Octets

16 us

5 Octets
20 Packets
1500 Octets
31

Parameter

Simulation parameters.
Data Bit Rate

AlE2llolMd mz2fo|&

1.

Table 1.

v
ar

Control Bit Rate
Slot Time
SIFS

Fach IEEE 802.11 4

I3

Fsict.

0]

1ol v
BE A ddo HEPIAE AEjA

oA

P Ale] s71ef o= &

O]

sttt wabA A B o] Aol A

7} 6Mbps¢! IEEE 802.11a YEY A A A
[¢)

g o]

Hlole] % &7} 54Mbps, Ao} I

PHY PLCP Preamble Length
PHY PLCP Header Length

Propagation Delay
Block Size

CRC
Packet Size

CWmin

dlole] sjzl& dEstes Hojlvh. 28y of7]dA

o] &9 20%&3 714

8 shehE s
2]
ole}a 74

Ly
a

=

)

U

5

11 9

k—1719] ©

?_
22 NIP

9

L

]l dlolg 7o) dg

= H4

=
T

1714

L

.

A

ofpy

gte] ACK 97l

=R = R

s

CEE

2%

=

=

to] NIP

=53]

2789 dlol¥f 7o F

L

-

R3

(o] dllA el A

F

=]

<

g &8 A

of 44 (D3 (2)

3otk 7

374} =
ol A

iop-

;Ow_

to2 T AR A BlA 9 x| 12 AA

{

Sl Qo R 1x7 Al

APZ5-E FR ¥

<)

o]

1% 59k 6& HlolE A o] &of w
ofFth 4l B F= 1001tk 27 5llA i 7RA

A Forw NIP Z=g 002 A

2

2~ O
qA5S

7l %

B

A 0]
1w

Hole 7 ol &of F7gtel ut

= O
282

7 o

1

W%

B NIP7} 022 4

B

-

M= doly 7

Gatas

=0

H

t}. Al¢t"l PTRM

)

N

A

;01_
NI

ol
o
X

o

gl
on

ﬂ
Hw

ol
s
X

o
o

5

o]

N
o

e
o}
N

3l
oF
ol
o
ol

—

(SRS
=y

dHE 271wl

o A
HAl =] &gl

9]

=
e

I

[

A3

o)
A=)

b lel

pud

ko]

Sttt 0us #2 VAL X

93

Lol A Ak gholth, 18yt WA &2

el Bl 2% A7l

b srolA

2 =)
uZluo

I~
A%

3}

11y,

Stk meba mx)

% Aaw A8

Am

s e A2 0 P B S R e EAR

A

i

Jjo

S HolFEt A

=

Aol

L

le]o wE A5

-
R

fe)

Z}
2}

T
w

!

=
_UT
)
4o
!
ojp
K

o2 7Hel dlely

(432)



T R
O 5w o)
8 ko) G I mu ho.l Z0 Mo il o) T
S ks) < - M‘._ ‘ml WL._ = _@u — o M EE o)
o 1% - \ 5 N B o e X ~ o
« | g \ 18 E T o®riLT e 5%
A,_ 18 = A/ m bo ‘ﬂl oF zﬁo . ﬂu 1Ure ,Dl et &,o
,, 2 \ 1o T o N oy | | NI 9P
Wm , \ 3 X oy 1& W -t :A = =
| = — -
ta e 2 » 5 TR Yx T ok o
| 2 Fg ¢ F=4»xXT oy .
5 R S M/ 1 2 5 ]LEHAﬂmﬁmuﬂnﬂWQ 1] aﬂoﬂﬂ
,,, m < / 1s mw HAMu =l O_H EM ‘,W.O ‘_ﬂolL il M \N.._
,, = = ¥ e - ot o DA " e
] -mm . \ lg2 B % ™ clcw MrL =T o] N WP =
ey mE / "8 ® M SO = o
&,_ -m_.mlw o S % £ " > N 11 | s T 2o | i e
| T 0 . 4o T o
,, 5 w@ 197 ¥ g ?%mmqurmbwﬂM urﬂr.pl
g7 s = o0& = =
4 1% = = PR B - a3
5 2 2 e 18 ST W o i < o ﬂa o m - — o
,, 2 o £ = _— < N
/ N © = . — N D._.A
of J I =5 g - S5 = T o m Yo S N =
o] E & ] D2 Fixs¥a T ¥4 ®
Te) / - €5 19 < @ A o — S RK <
= / all S Q & F No © M Kl m X
= : 18 WZe S oS drﬂjl},;oCﬁx% S
[l . o o0 oo g ¥ N xo < 5 o = o _
2 e N 8 g 8 Tomg %waﬂﬂﬂﬁ% o
. o - S )
T © L S 3 (LY ® sAwEv Kejeq ebesony M i ag n
. 3 S
® © BULION M ic |
< indyBnouy | pazi| , L
= - il R T ™
_uﬂ_._ 0 s © @ Etm.wm.*n@,zw_sBdrmr‘_Wﬂoﬂﬂmw
Hl ° 5 ® M #awumﬁo o@ﬁuw‘_;vmnuﬁ ﬁomﬂmo )
. o e : ] o
g k> < £ %@ﬂﬂ%ﬂwﬂ%?#zar%%
o s S B _ Jal i
© a ) s - %gmm%ﬂg?ﬂzM%ﬁﬂfr@%%
i ] T 0 : o =
offl 0 D A/A_/ 2 ) Q =0 ~X 17J| E#a By 9 X E; zﬁo = 1__/l ‘ml
v 8 wo 22 ¥ Dusg CemaTa TR
5 o 5 5 o ol o T o) mE g Moy, <
— 5 o o < w — O (@] s et _.7A ,ul ° = _.7A g
°5 T = = o —~ B w9 5.
S E = g mo % Jﬁamoﬂuﬂ%ﬂ UEETﬂuﬂmE
) S &3 3 _ < AMTE LT s o TR
g = 185 T = ey o NSy DMn M w T LI e -
o g 9 T 5 o B = o = m = 2% Cx e
°8 =5 0 - ~ = 0 = T T 1 T AL
) \ = / ﬂb| c Ao T ° = 2 ol
N o Sg Y "9 iw_.ﬂchrdio%:@_n_%ma SR
- & ES Y 15 T e “areE R AR
- - B WB S o OL B el \mﬁ N [ - zﬁo _]ﬂ_/l
S w = 4 2= el JoFm N 5 = < H o o~
S E£Eg Y T = 9 No & o No & =T = —
=2 % 4 oy R O mo N L K AR of MOT og T
o Z 8 \ . . —_— T o = o
Al g o wmwﬂmu%ynwﬂnw‘%ﬂﬂﬂaiz
3 00 & s = o il e .Pkoﬂmﬂmo.d‘_d;moe
_ 2 8 ) 5 TR X
© e ﬂ.__”_ S (sw) Aejaq aBeIoAY M iT w
° i
IndyBnouy | pazilewloN

