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Abstract: The number of competing stations has great influence on the performance of IEEE 802.11 MAC
protocol based on the distributed coordination function (DCF), which utilizes carrier sense multiple access with
collision avoidance (CSMA/CA). In this research, it is found that the system performance approaches the optimal
values with the same protocol parameters, when the number of competing stations dynamically changes within a
certain range. Therefore, an adaptive optimization mechanism, DOOR (dynamic optimization on range), is proposed
for the IEEE 802.11 DCF, which is based on the condition detection and range of competing station number.
Moreover, the principle and method for partitioning the range of competing station number are also introduced.
Later on, the detailed system model and performance evaluation for the new mechanism are given. The elaborate
numerical results show that the mechanism could achieve much higher throughput and shorter delay than the
standard IEEE 802.11 DCF in almost all the different competing stations numbers.
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Fig.1 Theretical throughput with different CWmin  Fig.2 Theoretical system delay with different CWmin
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Table 1 Parameters used in analysis and simulation

Fz 1 N AP Z 5

Packet payload (bits) 4000, 8000, 12000

MAC header (bits) 240

Transmission time of PHY header 192ps(1Mb/s),96us(2,5.5,11Mb/s)
ACK length (bits) 112

Data transmission rate (Mb/s) 1,2,55,11

Maximum backoff stage (m) 5

Propagation delay (us) 1

SIES (us) 10

Slot time (pus) 20

DIFS (us) 50

3ANIE 4 732 A5 AR ] R T2 R ons-2 47 B4 21 10 28 G AT RCH Ik e A1 22 S8 ot 5 4 28 i 2 H 22
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Fig.3 Simulation throughput with different Cwmin Fig.4 Simulation system delay with different Cwmin
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I, T 7 1B A 3 43 F P s SN TG 2 0 6% 5 | R A SR 4 b 522 99 38 s X 1) A0 558 U 48 £ O 2, 3T 1 2% R 4 Kl 73 R A
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x 2 gy AN AR IR TR 43, v A0, 45 % DX TR PR B A DA B XS R 1) RGP e et 1) CWmin [ HUE.
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Table 2 Subareas used in this paper
Fz2 AREWX IR

Subarea No. Start point Reference point End point CWmin of reference point
1 1 1 1 8
2 2 4 6 32
3 5 11 17 85
4 14 34 54 267
5 44 72 Infinity 568

IXCHL R 235 BRI R R 2 H AN S5, DOOR . ML n] DURE HoAth 250 (in QoS My sk &)t — b
BB H AR T A R 35 1 X TR &I 4
2.2 DOOR#HI K TIERIE

AR TR RN

1) AP(access point) 171 57 55 Il & 28 48 1 56 4 2 0 1K) AN 250, 4 72 10 F5 S UM A2 3. 24 AP RILAR G55
G 22Ul (0 AN B0 CL B AN AE 210 1R DX TR I S0 R AP 3 0T I 1 3 DX T, R R T 3 1) 1 =G0 200 R 8 9 9 A 1) 24 di
X a5 B2 CWmin 244

2) B & um BB % LUS B8 A 21 CWmin 240, 140 B i 28 CWmax(% T 2mCWmin,m A2 55 K1
BT K).

3) ARG LIRS AP [ RG24 00 RGN IEAEAE A Y CWmin 244

5 DA 5 U SASTR], IR IR AP FEAT IR I A A AE T 5 TG AP SR AN AT B £ i 1)
e, e ] DL RS A T AN 2R G Y A R T B 0 R O MR ) — T AR RS T A R R R B 2
B A AP BRI S5 R4 R G0 I 4 ¥ 7, T DA 0 ORAIE 2R 48 A A 4 o 4
AH R A 2550 T AE — 58 FE B EARAIE T AL ) 2 >4
2.3 DOORFT MBI 7 7%

