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Abstract: Traditional backoff algorithms in IEEE 802.11 networks adopt contention window scheme for collision
resolution. Collided nodes are redistributed in extended window ranges to avoid further collisions. However, as long
as these distribution windows intersect with each other, collision may still occur. To solve this problem, this paper
puts forward a collision classification model to classify collisions into cross collision and intra collision and
proposes to solve them with different policies. It utilizes sequential discrete window distribution (SDWD) scheme
to resolve cross collision by distributing the collided nodes in a series of discrete Elementary Windows and the intra
collision is resolved with an appropriate elementary window size to achieve a tradeoff between intra collision
probability and packet latency. Based on this proposal, two algorithms are developed featuring cross collision
resolution (CCR) and collision-free CCR (CF-CCR). The extensive simulations demonstrate that compared with
IEEE 802.11 DCF protocol, the CCR and CF-CCR algorithms consistently excel, in terms of collision rate,
throughput, delay, fairness and delay jitter. Moreover, CCR and CF-CCR exhibit their respective advantages in
different scenarios.

Key words: |IEEE 802.11; DCF; backoff; collision classification model; sequential discrete window distribution
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IR 89 Rk AT RRAT AR R A B 3CE 2 A AU (sequential discrete window distribution, 78 #& SDWD)#A7 %
R B B E T BB R S R R A X B A M A E O KA R Bt R EFe -t s iR 2
R BT R AR b I T PR o RAGAT Sk Y R o K AT Bk (cross collision resolution, & #& CR)Fe Lo &
- fEAHT % (collision-free CCR, 8 #& CF-CCR).47 A% X & ¥, F IEEE 802.11 DCF #i%X 48 tt,CCR #= CF-CCR £ %
RE. Aok g, SR, NFWABGERFF 7 @A RZ 5 L EANFEETRE 9 ERIE TR A&,
KRR |EEE 802.11;5 A thifl 4 1R 8 0 R 5 FKARA S B3 E 1 oA

HEES %S TP393 SCRRFRIRED: A

IEEE 802.11 &£k W 4% Hh (1) A4 12 A\ F2: 6l (medium access control, i #k MAC) B3 4 57 M 45 55 17] ) 58 4 i
S0, N T SRR T N, TR O AR 1 T I R P 2 R R o 2 1 e T B AR BE MAC IR Sl BT Tl T35 4
] R 5 NAR S T S S0 3 21 b 5 e Ly T 3 G b 98, MAC 3l R FH B AL J (random backoff) HL I, A5 15 A
FE T % 2 B BE LA A5 — BN ), 1\ 32 3B 38 B Bt (backoff stage), FR 47 B 52 F93E JER )3 & 23 40 1K R — TR 3%,

Kl 1 & H T2 N Y 1EEE 802.11 DCF(distributed coordination function) st 5k A< B2 A A 20 7 i &)
AT URAL B 2 W SE A TR A, U 5 i 4 4: 45 W DIFS(DCF interframe space)It} [a] f5 4 fE & 3% £ ¥ A
FETE T, TS SUAE 21T 5% 4+ 7 H (contention window, i #k CW)E [l [0, CW—1] A BEAL 1% B — A~ B0, Bk Ok 38 kv
% 4% (backoff counter,f&jFK BC),H: LA B A B FF 4 1047 18 8k A 20 R — > 1 Bt JB T 428 (e s 1, 534824 O
S5 T BRI A SR B 1R A 3 PR A O g R I R, L B 1 IE 4225 N DIFS S 4k S ik il
2841 DCF 5 FH 3k 1 45 %i0iB 8 5235 BEB(binary exponential backoff)E. 3 1) 35 4+ % A 4 {H A CWiin. 7545
UKL RGO A T VDA, LA B KA CWinax.—— BLURIZ ), 58 0 B AL RN T B CWoi-

