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Abstract Promoting quality of streaming service in wireless networks has attracted intensive
research over the vears. Instable wireless channel condition causes high transmission delay and packet
loss, due to fading and interference. Therefore, they lead to degrade quality of video streaming service.
The IEEE 802.11 Working Group is currently working on a new standard called IEEE 802.11le to
support quality of service in WILLANs. And several schemes were proposed in order to guarantee QoS.
However, they are not adaptable to network condition. Accordingly, they suffered video quality
degradation, due to buffer overflow or packet loss.

In this paper, to promote quality of video streaming service in WILANs, we propose a cross-layer
architecture based on IEEE 802.11e EDCA model. Our cross-layer architecture provides differentiated
transmission mechanism of IEEE 802.11e EDCA based on priority of MPEG-4 video frames and
adaptively controls the transmussion rate by dropping video frames through the efficient bandwidth
estimation based on distinction of each AC. Through the simulation, proposed scheme is shown to be
able to improve end-to—end quality for video streaming service in WLANSs.
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HT FAd 7oA dHitge XEgH AH|Xd
3 487 532 Yok 28y 2AW AL oy
(Fading)°]\} 7H(Interference) 59 Fggoz d
FEi7) JiF ez 8913k EAE Zi: glo, Hitie X~
ER Mylxe AHAF A 3 &4 ToZ % A
A& F49 A3E 2 A 718y FAde HA
& Aulzo] ZHIGE Ala®log  Av)2a FEA(QoS,
Quality-of-Service) & BA317]d= A4 gk o
g+A4 IEEE 802.11 Working Group9lA< H41 374
A9 QoSE BAsE7] 93| IEEE 80211 wiAl < Al
oJ(MAC, Medium Access Control) W28 3pAaFAlZ
IEEE 802.11e ¥F3}E & 3stgem, Avls T2 &
A& A A8 LY 7HE] At SHATH1-5].
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oJE&AdE 1A T Pzke] oEA] 93 F Q%9
ozl 2EHQ QoSel Aol Hg i

B =idxe 2B AMul29 I QoSE ¥
AA17]171 93] IEEE 802.11e £ @AM &E3FHY
HYEZ =S %3} Cross-layer 7|¥F9] vlT]e A4
7 Hel B AFE Yoy, 45 FHES 53 #
BAAE AEFEY B =AM A= Cross-layer
7I%ke] H|tje A4 71¥e& MPEG-4 Zdjge] A3
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Distributed Channel Access) Xd¢] xp#zel vjA)
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2. BEAET

2.1 MPEG-4 H|C|2 2IZE 7|Y

MPEG-4 939 7]H& MPEG(Moving Picture Ex~
perts Group)ol4| THE HE P o] AR AFHE 7]
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2.2 |EEE 802.11e DA H2 AN Z2ES

7|€9] IEEE 802.11& AAZe= 717 Bel a8
A H B 9 dveltt. kAT IEEE 802.11
RE ZHo|MEo] &2 FalvEe) YT H2 W
& ALE3E7) wZe] QoSE BAs=H R Ut
delvjr]o] 2EWI 22 ALY AF 4
QoS KA uigk 847 F7F st e, QoS BA
S 98] AMEA A¢E IEEE 802.11le wiA H Ao
TR EZL 7|&9] IEEE 802.11 viA] HZ Ao =28
Z& 3A3de HCF(Hybrid Coordination Function)Z&
AMEA Attt HCF= EDCA(Enhanced Distri-
buted Channel Access)®} HCCA(HCF Controlled
Channel Access) 24| 5 71X W& ARkt ot
EDCA Ede ZAA 79 vix HZ o™, HCCA
2 9= HC(Hybrid Coordinator)e] T4 ol w23l
9 719 viA d2 dolth EDCA Ede $4<#
of 713k A3ty MulAE AFEr] {5 A HAU
o 7]E 802112 DCF(Distributed Coordination
Function) 23} 1 F40o] vff FARIt EDCA =
do A QoSAYE 28k AC(Access Category) 74
de Ao st e 4] ACE AHdY 29 H
A mEiv|e 9} DIFS(Distributed Interframe Space)&
43 AIFS[ACH(Arbitration Interframe Space),
a3a ACE 2 2H3tE CWmin[AC]# CWmax[AC]
o] £4-8 7FXaL U289l

O 12 UiFoiA SHEE 2RSS A3 QoS
getule e} 7 ZHOIAAE JAYHE e AEF
E 71Xl WSTA(Wireless Station)®] T&2& HoF
o} qkel & Aol Qo HXg FEaoie] HHEsd
ACo o= J12H FEC] e ATt 09 EE3HA
HH, WSTA tell fx18 2AEe7 M $F (Vir-
tual Collision)g HWAEIEE gl

