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Abstract  Although a substantial amount of studies have been carried out in order to improve the performance
of IEEE 802.11, most of them focused on how to slowly decrease the Contention Window size, instead of
resetting it to its initial value. Slow decreasing of the window size reduces the collision probability and
increases the channel throughput. Therefore, it is difficult to achieve good results in a heterogeneous network
which coexists with the original DCF. For instance, a Gentle DCF(GDCF) has good performance in a
homogeneous environment, while it can hardly transmit frames in a heterogeneous environment including the
original DCF. It is because the slow decreasing of the window size reduces the transmission probability. In this
paper, we propose a Fast Recovery DCF(FRDCF) to solve this problem. In the FRDCF, the reset mechanism of
the original DCF is maintained to keep the transmission probability high, while a new counter is used to
enhance the performance of the wireless LAN. We prove that, compared with the GDCF, the FRDCF has better
performance in a heterogeneous wireless LAN.

Key Words : 7 LAN, 474 314, 7% WEL=, DCF

[.A & of o] mdlo] 7]%x3% DCF(Distributed Coordination
Function)®] A &&= #eh A47F st W3y

G. Bianchi7} 33} “del(saturation condition)®ll 4] <] A 1 AT AF3 AS o] ek A LANS
#2) & (throughput)el thek ek malle] AR o] F s Aair)s Fo 98lo] AHo|HdE] e

Aol e A dAEHE SE0 V18] wliEel,
“A43]9, DRM inside L
o ’ = o)A R 4F WMo
43)%), DRM inside [EEE 80211 DCF+= ] 152 ¥ Q3 (binary
A, st exponential backoff) ¢i1e] &S Faate] g o] Eo]
ST 20101051 R 20101130 BN ZANE A5 AFE PLAALE AEHE

A4 L=} 2010.12.15

- 307 -



2 LANe|AM 9]

BT W 7y

g s S

o] s FES A7l Al 74 S0l el
o -

T el

PN

(T

(CW: Contention Window)2] =715 &7A]
713, e AL o= CW 7|2 7] gho & A)
A (reset) 3}, F-4 AL S FR8ks 2H o9 7}
s7VTE 5 WA 7ol SUkeHAl Hof, o] A§-
ol 802.11 DCFe] CW Al o] F& 7Feds S7HIA
CWel A717F thr] HA ghow E7] Heol A=
=Y AAES oE 7 de EARS WAk A
=3

ole] &

o E o

olfE AAZA FHE B AdTFEC] 74

d
o ® 80211 DCFe] Q.

LANG| 5 &= A1
= dargle] Al RS ek HES Agtet
(e]

=g 248 Fojght}. SD(Slow CW Decrease) ol 4=
2go]do] Agel dgetA =H CWE 7] #e=Z A
AAs= A gizle] 1 A7]E jEeE Fole |
&3ttt CWe 27]& 33| (slow) THAAA A
Sh= ~HolAES 47 BETE S5 2 &
HH oz ZAaAZ) SDeF FAEAINE B8 213}
9] © 2= GDCF(Gentle DCF)Y:= CWe] 217]=
FAl(gentle) 7FaxA7]= WS ARE-SHCE GDCFell &
e Az orlle] ZE e digh Aol A&5H
e AFovt CWe Z7]E vho s ARl
53z ol FEo| WAste] CW7H 3HH &+
=, The o] ZeddEo] d&aA 43T w7bx] CW
o] A7)E aYE FHAIZIT) gkl Ao wef 54
Aol ARgEo| AR Folst= 2HOAES ol =
HAolgt & £ & T 5 e Bk
SDY GDCF¢} #Zo] Al Fits /st s
FES FAaA77] S CW 3he 39 o=
=

i

fol @

o)

o

2 e

fo r = ot oo b

{1

Ol

> K o

H

==

FAH ==, o= E3t dE Al FES 7Har]T]
v A49E 2 FA Aded Fojshis BE 2o
AEo] FA3 daelFs AHEte FF(homogeneous)
oAM= & EA7E §lE 7 AN AR vE dare
=& AME3F= o] 7] (heterogenous) $HE A= AlZbek
TAE ZUT 4 Ak DCFeF GDCF ¢ag5e AH-
gl ZHo|AE0] e A Aol FEshs A9-olle
GDCF ZHlo|idE9] 44 e I3k