CW, =min(2'CW,,,CW.,,,), upon collision
{CWO =CW,,,, upon success

FErbi ARFR AR B B, OB T A R R A B T e B R — IR T R 2k DA SR T I 1 o Sk
H5 4T Ak S W B R T R SR IR B 4 41 BT 45 SIFS(short interframe space) I 8] Ji5 [A13% — AN A (S
ACK (acknowledgement). i & & 3% 5 2 AT S IR e 3 ACK, 28 B A% By 2% e, T2 T3 ik £ v B (b 17 0 — 56

> DIFS "

Sender DATA

SIES

— -
Receiver ACK

» DIFS o
CW
Others
Defer access Backoff after defer

Fig.1 Basic access mode of IEEE 802.11 DCF

Kl 1 1EEE 802.11 DCF Ppis iy FE A3 A
At 43¢ 10 1R JE S5 I M) P T Tt a5 ) AL A ok O o 5 3 o A A [ DK/ 18 i 1 L P L 32 TBCAS [+
B TE T B 8 A ST el S (10 388 . 4 FRAVT T R A 3 3 B TR 05T X X % e SR 1 SR AT IR TR 23 T R X
3 T 0 I A R o SR IR A 1) 5 AT A B FRATTIA Ay, 0 0% o A7 A0 4 P R AN () 1 JB ) 20 2 o 5%, 2 42 R X
AN 07 CREAT W AT O B, FRATTHR Y T — ol o 5% 0 SR Y R R T B Y B2t 17 R b SR AR T SRR Y G
SAAUR R MAC 2 1R 853, 15 180 5 A 41 G0 28 3 S5 VE A7 AT 1) ) AL, 348 L0 JRAT T 1 o 5 43 R Y Bt ),
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W A0 4 2 Y 4y Sl U v L S AN T 5 28 B R i BT LR O 4 R D o S A BT 0 o 58 gy S R BT
CCR(collision classification resolution) G 5% 73 S g A1 52: CF-CCR(collision-free CCR).{j EL 45 KA 55 5 it
o B JE A SCHEAT R4S

1 AXIE

T SRR, B B SV Y R 36 T T U0 B B 1 A S I B R B R 11, DA Bl A S IR I 4% 1) B
DRI, 6 s 7 1 30 2 3 3 LA B LA s o 3 A i 2 B,

BEB {4y KiEMINE BHHEE RS DR CWain, T 30K IE KI5 G o] BE B NS 18 500 T 4
WK SF kR G, MILD(multiplicative increase and linear decrease)®Ir 4 ¥k 43 4H & 1% 25 I J5 #0035 4 5 D 19K
1.5 £5, 3 HACRER SO el Jo s DE 2o PE s 1,08 G 17 38 38 1) B /N AR AR R B8 7 APk AR TR A
TRV F 24 DUHLAEI,MILD 43 8O [N 45 £ 38 X 2 i) f) 3 36 i 11342 i) 0o,

SD_DCCHE b J - M 3 KELAR Py 20 A 343 N 45 Hh1) 3 38 57925 0 3o A 40 3 S 5000 ot ke o 326 I v 4 1A
2% [ 18 BEB HOR AT S 0 2 2 HRIR S, B AR b A

E NSAD(new self-adaptive DCF)®lh, 4 5 ol By 532 — AR SR, I AS B T CW g CW i, T 2 K5 1L 5
HIMIURTE 4 BT 1 CWiie BN s M 24 T 00 552 28] 119 Do) 285l 43 ol - 0 2 I I K S 1 57 24 i 7 31 K/ o Tl
P AR A Lope (0 B 45 SRR 3 2D Y 48 CWinir, NSAD 3 328 7 K00 i 485 45 DA S 10 B 1R R AR 28 Pk,
[FIFE 27 K 7 DR )

554 A 12/ 5T 1% SD(slow CW decrease) P17 jl by 42 336 — AN SO K54 A8 10 5 4 77 180/ A J oK 11
SF%(5=0.9).1fi /& MIMD(multiplicative increase multiplicative decrease)! %t i 11y /Js i 2 5 b 455 U R 3% 1 2 I
#RK CW 752 EIED(exponential increase exponential decrease)l)S% M 7 — i 8 Sy FH i 8592:, 244 S0 R % LT
J& JH CW/rp 5580 CW;HR SC R 125 Ul CWr BE 37 CW.