13 2€ EDCA EE=9 wix] B WHE RoAFEo
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ACO ACH AC2 AC3
AIFS[0] AlFSI1] AFS[2] AFS{3]
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A Hed, 28 e =g dd4E 22 CWmin
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A9 ZH gL FEo) AT mAHEIAY di7]A]
S EY & YA Ho, AEFY dojglrt M Hg
(Transmission Opportunity)S E5st=d] S-23 A4l
2=

2.3 |EEE 802.11e Z7|¥! HE|O|CIH ME Z2EF

T IEEE 802.1le EDCA 29 did HZ Ao
71%5& ol&3led Afsle dvolety Faxe ot &
3o g FEuHo J4E HEFAFIL F4Y FEAS
zoly] g €& A7t APHJU3-5101. 71E
AToM SA4, ¥4 23 diolete FHo det F8
=8 tt2A 839 IEEE 802.11e EDCA =42] =}
HEHQ wiA HZ Ao wAE FHEAI L, A T
E4H e ZHYE HAFHoE HAEE =Yy YE o83
AFAdste ARGAIRA A AMulA FHE Fol7] H
g A7t 1§y HAoHs) a8ln H2649 22 94
dojele] F£a%xd] ol [EEE 802.1le EDCA X4
A HQY WA HT Ao WS o]8dle] Mulie] F
AL FFAI717] 4% 71HE] A HAoH10l A
71&8 ATFEL A58 Heolee Foxe) met IEEE
802.11e EDCA ® 492 ACHEEZ EF3lo dHoletE 4
FAFIL ARRAL 4ol A9 ABjE FHE Eol7] {
& HAIE AE3AANE VELA Aol FHFHOE
A5E 24E& A Ealg dAY vEYI HET
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+ e WAE PoldE dHols 2Ee A= + 3
ovf, ARHOT AEFY SWMERS EE dolg
42 w4 A Adste 9 FAL A A2
& It 2AE s,

3. Cross-layer 7|89 H|C|2 L 7iY

3.1 A =

[EEE 802.1le &7dx dHelrtjo] dHolgt HES
A3l B =FoA A<tgE Cross-layer 7]%¥Fe] Ht]Q
A 7Y 2= a¥ 49 29 8 AE(App-
lication Layer), #% A3 (Transport Layer), IEEE
802.11e tiA| HZ Alo] AHFZF(MAC Layer)el 3712 A
TR FAHY, 4 ASe] Y d¥e te 2ok

38 AFdM= JHA o 98-S 3= TEO
EAZTE 7HA] BREL ASEA € I ZEde
A= dAd B33 B E(Video Coding Module), 2}
zH Y FoE Wt FHATHE Fodste AR &
A3l ZE(Prioritized Packetization Module), =1g]
3 FAZF A =¥ (Feedback) EHojR WEH=A Ael
AE) o} HENZY FFHoZ HEES 2
8 =z IS Ao ZalY =7 2E(Frame Drop-
ping Module)E ©]Foj& <t}

A AZdMs HErdY dolg A4a o
HEE 49 ASLE Husle 98S F330. A4
P dlolgl A A¥ =4 EFQ RTP/RTCP(Real-

UbDP/IP

A i — v ———————————— —— —— — v ——————————— ——

A e e, b . —— ———————— —— —— ——

802.11e MAC Laver

QoS Mapping Module
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I Cwmax{0] Camax1] Cwmax(2) Cwmax(3] | |
| Retry fimit Aetry limit Retry limit Retry timit :
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! |

2% 4 Cross-layer 7|8+2] Hlt]e A4 7o 2%

time Transport Protocol/Real-time Transport Control
Protocol) ZEEZS A8t HF3HOH, F41Z54
A mevl ojxl RTCP #zle] A YIEYa AH
ARE &§& Ay ZHd H7 RE2 Adse o9
< Tt

npA[eto 2 [EEE 802.11e #jA] HZ Ao ASole QoS
3 2 E5(QoS Mapping Module)¥} IEEE 802.11e vl
A H Ao ZEEFE2 FAET QoS 1 ZEA
= ZH e T80 et 24 FA% $AEHE
o83 IEEE 802.11e EDCA Ed9 z+ ACe) s)2s}
v Ao F3a, ZHEHYY Faxd wel xEE
A FA A HEE AEdEE AT

3.2 Ij3! M=%

H7l A Hst R dFsle MPEG-4 34
ol ZHd F8E wet Z el FHEHE B3
SEE I MPEG-40A Adste= ZdYd Ao
I =8¢, P Z&¢), B ZeY9] 3714 =g &4
o] o FAE=1>P > B «£28 & xygYde
o|E4dY ZHAY Ao wet AR A1) 298 5
© ZEde Fo=] et 4 ZEYdd +HeHE B
Aq3le AR FHAcHS R 725 Ve Aot

