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Abstract: A performance analytic model based on packet arrival rate is proposed for IEEE 802.11 DCF
(distributed coordination function) in infrastructure-based WLAN (wireless local area network). The model does not
only take into account the factors of number of terminals, traffic loads, the binary exponential back-off mechanism,
but also analyzes the impact of the finite queue system at the MAC (medium access control) layer. Each terminal is
modeled as an M/M/1/K queue, and the virtual time slot is introduced to discretize the state of the queue system.
Based on this, a three dimensional discrete time Markov chain is used to model the system. By using the model,
normalized throughput, packet delay and packet losing ratio are obtained. Simulation results show that the proposed
model can validly predict the performance of the DCF under various packet arrival rates.

Key words: packet arrival rate; distributed coordination function; performance analysis
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function) WLl 42 :E T —HF LT 20 234 0 b Ae AT AR B SR TAE R T st ® . i i . s e R
M FE &, M BL5H T MAC(medium access control) & MR PAF 5t & 4t 48 69 & vk R A LB AE R AL A
MIM/V/K TAZ 8 A b 3k — 5 A R 4oAit R 22 B 1) | & A58 MAC R AR 25, 51 KR B KR 18] 49 = 4 2 /R =T
RAEXT Z AR EAR A TIZARRFR T )a— e hub &, Sl Fn X 05 A7 A A7 48 R A, AR (L8 A 20k
M B A4 4L 2] X FAEF T DCF ALl 491 4.

KRR B L E A X IR o fe A Ae AT

REESES: TP393 SCERFRIRAD: A

IEEE 802.11 FR#E T #4015 1] 4% i (medium access control, {#i #k MAC) T )2 $2 4t 7 5T H A nh S I i 2%
WA 22 447 B (carrier sense multiple access with collision avoidance, & # CSMA/CA)J7 ¥ i) s W0 Th BE (point
coordination function, i #% PCF)F1434ii 2, W1k 1)) ¢ (distributed coordination function, & #k DCF) 5 Ff L It 38 i

« Supported by the National Natural Science Foundation of China under Grant Nos.60633020, 60503012, 60573036 (IF % H %Xk}

HE4x)
Received 2007-07-30; Accepted 2008-02-25

© [P

AT

http:/ www. jos. org. cn



MIEHR F AT o35 %45 802.11 DCF HAe 547 2763

Ko BT 12 N () DCF ML PE EHEAT 43 BT 1A 24 i B — AR 5T 4 2,

FEMAIRAS 4 2F N Bianchi 42 H 7 JE - Bl AL A5 BE i (1% By 4 700 1230 A SR 2] 10 FL fith -, SCHR (4,515 590389
TN B R T U R AR5 30 I 1 DR 328 8 81 S o o 0% s 95 sl B b 45 5 3 283 MAAC J2BA
H1 R 7% R 28 b T HE WL RTAR A& SCHR[6—81% Bianchi HEMY FRRA A MIMEAT 7, I — A B2 A FARE LR
4 i (1 =l VL bR A, T 3 SR AR o T SR T SRAB R ST DCF (11 RE 40 T3k LA 20 343 15 BA B0 K B ol O T 226
T MAC JZ B\ B St 43 20 I SIE B 52 1. SCHR[9, 10143 53R F M/MY1L K0 GG/ BA B EEASE 53 BT DCF BLHI 1 g, 1HL TR
BRI A T 55 KA (36 A3 %5 P00 A% i 6 28 48 I 19 1 . SCHR [T 1R MIG/ UK BA B3R 7n 23 MAC 247 FRBA
FURIAT R A4, 5 22 B0 S b 7 D0 B0 D 32300 AR T, 225 1 A B4 £ 43 B A 2R 101U oy T i 4k T — 3k bl i S 38 ML s
T AN BERG 1 23 B DCF HLI B PERE. 55 40, BTG B 35 36 2% 18 B FH B0 2540 22 1) 52 1