MIMLD(multiplicative increase multiplicative/linear decrease)™ % #Mii | T — 34 CWoasic 1 4 [X 43 9 2%
TEAHFR L RFRUE. 2 CW>CWaasic I, A A 36 4+ B0 AR SC BTN R 326 Jia #4074 10 9 f 4 ) 2 ke ik, CW 1.

LMILD(linear/multiplicative increase linear decrease)™ i % 1% 2 W7 A5 (1) CW R34 Ky JEUR Y m 425, [FT
T 3 ] 5 AR A RO CW BB K e i B AR AR ST T T KUK CW (B AR 1 D3

GDCF(gentle DCF)MVS L J s - FUAT 2474 103 S8 jl Th R 3% 45 TN R SCR A% 56 4 % DB I8/ — - .GDCF
AT LS REFE 00 58 9 At — 265 ik 45 5 i AR 0 75 SR 9 45

2 MESAERE

21 75 #

JEAE RINT 25T S W S5 5 4 0 11 K/ R R 2 e 0 3 e B AT AR T2 A8t S o AL i S 1) R AR i
) SR A AT AL A S R D R e ok R %) W AL 2 SR L 5 3 AN TR K /N [ S L P B L3 ECAN () 1
T B2 Sk ST 5 1) A A 3B TR 5 1)V A W] R R — N L AR Y s BT o 0 I R R AT A 2 B
SRR A AU HRE T R IR IR 7 58,100 L3I0 7 2r 4148 IR 45 R Gt e A SR AR K .

FHEFRATLLIL ALK IEEE 802.11 B Ay i, 15t W A% G0 38 8 VA A7 A6 1V 1) AL 4 P8 2 o MR 3 AT ab
A 34 b TR B B 0,258 4 T 0K/ R [0,CWi=11.3 AT A4 I BEALIEE 1 R T BRSO ) A1 kT
W5 a f b I T R — B BRIEAT %, T LALE B 2, AR R AR A A ph 52 P S A a R b TR HE NGB R B (i+1),
KA e 45 00 [0,2CW—1], R 63T B 10 b 35 % B 18 v B (8, e 1 O — IR AR B I I B
B9 1R k(23T @ A bR ) Al TG S I A bR ) R IE I R k A A TR BE i 1Y ¢ T R AR AT &,
TRAE k N2, 4b TR BERN B i 1K) © 75 sURIAL T 3B BE R B (i+1) 1R 757 55 /) IR a8 73 A, T 0 B S AN HE T 1Y
X S R AETE P4 T A TR 38 8 BET 2 TR PR AR 3 i, R Y 2l C AT R e (U b9 50, fHE AT
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IRANRECRAE L ) 21 (¥ ) D A3k

HI TSR AT T T AL A3 TR U, A 58 S0 JF AN RE A FELABL 0 o SR A BT 00R L 2 00 2 ) LA 1Y 1 1) I
W RR I T HIE, i ROBT IR 3 2L S B U AE AR T AR SR Y e ¢ T BASE 3K IR RO Hh Y e b RS AR T
TEHCT ¢ 7 R B I B DA & HR) R I 2, G BUAS R I A 1 B K R 7 LR T R R S T R e R

0 a c
Backoff '\ || |y | jcw-1
stage i
b a
Backoff 0 CWi-1-j 2CWi-1
stage (i+1) IR AR
bl
Time
0 } >
] k CWi-1 |

Fig.2 Ilustration of collision resolution in IEEE 802.11 networks of traditional backoff algorithms
Kl 2 IEEE 802.11 [ 4% A1 3B e S S A 7 i ]