WA A3 259 M (Parser)e FY H353)
22 RE e MPEG-4 =Y dHolelE EAsld
ZY P FHFS BLSLY, FAMA Q14T =YYy
Fiol WE FREE vEoE 7} Z Yo 459
g Fo%Y. [EEE 802.1le EDCARY ] ACH AIFS
[AC), CWmin, CWmax$2} Max retry limite }a}v]
Bl %3 MPEG-4 42 F8&=d W& Z+ ACeH)
BAE & 19 JeEhiAT

e fr

. J

Prioritizer

Priofitized Packetization
Module

¥ 5 H3 A3 mE FX

¥ 1 IEEE 802.11e EDCA MAC w}&hu]H

Type AIES | o Wmin | CWmax | MaX retry
(i) limit
I-Frame (AC3) 50 7 15 3
P-Frame (AC2) 50 15 31 8
B-Frame (ACl1) 50 31 1023 4
Best Effort (AC0) | 70 31 1023 4
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P!
Y93 A% AT 93 eWERS
o A &4 FoV] dsiMe HSFHA A& =3
o] Yzl o]F 3, B =FdAe dAY UELA
A E gotela FgHog ALSEL 2F Y6
AE&o el R w2} AZE HES o] 83t tiyF
£ £33t} [EEE 802.1le EDCA R2d& 7zt AC
2} & AIFS[AC]IS} [FSE 7HA7] W&o A5
HolelE FAlSolA ACY 74 glo] FAlsHA 8o
Z o [FSe Fgoz FiFqM SAH
& AZF 2rH L B skAl WS sl =,
23] 2 J9E 24§ A Z3iA4 "ot
=5l IEEE 802.11e EDCA ZdojA Bt
23 [FSol 93 #4883 doF 23 HE 23]
o [FSe] Wgo] &S U2 U=E 7} ACHE =
o g YEg HA3w= HE ARSI T. FAlS
Me 7 ACEE #5e HAE& 7ESY g7 =&
A HAE FAF/EEN E ACY [FSo) F&-s wt
A FuA EYHoZ dH9E FHo] 715384 €k &
ACOAM EYFHer Z43% didZe &g Fristed A
A YIZ-g F3la olF FAFoE sud o g
A vELDZY Fejo] FHEHo2 HAFES HSEH
gt A (D& 4 ACAHA F4AlEe AR A =3
AP AL o) g3 tiygE A&E(Bandwidth Sample)
S EA3= 4L Jehd

2 e

N

3
ty— ¢

Bandwidth Samplelile= =H3& o2 &8 2+ ACG
=0, 1, 2, 3)oA YES Uehlin, S8 e 87
e wjzle] Zviel e A7 e, -8 oA
W7l g W A7 -2 AR =2F AT 3HEE vE
Aok ELHgRE B BAFAM dgE SHke] 4%
HILE Eol7] 8 4 (2)8 AJYHE o]&3 A
AZE teliA ] fbgstE digEE e, A vESLA
9] 71¢ dY9F(RpE Fsl7] 8 4 (S ol &3l
IEEE 802.11e EDCA X9} 4714 ACHE X € o
AE(BSE[iI)E ¥ ARE {2 RTCP RR
(Receiver Report) SjZlo] 4o] F7|Hog Filz0=2
ol gl FATA A AHFH Aege 2HE F
AEE Fitt

Bandwidth Sample i} =

(1)

BSE, [i] + BSE, _, [i]
2

BSE i} = o+ BSE, _|[i|+(1—«a) -
(2)
3
R.= Y, BSH] (3)
0

3.4 Z3g] HY|E 0|88 HSH NsE =F

IEEE 802.11e EDCA 2499 Z} ACo| wiz} SH4
WYZ FH= $£40e TP #H7]) BEC dEHm,
o]Z 7|¥teE Y YE HI|FOEN WEYA FHF
A HA4E 2EE A Brh = Hrie 459
A F71Hez e so Al WEHYZY 7 o
JEZ3 MPEG-4 94 dlolgte] AF&S vlugd.
NEA 23 dx UEHZY 7 digFEg d
olele] H4go] A E AS A HFT GOP UiF
o] ZYP Y F FRTV} W YL $HFHE A

B AEEe BRA "o

2 (419} 4 Bl $41FAA 9 dlolel A5&ERe)E
73 A4S veith G2 29 A$sEe= GOPY
Size of GOP= @A A%xg GOPY vio|E W99 =
7], e A9 23 ZHAEE VSN, nee Sy
GOPE A& Zaidel 7S viekdo

R,= G - Sze of GOF (4)

