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Abstract:  This paper presents an in-depth analysis of the DCF (distributed coordination function) access mode of
IEEE802.11 protocol. Based on the result of this study, the authors have developed a new self-adaptive wireless
LAN MAC (medium access control) algorithm with the name of NSAD (new self-adaptive DCF algorithm).
Simulation results show that NSAD is superior to DCF in all characters concerned (e.g. goodput, fairness, and
packet drop rate).
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AT R AP PR I B LR LU RSSO T B 802. 11DCF A ik BRI A S PE 4 T — LU e B 5 i
(B4R STHR[3~107), 32 ZERT LA D BN P 28— S M e el 5 3 A 4 A SR 5% e KA 6, 11 5K [4,5,8,91: 7
— R T I SUB DR LR &Rl DCF 28R 301715 5 1422 N LU 21 ) 2% 11 RE A0 4k, Tt SCik[3,6~8].
ASCE I A G R RS A SC Z 4 L i 2 A HE - R T30 I T Y e AN SR A AR B B T
T IE B 5 I R B ACAEL Lope B A 5 TG 2715 s B0 10 ADLTE 2% (R R R FRAT TR X AR M cidE DCF IR T
Pl Y H 3E N H L NSAD(new self-adaptive DCF algorithm). K 47 L5256 45 W6 B NSAD B isC i) & 11
BLHIREE 1 3E WY 4 T B R0, 70715 RV 2 IR SR DR AR 48 i 10 0 o R AT P P .
A1 N ARER SRR 5.5 2 TR T NSAD 1) B ARSI AR, IR e il e 7
Lop 71 AR Z I BT 5 10 55 307 s B A TE DG IRRF .58 3 WSS 4 5 HEIR T 07 L ER S5 R 0 BRI AL 1)
SR LG RAE T W AU B G 7058 5 T s 45t

1 HEXEAE=

1.1 IEEE802.11 DCFAAR

IEEE 7E i 52 TG £k JRy 3 AR A ) 4 5 A [R) 1 2 FH L 7E 802.11 ) MAC(medium access control)/Zhil 45 HH T
PIFhEE AR 7B 85 DCF #1228 2, PCE(point coordination function)!').DCF J& 523} PCF [ 3£ fill. DCF #izt,
T EHLLL CSMA(carrier sense multiple access)/CA(collision avoidance) () 5 20k 37 432 N\ A7 1, 0 i 35 BB 8 5795
U/ il 8 R 6. S ATLOWS A 0 PRI ARG 328 0 4 LA % 8 50 ik 32 0 LA BT B (s1ot) Ky FE AR 54, 3T LA DCF A F o2&
—/M BRI MAC Pl

A T /NG R (A5 2R A % B e 4 iy A5 1) 5% W, 7F TEEES02.11 [¥) DCF & i vh il Lk $¢48 H RTS(request to
send)F1 CTS(clear to send)>K ¥l ¥4 {51817 56 RTS 5 CTS KEE(RTS 4y 20 “FH5,CTS Ny 14 F1)H b 55 K Hdh it
K2 346 TR, DAk i AR R A 2 (I TA) s AR A > 7R RTS A1 CTS i B AF JCIRE I A 5L e 2]
RTS/CTS () FEuli R IUX AN R E B F O NAV(network allocation vector){E, 4 e 45 18 ) FE 3l AT B4k A2
Wi A A 8. B 1 ok T TIEEE802.11 BhiSURI FH RTS/CTS 14314 $idfs it i f Pl

SIFS

le—

Source RTS DATA

SIF SIFS
f— [—
Destination CTS ACK

—» DIFS

le—

Other \ NAV
\ NAV

NAV

‘ Other station channel access defered J Start backoff

Fig.1 Use RTS/CTS to reserve channel and exchange data frame
1 A RTS/CTS T B £ T8 A% 126 Ko it 75 &

M1 HRT DR A S RN s L 2 R E, T e 4 S A 18 4 N DIFS(DCF InterFrame space), 2 J& JA 3l
BACKOFF B 5 I dhi, 76 15 308 225 PR IS — AN I BRUUT B ssad gl 1.4 V1 Zeads ool 0 I &036 RTS SE45 1. 4 4
DUV A 38 10 1) IRk, 1 S AR 8 o I 38 A SR 2 AN WL RTS R AERS & A A 2 R ZERESE. LI, R 3% RTS (19
HIAR LW S CTS, B & I #8225 SIFS(short InterFrame space)+CTS+DIFS 2 J& 43 3 Wr 35 4+ 2 W k4T 7 1B
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W:Wmin (l)
b) R HOR
W=Wx2+1; if (W>Wpya) W=Wpax 2)