H T & MAC 2 F R K 73 B T 1 245 18 43 A B8 o e, A SC 1 SR B 2 T el (DR 45 2. [R1AR o
K 8 R BA B K B A B P = 4 B B R T G B B R R T AL BIA R ) DCF PERE M A2 BRI AAY H pE T
ZHEEIFR B ELBEHLEIR MAC JZAG BRIAS RGN B 43 21 N R R (S i LA T S T AR RTR
ARV FIR A 4 AN i BE T

1 802.11 DCF

802.11 DCF % i AT vh SR 00 (1) 280 08 1 W 22 % U 13 (CSMA/C A) 77 v B (3L ACRE U RTS/CTS B pi Fh
A3 38 V5 18] 75 2, R0 P 3 40 0 010 0B i 55 m 3 L sk P 1 22 A 283 0 L S B 1K 7 ) 38 S L B DR G 0 £ 2 T
ToIEAE P RS DL

T 25 ity I KR o3 LI o S AR T 0 PR PR A, G SR 3 5 PR HLRR4E— 4> DIFS(DCF inter-frame space)
i) D) AR S N2 B R 2% MAC $4E i (78 RTS/CTS M5 R, %1% RTS i), H 7] iR AT 30 A A2 43 2L Al
. 01 SR A Al D) 24 i L b 7 [0, 7] 2 1) 34975 b i B — A SR I TR W AR 45 038 T B30 (W7, W RR A 3 4 e 11,
FLOR/INR I T B 7 £ A B 0. B R 4 % s -0 380 5 308 245 DA IF T 51— A I B O T BB ok 15T 24
0 (55 0 0 B T RO AR AN AR AR 2 N I () 25 T DIFS i, 3557 00 A28 i s 1L 28 ity 4k 488 I 0 475 1,
RNV BCAS IR ] 0 I 283t A R 1% MAC W53 Ab, 2 T 38 G = 24 o K IRF ) oF A7 38, 44 s 7 1 9328 44 1 25080 4%
2R 3% 2 TR AR A 2 AT AL AE IR
2 oHiRE

T VPR ARG H 7 A8 AN R — Mk AT B2 1) JE Sk SR B AR G o AR BT HAE =2 R — R A5 3 1) n AN
UL K:2) 280t MAC J2 b 0 40 4500 12 HE I R ok R 058 FLIE 36— 35,3) 434 B0 100l 25 ) 1) 475 5 0 3 A 1,
4) Ji %l MAC B RIEBNFIMI S 58 K;S) AN R R 4 i [ 6 V4 {5 18 ) L.
2.1 HEFigE

REOH AR 251 MAC J2 14T 0 T BEFRIAL S MYM/ 1K BAF, Herh K 38 7R 4835 5236 A B I KN A X(0) B &
Uit MAC JZ2 BABIZEIR ZI ¢ JIT Ak AR 25 008 2 JAR AR 25 1) 52 A

S ={I,,B,B,,....B} (1)

XL Ty TR A AT O AL B K2 3%, B, (1< k < K) RN 480 TE A8 3% 7 LB 9F HBA B AT &k AN AN
MAC JZ2 53 25 3 2R TR S — A T3 IR 45 BN AR 2 p = A/ u MIMIVIK R G5 BA
KJE ke[0KIMREME 20 N

) :{(I—P)Pi (1=p*h), p=l o

" 1/K+1, p=1
T FH < KB FOLRS 5> (I B 88 T 8 25 (PR I BR O 43 2L R B 2 326 AR Ik T) &1 301 70, W3- £ 7 A A 4 1) s (1] i 391
TOFIRA B, (1< k < K) FEI )L B #Ab L0 4, By b — 20 ] F = 4EBEALIEFE {s(0),b(1), q(t)} Fom, Forh BEHLA &