I W EEAAEE 70 LA EAREERE R 5 2 b ST P B R SR BT A REIL A 1 IR R R AR
ANKE T[] — SR A B 1R 755 a2 [A] (I) A A JE Y B i 971 A a R A b); T 28 2 a5 D R AEFE PR AN A T AN )R
TERY B IR i ) (A TR BERT B T I R ¢ AL TR BERY B (i+1) B 75 s 7). AR i ST R BT A ) AR SRR B R
ANTR) FRATTHE 19X 5% v 1 4 2L 5 K 43 1l R 24828 X3 5 (cross: collision) AT [R] 25 ¢ 5 (intra collision). BT i 28 L ph 58,
FEAR AR ST AL AN [R] PR AR B B 1T () e 5 v e ST U AL T ) AR RERY B i 18] 2 R AR AR
A a FIS R b AN SRR A () b € T 4% 1 b RIS A ¢ TT R p 5 IR A A8 S k.

T3 4 (8 0 A AT AR B, 2 i LA 2 77 AR S P el AR AT 200 R AR AS DR Bt (1155 0, JLAR AR Ji PRI 7 TR 2 77
3 TR AR 3 i) g A T PR R () A AR R R B TR S, S B A AT AR IR — I B A S R IE I %,
M5 NHTIR) 23 20 00 58 T8 2 B JEG AT V50 AT — T SR R 8 77 20030 e el 5 A4 779 o 397 228 % 1) R 26 I B b HG A 79
FUEAT MR 200 RAFAEIXRE I3, I8 2% Z e G 14 £ T 0 B & A 1R AT B 101 T FRAT Tl A %o 1% i) i
BEAT B ARG
2.2 XX MREEERS

B E £ |EEE 802.11 194 2% v 75 ki Ak T+ 3B B BE i, 3458 4+ & 11K/ CWi(0<i<imax, CWininSCWi<CWingy) i 47
TEER JO<j<CWi—1) A I B A 28 0 58, U195 s 043 1 0 FRO R 28 o 11,380 IR 38R I B (i+1). 1 1] 2 s, B 3k B (i+1)
IR 5% 4 1 111K /N 9 [0,2CW,—1]. B HR 1T BH 52358 43 3 7 R S 1B T 7 1 R 28 4. B Ai] e X & % (superposition rate, ffi]
PR SR) A 56 4 1 1 A 25 1R 3 40 oy L 2H e 43 1) L 3], B

_ sizeof (Intersection of Contention Windows)

= 1
' sizeof (Contention Window for Backoff Stage i) )
Ferb, R % sizeof (-) s B K/ T i LA 281 1 A DR 8 i B 1) o 8 42 00 031 Ay
sr oW loi+l ) ] @
CwW, Cw,

R =2 ©

2CW, 2 2CW,

[ IR, 56 40 7 1Ry CWG il AL -

CW;=2'xCWiin (4)
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SR, =1-—— ®)
2 X CW,,

SR, =1 )

==-___J 6
T2 2M W, ©)

I T M) P L R OR PP A 0 296 P A SO SRR IR KN R T T 00 M, B e AT IR 2 RS A B 5 (1 TR g B B
iR (+1). AE K P AN I8 (1 TR B i) A A A S R PR A B A A

o GbT RN B (i+1) F T R IR AR G U B A AL T X Y, B BCii1 €[0,CWi-1-j], 3, BC KRR
BT HAR A

o TEIREERY B i, AR AT SRR T AU SR (AL T AR 2 LB BCie[j,CWi-1].
DRI b, 76 SR B | A (i 1) 2 ) 2 2B A8 SR 58 (R R Py ()9
Pl (1) < PHBC, €[},CW, ~1}x Pr{BC, , € [0,CW, ~1- jI} @
Hor Pr{BC;e[[j,CW;—11} 35 71~ 12 B A 35 8 71 B8 (E A7 T 45 5 X 45 Y AR ol B e S ss (. 7F s 5 T 38
AoAn, T RA
Pr{BC, <[ j,CW, —1]} = SR, (8)
Pr{BC;,; €[0,CW, -1- jI}=SR;,, ©)
BCAr 5 FE(5)~ A FE(9), AT LA 3
A4 i 2

