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Abstract: A model is proposed to analyze the MAC (medium access control) access delay of EDCA (enhanced
distribution channel access) mechanism of wireless LANs (local area networks), which is based on the moment
generating function and signal flow graph. The model gives the probability distribution function (PDF) of MAC
access delay and several relative characteristic numbers, including the mean value, variance, standard deviation and
deviation coefficient of MAC access delay. The results of the analytical model coincide with simulations, which
validates the model proposed. A lot of analyses are presented. Firstly, the model presents the relationship among
number of nodes and sending probability, collision probability, freezing probability and mean delay of all ACs
(access categories). Secondly, the model discloses the composition of MAC access delay. Thirdly, the model
presents the effect of different values of AIFS (arbitration inter frame spacing) on MAC access delay. Lastly, the
model presents that the deviation coefficient of MAC access delay is larger than 1, so when the exponential
distribution is adopted as the distribution of MAC access delay, the capacity of the queue system will be evaluated
wrongly.
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SE A — AT T &2 AC(access category) 69 K iAMER . ERAEAR R . HAUHE R feat it M) (E M SE A0 B AL

T MAC HEAGER #9 & B ;388 7 AlFS(arbitration inter frame spacing){&xt MAC A ZE B 44 % w138 i A

AR R F ARORT LE KRR R85 A H MAC EAJER 49 0 Ar 244 IR M6 T R 4R 89 IR 54t

X8R:  IEEE 802.11€;3% 5% #4 oA X 12 i 1% 9] (enhanced distribution channel access, # #& EDCA);MAC(medium
access control A& A JE BT P 48 AT

HhE% S ES: TP393 SCHERARIRED: A

TG 4R Jry 1 0 rh R 3805 AN [ (R 45 A ol 25 45 S TR 1) QS 75 SR 1A% 48 (W b 45, 75 L R E A3 i & fT v
SE AR TR T 52 B 45, 75 R UE AT B RN E IR B 7E — 52 Y6 [l 2 9 IEEE 802.11 PR H] DCF(distributed
coordination function) L, T A B s T 1055 70 56 445 T8 I A Ak 1 AR 45 1) A, e vk S A 6 IR 25 0
I, 76 |EEE 802,116 M B st rh 42 T Wil 7 9 MAC(medium access control) 22 s i) 4L sl 38 5 11 43 A 2045 1 17 1)
HL.#| EDCA (enhanced distribution channel access) 5 i £ /1 Uy i (hybrid coordination function, {iij 7 HCF)#4 il i)
58 V5 17 ML HCCA(HCF controlled channel access).EDCA b % Rk 45 S 451 148 56 20K 55 Al 45 92 1l 45 45 7
A0 5 28 S T AT LA 26 7 i 45 38, 30 2 B FT 6 QoS 7 SK.HCCA J& — Rl M P isL A7 T4 N 05 P IR IR A WV 2% 50
) A A 24 i AR Ay SFL ) IR 45 o, 12 A L ) S R BB

FETC 2% JR8 0 [ 1k B 23 B 07 T 4Bk 4T T VF 2 05T Bianchil®@ 45 ! T —FH4d ] Markov 5% 31T DCF AL 1
BEZXMT I 22 SLBE R 58] T DCF MRS B N 1 Bt Bt 5 O WF 98 5 6 Bianchi (1 T AEREAT T b 76 R
HE WUl SCHR[2] B AR 146 I 7 A% KA B B ) 22 J5 5 35 B0 W T A SCRR[2] 7 2R e 5 1 B
05 T AL AT TRBU ] Xiaol M i T 1% Markov 4k 43 1 LA A [A] IFS(inter frame spacing). 37 4+ & 11 914618
I LI YK 22 0 56 20K 6 J3 3509 1 fE. Sheng 78 SCHIR[5] % 22 88 il 24 ity JL A7 110 T 28 J=3 480 0 52 1Rl 55
REAE T VAN 20 M1, 3 A 6] A5 — AN R 00T B0 0R FH 2 PRI 2R L A 328 A0k 2 R Al 488 At 26 U B 380 11, V0 R BT A B R K
B A3 2R 3 N AE I S5 4.

A DUAE IO 5T A% A 0605 i A F 9 L 5 2 (B 6 MAC 332 A S ) 1) 20 BT 448 S e SR T e () 38 4, %
MAC $2 A JE I A 23 A 5 A WIF 50 AN AL 70 35 S A 135 A0 6] 1 00 FH IR B B 23 W R 48 i i A2 a0 5 10 g P i 3 a2
NS I (R 5 BRI (M6 20 AT bR B Zhal 8 SCHR[6] 1 A2 Hh A FH AR 256 20 A bR B0 AT PR RE 0 AT (E S 1%
LHAEXT DCF HLUIEEAT 234,46 EDCA Bl R, /RIR AC(access category) 347, CWinin, C\Winax, B K [F1IE YR SR
AlFS(arbitration inter frame spacing)s £ i LU A i UL J5 28 6 32 20 M e 1) 5 M 3 5 2k — 20 i 90 AR SCAE
5 U E R EDCA [ NI B EAT 23 A I VR A 3 T MAC BN AT I (R 28 43 A K48 12 43 A1, v] LAAS 213
QYR 5 2 45k REFR Ao, 6 MAC 432 N AE IS A 5 V4 Fr) 2 A