T E A b ) W S 4 2R AN BT AR O X ), TR RS DOOR . BEvt— AN Rl i o AN B O v RS AP
Al DLAN T8 5 e DS TBR 1R 24 Sy PR A 480, AR 3X AN 400 H I AN 8 s W I 26 5 308 v 52 I 178 S AL 2L DRI, A% SR e W 4
T 456 DR 1 1 07 7.
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TSR 4 b BT A 1 2% a5 FH A [ 10 [BR LA AN 2 800,90 B2 80 0 40, 18O B gkl 484k Rl B CSMA/CA 1) —
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WA n NS5 A5, 4R 00 p, AN A AT R — I B (slot time) A IR Jy .
Iy A0 BEBREA 23 ) e /N SRR B 1 A o, B KRS B 1 W, =2 W, W2 W,i=0, ... m.
3.1 RUEZENEMLE
BB R G A A e h
nt(l-7)""'L
TS +TF +Tidle

§= 3)
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1-0)"'6-A-7)"f—-nfr+ =0 4)
M (@)K B 1 o/ RN SCER[191F 193 (7) 3(9), (8 7] LASK H dse Ao 10 die ZANRERE 7 11 o0 Wo 3% R BT X A
R A% Zeum B B, BAT T v LLE I Ak fe /MR8 7 10 W SR IR1S I AR I R G vt i
3.2 ERMITE
V-1 S AR AN SR A8 SR AN R ot DR 2 22 R RS A 5 I, e T LR R R
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FEIR, T A — A~ Zuify K32 ZUHE Wi A 486 5, e ] LA B S W7 15 38 i BT 0 20045 A IR I 1) X (5) R R BT 3 S 40T LA
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S

1
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E[BD] = E[X]+ E[N,, )(P,ac + (1= P)) ™)
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1
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b
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ZJEHIEE 1A slot time 75 AN MR 210 T 1.

4 DOOR #HLHHI % gETFEK
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4.1 {FEBH=HWIAA
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S e 16 [ o Wi IR Vv AN B o L 22 1 B &5 O R ATT Lk Se 4 AN 4 N FE 1~100 2 (8] AR ), 4570 b — il 3 5% 5t 40
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Fig.9 System effective throughput of L=1500bytes Fig.10 System delay of L=1500bytes
K9 mik A 1500bytes iR LA Rt & K10 Ml 1500bytes I FRSF- 34 G2 IR
DAL R 05 BLEE RAVIIE T DOOR B e A 4 5 5 28 3 A ) A2 o0k RGEIE REEAT B ARG A2 R &
A A R A P34 G 3R A5 T TG B SRR T bR v 9 TERE 802. 11 B33, 1 HAHAESZ T DOOR HLEIRERS ) 12 38 FZE AR
RIS f S BR R GE .

5 ZwfgE—PryTE

S 854 RGN R ) 25 2 50 48 0] DAAT 2 5035 TEEE 802.11 DCF [fI44 A8, AR 1T LA IR b AR AL B35 58
AT 28 8 IR B D082, A0 75 AT DG RO LA A A X DA P A 52 2% 22 A2 1) T 2 1 5% o KRR AT 9 5 B, AR S U9
1 R D TRD PR 006 55 Al v SR e DUAE S0 b R G 2 HORORE A DU, OF 45 45 A SR BRAS BE R 45 H 17 ) 2 X 1] 4
A T 5 A5 A R IX — WF 5 ROR AR SC BT T A IR 58 4 8 i A B X TR ) 1 3 N RE AR AL ML A ——
DOOR.AH SC A 5246 45 R IR 187 FIH LA URIE T 4, R GETT 8 /D 38 T 52 2% 22 AR (0 Jo e 5 1 HL BE A8 A4
e £ 3 AN B AR AT R G REREAT B AR DAL 7 A ik AN SE R A5 77 1T W) AR T AR vEFK) TIEEE 802.11 Bl 2
A BB GG T e e Kalman A1 ARMA JE3 (30% 5T DOOR HUHRIAEAR AN . AR #4541 R 1k —
AT

References:

[1]  IEEE P802.11. Standard for wireless LAN medium access control (MAC) and physical layer (PHY) specifications. 1997.

[2] IEEE P802.11b. Supplement to Standard IEEE 802.11, high speed physical layer (PHY) extension in the 2.4GHz band. 1999.

[3] IEEE P802.11a. Supplement to Standard IEEE 802.11, high speed physical layer (PHY) extension in the 5SGHz band. 1999.

[4] Cali F, Conti M, Gregori E. IEEE 802.11 wireless LAN: Capacity analysis and protocol enhancement. In: Proc. of the
INFOCOM’98. IEEE, Vol 1, 1998. 142~149.