min

Prcr(i,i+l)(j) <

AR B RS X 58 M R bR B maXPI’cr(i,i+1)(J')fl;¢]kE:
) _ (2I CWmin — J)z

max P i1 (J 2o\ 2 (11)
33 AN S50 PP VR 38 YK R B, E UM T T j € [0,2' CWinin— 11 P9 A B3t KA M
maXPrC,(i,m)(O):l/Z (12)
wME N
; 1
max Pr,, ;1) (2'CW, —1) = PRSI (13)
AR PSR A AR 5 R A X S R K G R RERY B 1k B RAE e B
CW;=CW;1=CW x (14)
BEIN, 55 R AS X SR 28 bR 0N
(2cw,, - j)?
maXPrcr(imaX,imax () =w (15)
A T AL, 22 2 A X (16) I, A8 X S e 2 w] LA JE 55 @ 1.
2'CWpin>>] (16)

EUR DL L FRATHE S T P/ SRR B ) 5 KA X S (LA 45 0 1 X SRR
P T 5 S S B 2 ) U AR 1 1 T W T RS R X S TR X T A A
AR B s 075 0K U8, U0 S 5 P ) A2

s-1
Prcr(s)(j) = Z Prcr(t,s)(j) 2 Prcr(s—l,s)(j) (17)
t=0
H I TT DL, 190 226 m R AE S SRS AN S — A /N IRl A BEAT S35 e v I B2 7 AR 20 25 1.
3 M EREITR A

MR 53 JEAGERY () A1y FE, AN HE B B A G838 JE S35 0 80 8 19 2% o 0 23 AL e SR EAT DX 23, T A 0 5 R e R
SRR 1] £ SRS 1EAT A . L IEEE 802.11 DCF B A 9, 75 R R 5% I, 19 sl N TR — R 8k B B[R] i iy B
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(1 5 4 i 11 T 32 HDOIEL38E v B 2. 2 9 b i SR 0GR T () vk 5 (0 gt A, mT L L 77 1 BSOS B 2

Y FE IR I BT S B S AR R, AN AT S 3R A T 0 2 A AR A AT U T BB 5 | R A S 5 R Sl
29 R TE G 1 Bk L L R AN CWina 1,38 b 5 A 2 5 2 AT LG 9538 0T 1.

BATIN A %oF 43 2 SEREAT 5 BRI 43 S 2 SE LT 540 R AT (0 DG B, 3 FLoh 52 7 AR i BRUAS ), LA 7 XAt
I A% T DX 53, A S ek 5 (A [r) 28 3. TR1 b, o 1A [ (0 pp S 2 20 87 12 SR BT 5 4% [ R 51 1) 1Fh S ARV SRS

R 1 58 43 AT I — A £ 4% 110 1 JE 725 3 12% 8 06 [0 B A AT 3 19 b AS [) S 28 19 ok 52 i LR B2 BR40F 5| N 1)
TFEYEERAT e /N 1, FRATTHE A3 B S A8 S 5% 0 ) 4 3 2 O SR AT S
3.1 XM

A S 52 W g (10— S E B R SR B AR T AR T M A AN I 5 P e
311 BT EEE H A A bl SDWD

BATINAT S 2 0 5 SCHP 32 31 Je % i T 3 TR R A B ML, B AR B T 1 2 (AR AR A T
fie 5 1R AS LMo Y R R A X AT AR AR AL I A 15 B A A R A8 50 4 B o 8 X 3, MR AR B A 248 S S 11 R AR
BT, FRAT TR B TR B ik g 149 A B (sequential discrete window distribution, i #k SDWD). Ho M 4 AR &
T L3 A T 1B AR B BRas X S H .