© PEBEESAWIFET  hupd/ www. jos. org. cn



2764 Journal of Software ¥4 34R Vol.19, No.10, October 2008

s(t) e[0,m] Fon &t 2] ¢ FrAb R S 2%, b(r) €[0,2' W, — 1] R %] ¢ FHE B2 M (ie[0,m]),
g e[LKl KRN Z ¢ MAC ZAFIH 5 dH g hadrEHEFEERNRS #Hi 1, SFHRE
{s(¢) = 0,b(t) = 00,q(t) = 0} 7B £ E N (0,00,0) 5, 72— MR I BRS A, WA 43 41 B3804 75 1 N B
S5 JE,J5 1B Vs S RS B 9 30 N Fi 25 (D3R SR A A 4 A 0k W) % i 4 S A R R A% (0,00,0) FF S5 R T —
AN} B A A5 280ty (1A — YRR 3% SR P AR 45 40 4 R ZE R RO 26 p 1 e HUAH BT 4 45 £F 45 21 802.11 DCF
(101 3 BT S 2R Dl = 2 8 50N T 140 5 2R T G {52, b(0), q (1)} -

FBADIRAHA EWE 1 Jin, B Py 3R 2t 48 2 2% 5l 5 35 410 o 45 BA S A o A28, P, 3R
IREIRAERES L M — A2 MHR N Blo P 3AT i or 4 3R AR AR ) s b A R R R R on T

P(0,5,0]0,0,0) = P,
P(0,w,k|0,0,0)=(1-P,)/ W,, 0<w<W, -11<k<K

P(0,0,0]7,0,k) = P, (1 - p), 0<i<ml<k<K

P(i,w,k|i—1,0,k)= p/W,, 0<i<mO<w<W, —11<k<K 3)
PO, w,k|,0,k)=(1- P)(1— p)/W,, 0<i<mO0<w<W,-1L1<k<K

Pli,w,k|i,w+ 1kl =1, 0<i<mO<w<W, —L1<k<K
P(m,w,k|i,w0)=p/W,, m<i<m' 0<ws<W, -11<k<K

Py(1-p)

Fig.1 Markov chain model
CRECVIPS 3 $it)

2.2 HRBIRYSK R

R A 24 BT 43 2 326 R 10, 37 200K 18 43 408 ANk N R B BA ), B 21 21 a7 o 200 R T R 36 BN T 5 R ity A 2%
K2 454 37 o 4L B0, B 2% ity BA A FE AR 2 0 0 2R I FE R IR EEANAR . A O RN L RIZEEFH kN
205 NG R 4> B,V R KRS k1 AN 4L 3310058 0 L RIS I B0 B A, Oy W62 10 R 5 FE:

© PEEREREADT

http:/ www. jos. org. cn



MIEH F AT o)A %45 802.11 DCF M4 547 2765

s
5] Py AP OIS A SR
{a=P@M=m=P@pﬂJ=m=ﬂ“e‘“ 5)
P =P{;=0]0, =0j=¢"
s,V A BRI B 4L B RO SR, T, R BB/ R L 45 1, L
z;=i:pm-n{n+n~41}+n+a-"+“‘P‘PQMM*W (©)
u -p -p 20-2p)

fiiL P, =lim Pis(t) = i,b(t) = w,q() = k}.0<i <m0 < w< W, ~L1<k <K /R AT KB TR, B,
AVIRER (0,00,0) [RSAME R Hh L HE R R X G)HE 7t G R (T AT (8):

1-P,
! PO,oo,O
0
P Pyoss 0<i<m-11<k<K
Pur={ »" @)
L pe i=ml<k<K
(1-p)
W -
'WWP,_O,,” 0<i<ml<w<W —11<k<K
m K
D P =P 1=p) (8)
i=0 k=1
A A IH— PSR 1
m W;_y K P m K VV’ +1
1:P0ac0+ ZZPH/(: . PUUA+ ZRO/(
i=0 w=0 k=1 1 - PI i=0 k=1 2
P P 1 m-1 2p .)m (9)
L +W| Y 2p ) +—
2 1-P (-p) i=0 l-p

5 R 10)HE ST 1

b 2(1-P)(1-p)1-2p)
S TP (1- p)1-2p) +(1-P){(1-2p)+ W[1- p— p(2p)" 1}
H 5 2R v T ABCER B R I 0T T Po o 4 275, T LA BE AN AR R UG SR AR R

(10)