[5] Cali F, Conti M, Gregori E. Dynamic tuning of the IEEE 802.11 protocol to achieve a theoretical throughput limit. IEEE/ACM
Trans. on Networking, 2000,8(6):785~799.

[6] Cali F, Conti M, Gregori E. IEEE 802.11 protocol: Design and performance evaluation of an adaptive backoff mechanism. IEEE
Journal on Selected Areas in Communications, 2000,18(9):1774~1786.

[71 Bianchi G, Fratta L, Oliveri M. Performance evaluation and enhancement of the CSMA/CA MAC protocol for 802.11 wireless
LANSs. In: Proc. of the IEEE Int’l Symp. on Personal, Indoor and Mobile Radio Communications (PIMRC’96). Vol 2, 1996.
392~396.

[8]  Bianchi G. IEEE 802.11-saturation throughput analysis. IEEE Communications Letters, 1998,2(12):318~320.

© hEE

HAFINGTET  htpy/ www. jos. org. cn




2R R F LT 4455/ 4 X 49 IEEE 802.11 M A E40 1859

[91  Ziouva E, Antonakopoulos T. CSMA/CA performance under high traffic conditions: Throughput and delay analysis. Computers

and Communications, 2002,25:313~321.

[10] HT Wu, Peng Y, Long KP, Cheng SD. A simple model of IEEE 802.11 wireless LAN. In: Proc. of the Int’l Conf. on Info-Tech and
Info-Net. Vol 2, 2001. 514~519.

[11]  Wu HT, Cheng SD, Peng Y. IEEE 802.11 distributed coordination function(DCF): Analysis and enhancement. In: Proc. of the ICC
2002. IEEE, 2002. 567~571.

[12]  Peng Y, Wu HT, Cheng SD, Long KP. A new self-adapt DCF algorithm. In: Proc. of the GLOBECOM 2002. IEEE, Vol 1, 2002.
87~91.

[13]  Wu HT, Peng Y, Long KP, Cheng SD, Ma J. Performance of reliable transport protocol over IEEE 802.11 wireless LAN: Analysis
and enhancement. In: Proc. of the INFOCOM 2002. IEEE, Vol 2, 2002. 599~607.

[14] Xiao Y. A simple and effective priority scheme for IEEE 802.11. Communications Letters, IEEE, 2003,7(2):70~72.

[15] Xiao Y. Backoff-Based priority schemes for IEEE 802.11. In: Proc. of the IEEE Int’l Conf. on Communications. Vol 3, 2003.
1568~1572.

[16] Xiao Y. Enhanced DCF of IEEE 802.11e to support QoS. In: Proc. of the IEEE Wireless Communications and Networking Conf.
Vol.2,2003.1291~1296.

[17]  Kim JH, Lee JK. Performance of carrier sense multiple access with collision avidance protocols in wireless lans. Wireless Personal
Communications, 1999,11(2):161~183.

[18]  Bianchi G, Tinnirello I. Kalman filter estimation of the number of competing terminals in an IEEE 802.11 network. In: Proc. of the
INFOCOM 2003. Vol.2, 2003. 844~852.

[19] Bianchi G. Performance analysis of the IEEE 802.11 distributed coordination function. IEEE Journal on Selected Areas in
Communications, 2000,18(3):535~547.

[20]  Qiao DJ, Shin KJ. UMAV: A simple enhancement to the IEEE 802.11 DCF. In: Proc. of the 36th Annual Hawaii Int’l Conf. on
System Sciences. 2003. 306b.

[21]  VINT Group. UCB/LBNL/VINT network simulator ns(version 2). http://www.isi.edu/nsnam/ns

http:/ www. jos. org. cn



	IEEE 802.11 DCF性能与竞争终端个数的关系
	基于状态检测与竞争终端个数区间的自适应机制\(DOOR\)
	区间划分的原理与方法
	DOOR机制的工作流程
	DOOR所采用的检测方法

	理论模型与性能分析
	优化系统有效吞吐量
	延时的计算

	DOOR机制的性能评估
	仿真场景的说明
	仿真结果的分析与说明

	结论和进一步的工作