HARSERE A o R e 4 i DV R A R — N TIR S 4 B CWo AU AN 3 2 43 e IR 2 R i D
(elementary window, [ #% EW). RGEWILAIT, T 5S35 S AEVI G 5 4 1 1 b — H R A2 53 AL b 58 S 0 ok ph o
HE B — AN ST B AR O T IR A T O ) A BRI, 9 HLRR A AR S AN 0 B 4 1 3 4% D (current
contention window) ) 7K uify, JX FF s 6 fRAIF S5 36 AR B 10 2 ) R b T M S B 7 B 8k A 1) (AN T B, AR Sk i T
RPN R

Pl 3 2 B8 AT A3 A SR s e I B P ) SR e i Sk AR — IR R 6 T LU, R R ATIR AL A 1)
5 S ERBEAL AT AEHI GR35 4060 1 CWo b i T 250 1 05 £ 2 B 77 A A A 3 o B8, S 3 e AT T /) — it
ZI RIS W, TR Evh 52 MR SDWD ML, B VIR TE P8 O Bl — AN EAR S O EWL R B Rph 5875 4 1
TR 2 B SE g B Y0 P PR e A AR A B 1 P IR T A 1 R 2 K A EWL BRI OV IR T4
FAEA LR 2,58 B T AR VB E 6T T 3 NS A 4 SR UE S — YGRS, AN T s TR B AT A B 1 B A
T EW2 F AL I O 00 38 38 T 2003 (5 A 15 A AT SR I T IR — B BRAE R 1 O R B BN 221, 2 3k AN
A EW2 FoB PR AL 5. SDWD K 4882 4 B AT A0 0 53 — AN IO IR A T 1 EWA MK G2 HE, T 48 Jp 2 5 T ok
SEARAT

CWo EW1 EW2 EW3 EwW4
D B o e B e B et B o —

Current contention window

Fig.3 Illustration of sequential discrete window distribution scheme
P3G R H T 1) 20 A1 SR s i
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3.1.2  MRMER T
FATILL IEEE 802.11 DCF i My 5, %} Eb 43 41 SDWD HLH 1 SEMER .
WIER F P TR 60 21, i 4 S B R AR e S n AN S BEHL o A AE 5 4 B 11 [0,m=1] b (m {3

FEGT T R/N), PSSR Py i 2

1 n>m
Pri=1,  ml nem (18)
m"(m—n)!
AT ST R 43 A0 5 B p Ay
p=n/m (19)
T R LAAR B 43 20 R 3% ) % Pr2{Succeed } i A2 :
0, p>1
P _
Pr~{Succeed} = m! 0%, 8 (20)
m?™ (m - pm)!

%8 LAY |EEE 802.11 DCF AR 7 357, 1 18] 4 7 ABE 7R IR R B i 364 n(n<m) /N1 mi 345 73 A 1
T4 [0,m=1] B AES j AR 35 k(ke[2,min(n,2m—2n)])/ 5 s 7 i 52 26 40 20, 7 A i 5 T 23X k /l“ﬁ i
AR NGB B B (i+1), IF HAEY K10 38 4 % 11 [0,2m—1] = 5 37 43 A IR X6 A -3 38 By B (i 1) 149 717 s ok ik, 2L
53 A 2 JEEAN T A 105 1D BT 10 5 4 i 11 A BRL WP g 2 RO 38 0 L B%MWmemmﬁﬂ%ﬂ%mamm%

I X A S IR S A (i) 40 e 8 X 4, 3K P A DXl PR 1 AT 4 JE 20 il il A2 -
Prst=k/2m (21)
Pint=pit Pret=N/M+k/2m (22)
v oy AR BB B i TR S 20 AT B pret F pine 23 AR AR 3 B B (i 1) (14 80 4% 950 43 B 7 78 3508 4 1) 4 AT 3% . A
Uk, X DCF B i & , 46 B 38 4 8 10 Bl 2h R 3% 40 I 2R Prpce{Succeed}
Proce{Succeed} = Pry{Succeed in Intersection Part}x Pry.-{Succeed in Rest Part} (23)

k nodes collide

|
Backoff
stage i *\ \!} ” )
0 § m-1-

Backoff { |} e 2m-1
stage (i+1) Pint
/i /! } Prst

I Time

0 —»! Intersection part E<7Rest part

j m-1
Fig.4 Illustration of distribution density
Kl 4 5 i o0 A8 B s i

37 7 B(20)~ 77 F(23) 1S LATE E) DCF B s i i S % 56 B0 Proce ()it A2
Proce (J) =1— Pry{Succeed}

— i) !
-t ) =l 2n+k s i(m+1)(m+1). k @9
-y me g2 e e |
AT SDWD UL PSRBT 59200 850 TS5

ST R G R AFAE ARBE
sizeof(EW)=m (25)

AT LA1F 2/ SDWD HLHIH FE T HVE I v A% Propwo(j) A
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(m—j)! m!