AR 1R EDCA B AS 5 i R R 2 AR 22/ 2028 2 15% EDCA HLHI T MAC NI i iEAT
FEYN 43 b TS 5 0 AR AR A GRS MAC He N AERS (W3 20 A1 pR B0 58 3 19 I I 17 S0 30, SR v 8 i 1
B BB 50 UF AR (K A e S 4 XA AT R TR 0T 5 5 A SR IR R 4
1 EEMIR
1.1 EDCA#HL#I

IEEE 802.11e Wil 42 H T EDCA B,k A RNl 25 S B SR A A R (¥ U7 il £ 46 ¢, 3 e S 8 AN A 2e 4
UP (user priority),7E MAC 2L 4 2% ACAF2E AC A AR AIFS, 354 5 LI AR E R 55 4 5 11 B K AH.
ST i(=0,1,2,3)2 AC,H: AIFS %738 AIFS(), I /N 36 4+ 5 1189 CWinin(i), 35 4 7 1 8 KA CWinax(i).EDCA
MU B i 44 s o B an e 1 o,

MW 1 AT LA L ITE BN AIFS() B0 4 5 I AC B0 G 3R 1578 4647 T8 /0 U 1) B AE A ST P 2 5
4 25 AC # A N s BIRAR X AC3,AC2,ACLACO.

BN T 4 28 AC AN N 4 A MAC K BAFI. A Fiolb 45 16 B0 ot 27 56 e b BAS [ (1) AC, TN AR R (1)
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RIEBAF AEAS R 12BN 51 R ) DCF(distributed coordination function) Ll 7 37 3 40 (%38 76 3 4 i B b e AT A
FHA% EET AIFS(), CWain(i), CWinae (i) 1 52 K T A VB 24 () — 283t 1A 338 1) 22 AN 326 A 81 2 T TR 55 4455 108 % 2B
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LR, 5 BRI e S I TE K.
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Fig.1 |EEE 802.11e EDCA basic access mechanism
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Fig.2 Markov state transition diagram for backoff process of ACi
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Fig.3 Signal flow graph for one step backoff
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Fig.4 Signal flow graph for MAC access process of ACi
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Fig.5 Full probability distribution of MAC access delay of all the ACs
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Table1l Parametersfor IEEE 802.11e

%1 IEEE802.1le 13 %k
C\Nmin(i) CWmax(l) m n’( A(l)
ACO 128 1024 3 7 5
ACl1 64 1024 4 7 4
AC2 32 1024 5 7 3
AC3 16 1024 6 7 1
DIFS 50us
ACK 112bits
SIFS 10us
PHY header 192bits
MAC header 272bits
Sending rate 11Mbps
0.10 0.20
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Fig.6 Probability distribution of MAC access delay of all the ACs (gathered by time interval)
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Fig.7 Relationship among number of stations and sending probability,

collision probability, freezing probability and MAC access delay
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Table2 Mean value of delay for all backoff stages of four ACs (ms)
F 2 435 AC KR B I 4 (ms)
Stage0 Stagel Stage2 Stage3 Stage4 Stage5 Stage6  Stage7
AC3 (CWiin=16) 43 8.7 17.9 36 72 145 290 290
AC2 (CWin=32) 9.4 19.2 38.7 78 155 311 311 311
AC1 (CWiin=64) 19.7 39.8 79.9 160 321 321 321 321
ACO (CWyin=128) 40.6 81.4 163.2 327 327 327 327 327

H13% 2 P 51, CWinin fELHR ST T2 AC LA 7] [B1 3R B B FASE IR DRIy 20308 ot o 260 A% I, 2SS I8 A P 48 4 2% [m]
TR B A I 2 A0, R I, CWoin ELEE — 20 4R 5E T 4 AC AEAN A AR KT 19 AE I LA AC3 D 81l AE AN [A) AR IRKL T,
FZ IS 1) B A BB AN SE IR 3 AT 2 it 2 1] 8 Fros. o ] 8 vl B A T A K PR 98 O S8 I A F) 90 s 3 3
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18K GE I SR B 2 8O AT VA4S 0 IR EE AR I (— AR ST BT ) SE I R B 4: A 7 Oms~40ms 2 [8], 35918
4.3ms; Y EAARBUL R 7 RIS AL I B4R ATAE 270ms~1470ms 2 (8], 3418 Jy 865ms.