(433)

0.1e]tk. 1ol Al 7 714

[e}

T

Holg w7 ole &



24 FM oM MEY UE HEHAEE Aot SSH WS 7|Hte 45 o Y FAR e
S WEAI717] Yl A Eo] o] FolA] 7] wiiEel o H multicast mechanism in WLAN with extended
3 NEAT oA glo] EAHL A1 9} = implicit MAC acknowledgement,” in Porc. /EEE
Lo PR o] = = VIC0S pp. 2695-2699, May 2008.
) Eiel ol wAzE Adsv] A FECH A8 [11] L. Rizzo, “Effective erasure codes for reliable
ko Al wre] wlolE AR elE ol wel T computer communication  protocols,”  ACM
o2 HAFE Y7 & AAs e M= WS ALt Computer Communication Review; vol. 27, no. 2,
A}, Aotd W wek 7+ FFlujy youws g pp. 24-36, Apr. 1997.
7 23 o7 AAS Aseh Do 3 wo| Fuwe [12] PK. McKinley,' C. Tang, and AP. Ma}ni, “A
aga Agelld £9 sk ALD Pyl He Viess  colaborative competing IEEE
el wa dioly w7 o] &3 FA & ol A Transactions on Parallel and Distributed
#elo] Y 2 Aes AATE g Systems, vol. 13, no. 9, pp. 936-947, Sep. 2002.
[131 H. Liu, S. Mathur, S. Makharia, D. Li, and M.
2 o = 3 Wy, “IPTV multicast over wireless LAN using
o LT merged hybrid ARQ with staggered adaptive
FEC,” IEEE Transactions on Broadcasting, vol.
[1] IEEE, “Part 11: Wireless LAN medium access 55, no. 2, pp. 363-374. Jun. 2009.
control (MAC) and physical layer (PHY) [14] A. Majumdar, D.G. Sachs, LV. Kozintsez, K.
specifications,” IEEE Standard 802:11, Jun. 1999. Ramchandran, and M. Yeung, “Multicast and
[2] R. Chandra, S. Karanth, T. Moscibroda, V. unicast real-time video streaming over wireless
Navda, J. Padhye, R. Ramjee, and L. LANs,” [EEE Trans. CSVT, vol. 12, no. 6, pp.
Ravindranath, “DirCast: a practical and efficient 524-534, Jun. 2002.
Wi-Fi multicast system,” in Porc. [EEE

ICNP 09 pp. 161-170, Oct. 2009.

D. Dujovne and T. Turletti, “Multicast in 802.11
WLANS: an experimental study,” in Porc. ACM
MSWIM 06, pp. 130-138, 2006.

J. Kuri and S.K. Kasera, “Reliable multicast in
multi-access wireless ~ LANS,” Wireless
Networks, vol. 7, no. 4, pp. 369-369, Aug. 2001.
Z. 1i and T. Herfet, “BLBP: a beacon-driven
leader based protocol for MAC layer multicast
error control in wireless LANs,” in Porc.
WiCom08, pp. 1-4, Oct. 2008.

K. Tang and M. Gerla, “MAC reliable broadcast
in ad hoc networks,” in Porc. I[EEE
MILCOM 01, vol. 2, pp. 1008-1013, Oct. 2001.
M. T. Sun, L. Huang, A. Arora, and T. H. Lai,
“Reliable MAC layer multicast in IEEE 802.11
wireless networks,” Wireless Communications

(3]

(4]

(5]

[6]

[7]

and Mobile Computing, vol. 3, no. 4, pp.
439-453, Jun. 2003.

[8] J. Peng, “A new ARQ scheme for reliable
broadcasting in wireless LANs,” I[EEE

Communications Letters, vol. 12, no. 2, pp.
146-148, Feb. 2008.

V. Srinivas and L. Ruan, “An efficient reliable
multicast protocol for 802.11-based wireless
LANs,” in Porc. IEEE WOWMOM09, pp. 1-6,
Jun. 2009.

[10] X.Wang, L.Wang, Y.Wang, and D. Gu, “Reliable

(9]

PSRN
Z M (A3 Y- A =}
20008 ofthstul A B 57

oY A} £
obF et HHEA
ot A E9.
d obF st g HEA
SEE RIS

20024

FoBNeN e AFE 2L ES o
& ESRIAS

<FHAEoE 74 LAN, PAN, ¥ MESH U

a>