¢) BN IHEL
Backoff Time=Random()xaSlotTime, Random()3J %) 541 F-[0, W] 3)
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BEAHTITA EHE SR, & BB DCF 75 AN AL Ad Hoce %%, —SERF 508 8 280300 )
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H T 3l i BRI ARk B U0 7 L) 23 2 SCHRES, TR BN A B e AL s ik B ) 2 s, e v i jle 2 A3k
ANEHE QI DI Kz _coll ARIRAE ¢ v IV 18] B P RERE T AL 2 AN )¢ _free ARG ¢ v INF[A) Be A by T3 3k 1 >
A (R PR N 1) BEK BE r_pack AR RS B3 B Wit 10 O 4 ¢_suce ARRIL A kD AL I IT 4. AR ¢_coll AN
t_free 7& CSMA/CA L5 38 4+ Bl R T4 AL I B8 SO, I 258 R T AR AS i 2B 4 LLOR P A 00 -

oL 1 AGIE T2 W I ¢ free HAXTT ¢ coll 120 ALK B8 A Ji DR A2 24 i 41 28 0 0RO T 2 i A
TR ENLHOS K, 3 B A 6 B IR TR I A
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M PRAE AN ADRT AR 1 L, DR 5 BB LUK R e A AR doe 4 BUE B - ORI B2
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Last time successfully
packet transmission of

this station t coll  pIFS t suce DIFS§

L EBEE

Virtual transmission time (¢_v)

#: empty slots, ¢_free

Fig.2 Procedure of one successful data packet transmission

K2 — xR KL A i R
2 p4i#EY DCF 1#3%: NSAD (new self-adaptive DCF algorithm)

2.1 NSAD1M YA

EHER 1 5 2 AT AT 40, 4% S8 1Y) DCF Bl BCALFE ZEA% 328 A0 B I 3800 A0 T 224 B8 355 (1) 4 2R 0 78 X 48810 s 4
B W, RUCAR A LATT B4R 36 4 7 1145 N A 00, 38 A lE i 1o 2 AR S Tk g ¢ 3 BB B ) A L R A
PERAL I 2

NSAD & T ik Ui Be 1 B Y 24 F7 8 B O, BN T — A5 5% B il 18 %% D) AR G 1 2 50 1, DU BIE 22 17 5 i 47
FARGUAEN TS Bl 0k 55 307 AR 415 22 i 19X 285 Al 48 B R 25 TR I 1 24 1T 1 2 8000 R/ AR 345 1 sk o £,
5B AR IR A FRAAL Lo AH BLER, FF 0T LU ER 45 AR HE— 25 PR Tl W RN DO/ BRSO B B 4 1M
RIS P R I B R ).

TE . BERE A 1 e SO — R A 16 U T 48 0 VR AR T 38 K A PR ST S K 2 T

A U P ) BT A B 2 ik R AR — IR R T A 326 5080 T 8 3 ) S B0l P R B IR N, 20 TR ¢_coll_avg
Ft_free_avg Rm AERREIAL L FEHIE 2 F1# virtual transmission time) F1 8 JJ7 14l 3 i< 125 PRI K
MFTRH t_coll 1 t_free l (HHITHFHETTIEIT:

t coll avg=Axt coll avg+(1-A)xt_coll “4)
t free_avg=Axt free avg+(1-A)xt free (®)]
I=t_coll _avg/t free avg (6)

I WTRAE A AL Lo GBI AR T B Lo 7658 2.2 9 S VRGN U6 A ). AN P18 BENLE) B 2 35 75 AR S L
{60.9~0.95 2 [ 1118l 3 i, 5 4 LA RTS/CTS 5 e 4R A 10 I AR e 5205 TR DLIT A ¢_coll il ¢_free
I3V S LAV (RN 2 iy 9 4 S0 1 AEL O B AR Lo B, 0 T 8 05 58 40 0 1 R/ FRATTBERE TT R AE oL fid
JA T2 A 2 Y25 1P 1R S RS [ DL R e TR sl T B counter.ﬁﬂ%(l>lopl+0'),|)_|\[mﬂi7i counter Y41 1;101 R
(I<lop—0), Wil K& counter W/ 1TUWIRTE ML 1E M X RIVGE TR counter HAXTHH KT — AN Pl B {E
MAX_counter il 5 e 1 7 (LA, 34 1715 J5 PR3 00 A & 10 (000 ol 20 40 L 41 2 281 2 o 0% A7 FC At 3
2 T 3 G 28 ) 4% mP A7 A A e 1) R T 2R ) B AL N (R A AN T B T b SR AT LA B 10, R bt ) 2% v a0 SR A
PERI GG B B AN 7] AR 0 . b3 /0N B 0L P 3l il A 80 v PR N R, I e 0 A 226 It A, 2R I
M AH, LR 2 AT/ R B 1 I b 0 RAIEA T VA B SR R3] T, BAS 2 3 B2 i 00 4% o VA T 3
DBl VBN /) R 75 AR AN [F) 008 B 11 AL 50,20 T 48 X S A8 ST I ) M ALK/ ORI 224 T o 5% o
JIT AT W )il ) T, AARURH 2 MR U ST LI
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Calculate / value here clear ¢_coll
and ¢ _free, ‘clear counter to 0