1.0 0.07
——Times=7
0.06! ——Times=6 ||
0.8t —2—Times=5
0.05 ——Times=4
> >
£ 06 = 0.04f
f: f:
© S 0.03¢
& 04 &

0.02
0.2}

0.011
0 . . . . . : 0 A
0 20 40 60 80 100 120 140 0 500 1000 1500
MAC access delay (ms) MAC access delay (ms)
(a) Retransmission times=0, 1, 2, 3 (b) Retransmission times=4, 5, 6, 7
(a) EALK%=0,1,2,3 (b) AL X%=4,5,6,7

Fig.8 MAC access delay distribution with different retransmission times
8 ANFIFEAL BT K MAC £ N SEIN 43 A

AL IR b A R RIE R R e o AR AR 3R(15), 8 1 MAC 482 N ZE I A 4% T AL AR ZE I (9 AT 35,
B 0 B AL B MR 22 LI 256 v AC3 4y 491 >k 1 B Al 43t E 2256 ZE 1] 1) 52014 n=5 1), AC3 [JAilf4ikt HE 2 4
0.356, B i i 0~7 Y E AL L DAL Hr i HE K 23 1) 4 0.644,0.229 26,0.081 62,0.029 06,0.010 34,0.003 68,
0.001 31,0.000 73,— X AL i)l T I3 9 4.3ms, 1T & 1) MAC $2 N ZEW A4y 16.2ms Horp i F 1 sk 2 X o
A TR 2 B IR ) 7 5 S8 I Y 82.9%(1—(4.3%0.644/16.2)=82.9%).24 n=20 It} ,AC3 HIfif k%% 0.591,4 1 0~7
AL DAL S RE 2243 5] 24 0.409 0,0.241 72,0.142 86,0.084 43,0.049 90,0.029 49,0.017 43,0.025 18, I/ AL i
BRI 6.5ms, T 4 (1 MAC 82 N SiE IR 4 4R 6 i 3] 98.6ms, Ho b, 11 1 Yl 22 vk o A4 171 FE 2% (R I 18] 1y B 4iE
I 1) 97.3%. Fh b T UL, 5 5 il 478 AE 2% 1) 94 K B0t iU 28 7 o 22 1) E A% O T A A5 MAC 2 N ZE I 3K i I
1Y 3BT R, P i RO 22 G 3R B 2 1K, AT U MAC FE N SE I 1K
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W22 Rl AR A B 2 39 O B I 42 ) B 22 1Y) A% IR G T A T S0 KK MAC B2 N IE I
4.3 AIFSEXIERERISIE
250 7t EDCA ML 8 i o AR ¥ AC 2850 & AIFS
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T, AILFS F HUAR 96 B — f7E 30ps~110uws 22 (7], 47 % [F] 38 B 1) (3 7T s B3t ms) i 553X S — AN H s/ BOAE, AR
7 22 WAL 05 08 HE R T S5 A TR SR A 1 1 R AR b TR B T 22 R ALFSH BT I % 1Y) 5 B MAC 32\ SiE B 1) A%
MBS LI/ ATFES FTBUE I K, %28 AC 22 1) 1) MAC 32 A E IFAH Y ks 15 5K R 28 4k

4.4 MACENERHFZESHT

R 43 B A 20 45 3] (KM =8 00 A AT 3R (27), 1T BARE— 25+ 5515 3] MAC 82 N\ SE I 5 25 Rl fk 22
g 5 Z Ky (deviation coefficient) bR 2= 5 M8 2 B 6 HERA BLE T (1 3 SR bR ) T 48 Koo A, AR
FRECH LXT n=5 Fl n=20 BFHG T, VH A A 23048 . ARl ZE FIAR S R AT 45 9 LK 3.

Table3 Mean/standard deviation/deviation coefficient for four ACs

F3 AKACHIEME. brEEMA T R

Mean (ms) Standard deviation (ms) Deviation coefficient
ACO 156 244 1.56
n=5 AC1 78 161 2.06
AC2 38 93 245
AC3 16 41 2.56
ACO 473 689 1.45
n=20 AC1 295 535 1.81
AC2 178 389 2.18
AC3 99 255 2.57

T W 2 A i BN 2 226 31 20 SRR 4 28 AC AR 53 AR AR A 350 B 10 P A AZ I mT 1 £ 28 i 4
HAUD OIS T T A2 5 R B0 SG DR oK, 22 2% 3 i H 84 K B — 2 B A2 7 R AR T-F 22 MAC 2 A IE
IS 18 b 9 22 30 5 KT 800, A S RO 40 B T e 1.5~3 2 1) [T AR A A 23 B B 4 £ S I 43 v A i
B A MAC $:NSE N 1 73 A1 R BEAT VF 5508 3 E0vh A7 22 i /08 AT 45 21 1 1 259 5545 BA A A~ 35 HE BA
I TR /)N 3 2 3 U B L 0 AR G855 8 KT AR G K S B IR 55 6 0 AL HEBL 73 BT v 8 i3 R O 7 MBI

Deviation coefficient

5 ZEigFARFRIITAE
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Fig.10 Deviation coefficient
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LR (R B R i A A S B I T AR SO IR ) IE A 7 3 W R W B 8 i K 2 RO RORE )
Tl 5 A8 5 R RS M K 1 X MAC 2 NS I K 38 K AE S0 MAC $5 NI IR 1) 250 046 5 4 8 11 IR R/ xd
ANFIZE AC 1) MAC 5 NS I () 5200 5K T 6 AIFS RS2 W A7 B 5 I 38 ol v 2 AR S5t 28 000 41 R
GARE I ATAE T MAC HNSE I 73 A 2 S BB R 2%
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