31 A—HEHE
5 XU R R IO S AL B 4 GREHNER p b 3R e 5 0 T A 1 — A
% T el o 4110 B 1 SR @) R (10) T 5

m K 2(1—3)(1_21’)
= P, = 11
f 20; 2R (-p)U-2p)+(1=P){(1-2p)+W[l-p-p2p)"1} (b
p=l-(1-7)"" (12)

TR FEA2) AR T A ALk Ty R AL R 8 0 (K 20 21 2135 23 2,38 ik {8 U ik mT BLSRASAE IX
[ 7 € [0,1], p e 0,17 IR Mt AR 00 010 T MR 2, 20 10 T3 I S0 1 S0 A4 (0 1 T gy — A
SELERF IR, L 1 0 % 32 6 BF ) 300 0 0 % 33 % e G 1 BRF 50 00088 oy 2% 25 (13 I B O M., 65— A
SR I R KA A AL 1 MR, 715 5 /0 A 2 B (7 — I R 328 43 AL R A A 1 M 2, T 75

© PEBEESAWIFET  hupd/ www. jos. org. cn



2766 Journal of Software ¥AF34R Vol.19, No.10, October 2008

pPi =(1-17)"
p, =nt(l-7)"" (13)
p,=1-(1-1)" —nr(1-7)""

HPE SCRR[2], 00— i S 8 A

5= Pl ! (14)
pi6+p, T +p.-T pi0+p. T,

c ]’; + 4
Py
GRS 1 2 A REA UG M BEURT RTS/CTS B2l N, 7, Rl T, A AN B AR (E 7 48 5 1 U7 T B
EATIRAELE i P A S
T = DIFS + H +1+ SIFS + 6 + ACK +6
{TC”"‘“ =DIFS+H +[+65

(15)

T/ =RTS+SIFS+5+CTS+SIFS+5+H +
[+ SIFS+6+ ACK + DIFS + 6 (16)
T" = RTS + DIFS + 6
HEAD T, (p, - S+ p, -T,)/ p, Ie/IN I 194 46805 T8 1) A ke R DRI U e i de KA (R 4 SR 45 A
i[pi'é‘-'—pc.ch_O (17)
dp Py
(7)1, M & B n>5 HALEAESE p=0.0933 I, {5 18 75 i fe 45 K.
3.2 SARE
HRHE MIMI K BAA I T, B S o A B8 (7~ 4 850k L -5 A =0k

=
K /2, p=1
FH 73 20 ik 55 ST ) 60 53 20 1 B A543 W) TR) A 1) 7 A1 IS8 T 2k
T "
33 EEX
SEBR RGEAE U AN TSR o o AL B M % B A CL BT Bk 0 o A s BB B i M B K

[ 3 20 ) EL R A AR I, B0 1 43 A B 25 9 ) PD 3o 4y AL B % 22 58 4R, OF 3R R I BB © 3, NOF
R BIL NIV GEAT A, T ARG 21 73 A1 Hde 4 2% 57 (KRR P oAy
P, = P(PD) = P(PD | NOF)- P(NOF) + P(PD | OF ) P(QF)

20)
=P (=) A = " a1 ) (

4 AEHH

AR SR NS-2.26 W 45 107 63, L 802.11b 11 g W 45 Hh 23 132\ s (access points, K AP) G2k M
L PP A 2 S5 VE A 250m, HARY B E R MAC E0i S E WK 1Bt o A2 L5 —> AP
WA HTE A £t b 4% S 038k [R), 07 2034 52 2 200x200m? Fr1 4R T XA, 47 LIS ] 28 2 000s. B 23 A7 455 250 45 38
HE g5 3 DL BB I PR o9 FR e i a]L I 2,16 3 FF Ana KR AL A M1 45 21 (1) 45 S, Sim KRR B 7 LS B 15 2 1)
gk

© PEBEESAWIFET  hupd/ www. jos. org. cn



MIEH F AT o35 %45 802.11 DCF M4 547 2767
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Fig.2 Throughput versus the packet arrival rate for the  Fig.3 Throughput versus the packet arrival rate for the
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