G = S (qops] (5)
[LTe

FAZA = HUE B3 F/&FH HE5E =3
& 93} A4S slEYy B2 7HE 9 (R 4
(4)0 A A4gt diolete] HA$-&-E vlwsict biolete]
H4-go] dA YEYZY 718 digEHog & 399
e I3 63 o] AEE GOP oA AUHez F9
=7 ¥ B ZHHYE $HHLE H7sld WES=A
Jefoll 233 HES & 4 U=RE

28 6L ZHEHY HE F3 doley AFEE =
st 9JAlZE(Pseudo-code)E el diolel
Fgol 7Hg ddEZHg & Z$ dolg HEEo| 7HE
Y ZEg &S Y7tz 713 F8 =71 ¥& B 2 ¢
& sy HvisteA Zaq] #HZld 2efA FolE )
olg} AL oA A4, EE B ZdYdE #7213
A% dolel HEFEo] 7HE dYgEFRT & s 7H
"dobd, P ZY UL B LY Ze WAooz #r)s

drop loop = 1
while ( RG > RF && drop_foop == 1)
if ( Number of B-frame > 0)
Drop one B-frame
Re-calculate RG
else if ( Number of P-frame > 0 )
Drop one P-frame
Re-calculate KRG
else
// Enqueue an I-frame to AC(3]
drop_loop = O

a8 6 3834 AEE £dE A% =49 #H7) 7



178 ARINGI=EA  ARFA A 35 A A 3 Z(20086)

3 AEE] vnE AEIT AT XE B ZddH
P g dE #H7sldx ulolgt AFEo| 71 HYFH
o} ZA Avid, B =79 =Y H7E 53 323
AFE 23 7L 94 Hade] F4 BAS A8
HEYA Aei7t yrdats 718 $8%7F 52 28
olulR|e] ARE JIA= 1 ZHYS B, P =Yg
734 Z1 AEL A53d YEHIAAY APLS
=E gt

4. &3 AN

B AoH= IEEE 802.11e F4d #7309 &S
el dY9E Z3& 53 Cross-layer 7]¥He] H|T]
AL 719 s Bt A% B7HE A3 AlE
dlolg 2% LBNL(Lawrence Berkely National Labo-
ratory)e] ns-2(network simulator)E AM&-3l9ch &
€ AlFoxe 7PH H¥|EE(VBR, Variable Bit Rate)
£ 7IAE MPEG-4 E#¥<] 18} TES
(Transform Expand Sample) 2.9& o]-&3t5 1, wiA)
A Ao AFde IEEE 802.1l1e EDCA Edg A&
st ARG 7B A HIHE st 7,12,13].

At 7o Ass Yrkskr] K8 2" 9 22
#4E 79T == N1 WlAlelole TES =9
o ojs] WAHE 7hE B EHL9 MPEG4 E#f S A
slHen, =t N29 W2dl= UDP(User Datagram

BdE

MPEG-4 Traffic

( VBR, 500kbit/s ) |
N N N e . ’ R

,,,,,,,,, IEEE 802.11e EDCA
BS i 11Mbps

N e — ’ /
Background Traffic

( CBR, 700kbit/s )
O¥ 7 438 87

10Mbps 2ms

| ——Total -a—Hrame ~ P-frame —»— B-frame —s—BSE

07 ¢

08
05 |
204
203}
02} |
01 | S

Time ()

(a) ACE 1B{etA]| &2 U3 &

Protocol) & ARE3F 114 HIES(CBR, Constant Bit
Rate)9] ¥ EdgS AL39 0

4.1 UERT Y= =3

B AHoMe Agshs ACH 718 U9F &
o} AFAA ASE A% AFE 49 3{Htk
A AYe 50x7F A sgen =T NI Wids
500Kbit/s¢] 71H HIE&2] MPEG-4 EYYS AA 2
g AIZFES AF dFen, == N2&F W2Aloldl&
700Kbit/sS] 1 HIELS 7IX& W7 EdgL 49
AIZbe] 263FH 50 Alold] AHFdte] FAFA A
9E F3E 9 39t 1Y 89 (a)& IEEE
802.11e EDCA EH9] Z+ AC9 A% FolMd A% 5
£ HoJElE FAZA ACH ©E 7EE A {1
A d9%EE £F3 23E Jeldoh [EEE 802.1le
EDCA RE99 Z} ACH wal & AIFS[ACIRE® IFS
o] GEog FASM SulE2A BIgES SAIA
Zile A9E HAFg 19 89 (b)e A% =He
olE}E FAISFAAME ACH uet & AIFS[ACIEH
IFS9] 93-S Z0)7] A3 4 ACHE YI93EE £33
o AL AxE vebdth Akl ACH dYE 2
A 7S 4 ACrt 5g3esE gdEE 43
ol o EN Hu HFIA t9EE FH3}=
= I F AApT

42 858 53

£ HilMe 8849 d9F S8 T3k A
Em Ao AHSHoE ALEL XA =Y
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