J

[

Get and refresh initial window
value here, clear time and

N
counter to 0

DIFS

v
Source R ‘ W‘ DATA ‘
s |
SIFS SIFS
. SIFS le
Destination CTS ACK

E

|
Other | NAV v

NAV

NAV

Other station access defer Start backoff

h 4
v

Fig.3 The calculation of load factor and initial contention window refresh

Bl 3 NSAD 58 2 e H Bl B 4146 5 4+ % 1

Time length of m successful packet

_
transmissions (Lp)
Ist data packet 2nd data packet ”ith data p?CkFt
transmission; transmission; tir?::?éitg%
calculate / calculate / ; ’
Calculate DIFS refresh counter DIFS refresh counter . nghte&i rpfresh ”,
W station time+1 time+1 counter and time reset to 0
Lk ty tv — W is weighted
Other B refreshed,
stations counter, time reset to 0
Fig.4 Initial contention window refresh mechanism

4 WA LR HLE

FU LI B 4 8N TSR BT 7 A6 58 4 1 10 U 1 ¥ T 05 AE [ mins (W max—1)/2).

NSAD #i#lta & DIRTHEZE.
if (I>lop+0) counter=counter+1;
if (I<lop—0) counter=counter—1;
if (time<m) time=time+1
else {
time=0;
//Broadcast the new initial window W;;;
if (counter>MAX_counter){
//relative to node number
counter=0;
Wini=(Winiet1)x2-1;
telse if (counter<—MAX_counter){
//relative to node number
counter=0;
Winie=(Winiet1)/2—1;
telse

// o is the threshold that stimulate counter change
/lcounter count forward or backward according to /

//count transmission time

//contention window is small

//refresh counter
//multiple increase initial window

//contention window is large

//refresh counter

//multiple decrease initial window
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{ VVinit: VVinit;} 5
if (Winie>(Winaxt1)/2-1) Wini=(Wmaxt1)/2—1; //up bound of initial window
if (Winie<Whin) Wini™Wrnins //low bound of initial window
¥
2.2 Ly HITHE

T ST T Bk S TE BN O N S LA WA AR T O NN TG R A A Ll A R 2 PR

R BB NS B IR 7 AR, o 7 IS RI T AT T o8 e KA A T N S G B A W, X8 L [ B AR 6
N Tope BRATT T S AT Lo A% AL 105 A Teon, T, 43 AR A 58 1) 1 247 I KRV 38 34 1A B, T REE — A
s 8 £ B Togagan T3 00 0 0308 7 P4 B AR 80, Ty T 0 990 09 BT 55 5 380455 J06 10 £ Jh KRB A9 5. P
A AL TR, Prree A2 NS A PRIME R Pyyee A2 S8 Bl 3l L0 — 207 PR IS AR B T 5 4 B4 T8 (R AE 22 R B0 R A

ANl KPR IS P IS AR 5 £ 0 PO A AR
Peon = I_NT(I_ T)Nil _(I_T)N
P = (I_T)N (7
P &= N‘r(l—r)N_1

suce

= Tcoll 'Pcoll L I_NT(I_T)N_l _(I_T)N T*

e 8
Tslot '[-)free (I_T)N 1 ( )
R S 8 B R E IR IR, A o 2 B 5 A I I A
Psucc 'Tdata
S= 9)
})succ .Tbusy +})free 'Tslot +Pcoll .Tcoll
HHSCHR[11]PT 45, 224 S f R, 7k Wt 2 T 18T ) 777
(l—T)N+T:‘I_I—NT—(I—z')szO )
VR 50, (-7) ~1-Ne+ N(Z‘l)ﬁﬁ/\iﬁ?%:
- \/[N+2(N—1)(Ti ~DJ/N -1 10
(N-I(T, -1)
K SCHR(10) 7 70 FRA(8), 31T T 3
_[1=pr, (1= ) =l-r)" | - an
’ (l_rom )N