Ik (m—k)! (26)

PrSDWD(j):l_ mp n
(m— i) m[m—j——(m—j)}!
m
[ 5 X Lt T DCF P 3L F1 SDWD AL B 58 B 26 (0% BR 1Y 2080 n AR 4K, 5 40 5 1R/ m=64, ph 515 1 4l k=2).
BT 22 T4 % O/ m LR ST s 300 K AU SR v KT B n, S5 v SN 2 1) PR A AN AR G 5 BT A
50 35 T B TR A5 T TR e, DT T 05 i 1) SR N B b R] U 7R R BRI AUEOR [ 9 4 #F 1 ,.SDWD
B S EE LT 26 4411 T DCF.

1.0 1.0

2 2 e 2

Z 08 = 08 TTng =

g 5 £ 06 g

o . ."': o .0 o
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(a) n=12 (b) n=16 (c) n=20

Fig.5 Collision probability of DCF and SDWD
Kl 5 DCF il SDWD s L

Bl 6 S 1 5% B0 b S R () 5 i LA (b SR R B kO SE AT 1K/ m=64, 3% BR 1T AR
n=20).SDWD HLHIEE G 7 A8 S 5%, 199 255 v AT [ G b A7 AE AR K DU b ST i Bl 22, 8 A ) b 1)
MR UK. T LR DCF B30 E SDWD ML S8 BEA 18T FEATDG S 1 e Dol A o 581 e B0 22 I B A of 5
IS BRI 484 K, SDWD ALl SEME A T2 87 v T+ DCF. A it U, b 5% 19 a3 250822, SDWD WL Ay ol SR gt A7 28 L e

FFAS B LRI AR K AN RTE [l — B 2R 326 43 2, AT 5 35090 2 v 5 TR AU 236 5 A2«
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[ ](m _1)n—k
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Fig.6 Collision probability of DCF and SDWD
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Fig.7 Relation between collided nodes number and collision probability
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4.2 TR EBTEECF-CCR

CCR X AX A 3 55 w43 BC R ST 1) 5 4 T 11, 1 6 00 4 st BB A 24 7 57 5 i 10 Pl P S 20 A RV S v
AT 24 1 T 59 e R T8 N I ] L[] I A 15 G 0 2005 A ) BEL 23 71 e T3 5 5 X O 1D et e v e 5
BB o3 4R b 5.

U P18 s, 5 A LR R 2 AR 20 h R AR SR BRT R AR AR B D EWL b3 A G IR I I 53 Ay K
FULUYVHNICE A0 20).719 5 5 ORI G AR 4 CCR Sk e, B & H IV 38 4 & VS 4 [j, CWo+2xEW], IRl HL ik
BOIR E VT HOE8 (8.5 2 5 WILFIEE | I Z04E 20 B O F ORIE IS BR (FH 538 7R), I Bl 8415 i 2/ 520 v H,
P LA R ECRGEAE | I R0 OO A 98 0] DU 21, JE A pi 2 280 1R ik DR B BRI 21 11K 2 A2 B 0 1, ml 2k 1
TH RS MAAA FET Mo H UL A WL, CCR S K IX A AT SIS AN G 58 43 BR 28 X 58, 5% W T i SEAR AT

1 3 5 1 5 3
i i |
o 4 2]t T | Time
0 : »
h i P m n o
cw [ o o Svee |
o EwW1 EW2

Fig.8 Collisions in collision classification resolution algorithm
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Table 1 Experimental parameters
F1 LRSS

Parameters Value Parameters Value
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Fig.9 Collision rate comparison results Fig.10 Throughput comparison results
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Fig.11 Delay comparison results Fig.12 Fairness comparison results
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