OYRI(11) R W] T 24 {0 25 1 3% 3 ol md By e S BB A Ok AR BT S AN 6 73 7R 1 Lo 124
(IRGERIEE PN A @M IR S a0 i N E O S

1
0.95 K
0.9 \

0.85

I —

0 20 40 60 80 100 120 140
Fig.5 The relationship between /., and current contending stations (T.'=29.0, T,"=331.8)

BS op BT Y U O6 R 26 (T,7=29.0 Rl T,7=331.8)
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0.9%s

0.9.

0.83%s

0.80.

Fig.6 The relationship between /., and average collision slots (140 active nodes)

6 Lop A1V Sl 2 I A 250G AR T 2 3 19 S KN 140)

RS TR, 24T SR T 20 HUIH% Lo JUT AR RE— AN E A, IXAME S T M9, T 5715 AUOBOE X,

Bl 5 R 6 B AR 1, 0 21 i 5 e 0 I T il s B T — AN R A e R R S DU
A SR AN ) AT 1R BV AN 5 TN 224 1 0 4 v P R AR B0 AN B, TR R R 2 o 4 A R KR A R

(T B, BT 38 B 1 UL Y R A R AN MRS . 4k RTS/CT'S 34 390 B Rlf 438 B ] A4 4 RTS+EIFS (9 i
K. 2R F DSSS 2Mbps [{I4 B E H K BE AL i, 7,7=29.0(slots), HE 4 & 5,7,,=0.86.24 1 500 T ) TCP H4 i
R AR I RE R K 7T 75T %) DATA+SIFS+ACK+DIFS, T2 7."=331.8(slots). M4 B 5,0,,=0.95 24 Lk i+t
H & LU A RTS/CTS 346 0 4 130647 19,15 %}Mlﬂ'ﬁmﬁmﬁﬂi TAM# I RTS/CTS 3 30 (1 FR55. by 45 24 iy gk
W 5, B A 3 1 B8 A T LUK (0 A B 1 RS i 8 BT AR A0 R BT DA 18 B 0, 2 1 I AR 2%
FeA B T LKA A B 5 N B A 0 SR B T A 26, R %6 T 23 0B ACK SR 3 1 AR A i 1 AR b o 4
JIA A AR 8183 o5 S N R 326 5 1] AR b T B U A T B I R A U T SR 3 R, W) R T AE
555 ACK B IR J5 45 60 R 326 2R 0 o Al A on N ANGHE P T B30 3 4 SR A5 il it I S v

1T Lope i — AN 535 2y 0l SR 2, S5 R0 A 5 P 0 £ 40, AR P 3K — AR S W1 4R 38 4 0 1 I
RANALAF 1 AT AR Lope VT O 25 AL 7 OS] — A X ST B e AR 7 RV SR ARAEL W, DR 199 5 45
I Tk B e K
2.3 f‘aﬁtﬁmﬁw.,m'—ﬁiﬁat%ﬁ%wa@;e%

JIURTE 4 0 B Wini & 1 _EFERUTE FE 93500 Wonax T Winin. 2 n=10@o[(Winaxt D/ (Winict D], 5B b n RAE R
tlrﬂﬁg TR I 5 4 T 138 K ) IR B 2 R G T 11 o K IR 0\425((IEEE802 11 W E AL RN 7).p 2ub R
T4 T8 T TR ) 4 ARG T Wop A1 N, BRATH LA &5

EIR 1. HEOESNL B N R 4R T A Dfﬁ Winie Z A1) 56 2 3R] T 31 J5 R4 7 1 40 1 B DL
Bt .

n' n-1

2P+ Wy + 1)) (2p) + (Wmax+1)2p"

N- 2]": — =0 i=0 (12)

n'

pi

i=0
Sl 351 8 N A T AR R R gl 25 T AR At 3 5 A R — AR B B N T MR AR R A
p=1-(1-2)"" (13)

=0 (10) AT 7300 ~ SE3) P BATH zop KA 7,24 N AL K A8 FH AL ,122[“%] =e,

1
"N 2

TR
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1

{rf (14)

p=l-e

AR, N LRI R p 3k —AME E .

T 77 R (12) 07 RELH (14), 34T 0] LSRG B LAV ER T B Wi 55 24 00 TG 2k W 2535 335 s B NV R SC &%

KA n=1,2,...,5, Wau=1 023,T."=29.0(for RTS/CTS collision),n’=7fE A 3(12), A TFT LB E] N 5 Wi, Z [ HIAS

WRARL AT A BB RLR 1), B T BRI G AR S DE Wiy B v 555 20 M 200G 3 5 s 8 N

HAWRIR 2tk 56 &R UL ETE NSAD Bipis il i S 470 46 e EE 1R K/ oF S TR0 224 1 T 2% 0 4% 3 sk mU B, A
T SRR 2 0 0% 7 B3ER 50, T BRI P 9 0t 908 LA A e v B AR A7 e B A S0 R 4R 4 T A

Table 1 Relationship between optimal W;,;, and the number of contending stations

R RAAIAE DE Wi 5 AW ELRMES TS AR RER

Wit n N
31 5 6
63 4 12
127 3 23
255 2 45
511 1 83

3 HE&RE

JI AR SR 2 R TR E R A Rk, AR A T Berkeley k2% ) NS(network simulator)ffj B 1 2 3047 W 2%
D7 30,5305 BLR 07 BLRBT G T fa A B AT & s v L Ok

(1) BRIA FATTAIE 98 1 B 2 20 s e N b g s ol il A0, B DA U2 9T A6 3l i P A 2% 8 i 24 i (hidden
terminal )1 % & 2 Uit (exposed terminal) [ i) 5.

(2) HARRAE P S BN AT LA R AR 5 e R AR PR X B 3R AT T i O A SR GRS A R R A
Al o 0 A AR A A% R ) B AR,

(3) LRAFIX B K Wi & e FL2 BR 4 il i AR I 5 2 1K), AN 45 R R ph XA 2 5 i 6T ML 5 25 5 i 3.

07 EAR A0 R 2 B N ASBENL A0 1795 55 7 28 A 40 ISR A 35 719 s 2 (A1 7. TCP 342, 77 W FTP ik
G 7 BTs AR B FR A AR A SURE S T S A o A T AR Y B LA . TCP WA R )2 New
Reno. M 45 41 $hF1 T S 400 B L3 2.

Node2N-2 Node2N-1

Fig7 Simulation topology of N nodes
Kl 7 NAST R
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Table 2 Simulation model parameter set

F2 THBRSHRE

Channel bit rate (bps) 2M
Number of nodes 4,10,30,50,70,100,140

Window upper and lower bound 31,1023

FTP start and stop time (s) 10.0,135.0

lopt 0.85 (RTS/CTS)
Window adjustment threshold o 0.3
MAX_counter |_M / 2J+l
Data payload length (bytes) 1500

4 MESERRSH

41 HEHEMNFHELIH

Bl 8 & R Gr A kR i A (R DG R M 2R L R A R 2 10 IR [R) R 74 B &5 R 39 (. A
FAT LLE L BE S T S B I N, NSAD i RS 2 5 DCF A 580 K R4 . 4 OB 22 Ik R it v I S
g 140 IR, A3 R A B 40%. T AU £ I NSAD 5 225N, R I ER E TR TR

15 -
14

1.3 4

Goodput (Mb/s)
= - o
L 1 L

<
)
1

0 10 20 30 40 50 60 70 80

Communication pairs
Fig.8 Relation between goodput and number of contending stations
B8 ik BRI R 1] 5C & £k ]
FATE IR T M 5& T Wi~ (1 i 2 Vel B8 T A RS 0 2 PRI 55 3K #os 28 i AN TEAS
XF 2 I ) B AE P 9 T IRATT AT LA B, WA P PEAE TS B0 22 I 2 Ok W Y.

r= [i}f(f))z / [n‘i]f(i)z] (15)
12 ZEHH

MIE 9 HE 10 W] LUF £),DCF £ H 5030 F Z A bl a) S 4 VEE K, NSAD HURERIIT 4G, 8 R BE IR 19
BB AR I KA AL, 2 JE A 2 AL Tt AT A NSAD (T AL ) A8 AR G b B RS )2 B % ol Tk
AT 2 TR R S8 4 I R HEL AR A
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1.00 1

0.95 <

0.90

Fairness

0.85

0.80 -

0 10 20 30 40 50 60 70 80
Communication pairs

Fig.9 Relationship between fairness and the number of contending stations

K9 o P EATE B 18] 5C &R i £k ]
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Fig.10 DCF and NSAD packet drop comparison (140 nodes)
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Fig.11 Markov chain model of NSAD window mechanism
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