A A= 8
DCF ZHo]d g0l ¢ 2& Ade A3t .
B oA oleld EAIRS alAsty] fste] o
71% gdell A 802.11 DCF$} &<=°] 755t
LAN®| A5

it

PIND 5

%2,

+ Fast Recovery

DCF(FRDCF) ¢Hie]%S A|¢ksttl, FRDCF: DCFe)
A s g ARRSkaL, FEo] A 7ol
CWel 2715 #:te] AFYE CWe 27|22 B34
e g8 F7H4.0 2 FROCFY 4% a4
27171 913 N-DCF” &tue]%< 448 N-FRDCFZ

1. IEEE 802.11 DCF

DCF(Distributed Coordination Function)+= IEEE
802.11 F=ollA ofef ZElo]ido] FdmjAlol thal 5]
o AAA o= {3 u AT 5 gl 7R T =
S s dsks Wlelth DCFe A4 o2 F7kshs )
o= dugHs Hestuy WMoz A o|X|(backoff
stage), M 2.3 7}-2-E (backoff counter), CW2] A 7}4]
/A EE ARE-S) Mo = AE|o]AE g} P iE 0
oA L(Ht Zelo]A]) Atele] gk zkar, ZF 971 A

2
o)

=
o
[Kl
N
Mo
Anj
rir
o
X
Q
5
S
>,
o
1o
o
o
=
o

o 1 ofy

A3k SHEE dH (random) sl A E T FEo] A
2ol sjZlE HEate]= 2ol Ee] Bk

at7] wiZol, v A Al Al T 7 A
3

=Y

o o

il
ox
ot
ful
O
=
1o
B
=
i
~N
rir
Q
S
2
)
ui)
_
o
o

if A% A& then
CWew = CWain
else
CWhew =
end if

il CWax, 2 X CWa)

a9 18
[e)

]

DCF 7%l A @] o] 712471 S2hs 1
o] FiL Itk

7
021190149l ZH A+ 4 (Interframe

- 308 -



2010 12€ = dBal8ts] =7 #1038 A65

Space) A Hts AAs] 9ok AREHT 1
T AS ZHYxr HASIFS: Short InterFrame
Space), DCF =Z#dzt 7+4(DIFS: DCF InterFrame
Space), PCF Z# 43t FHA(PIFS: PCF  InterFrame
Space)©] At} SIFS+ 34 &<l $HHACK) 3 22 F
A AEE 7 ZY ] s 98 ARE-E AL DIFS
= Hxe A FF ARolth DIFSHETE Hf 71 A7kl
AL gl E)F Ado] i AEjold WS A
ol Hsto] dEs A= vk PIFSE F744
(Contention Free) &2 S PCF(Point Coordination
Function)ol] ¢]ste] Al&-¥th DCFE 713 - W oll
Al Aldol {5 Aol wrES Yo X JeHE
Adste] Aol ok Hs thr]ge) Aol g
<2 7t 9ErES Ad dEE Eelskd

Aplel Mo FLRE S A Uit vE

7]9] Wi o3 FLRH 7} Oo] & uf xdo]
= Aol @:1’6}01 z e A
, ACK Z#| o] 418 F3ll 7l&ol djgh

‘21

KN
=

ST W

N
T

>~

A A
o 54
Aol

o
ol

2
H

% oo o

—|~
o oX,
A,

g
s
g

oX,
o
O,
[kl
o)
ules
o
oX,

o
ax
o
HU
RN
i

U
N
il
P
N
Fy
[
2
0}% o)
o

" 01}1'
i
il

Kl U\I C+>4
E
-10
2
rlr
a
=

[\
=z
fitl
ol\
N
N
>
™
ful
=
o
|
Nt
N
LR
)
N
)
o
s
ful
N

Station B

Station DIFS__4 PHY | MAC Payload
ﬂ—'/ Backofl| Hor | Hor Y

SH’S DIFS Station
T Backoff c
ACK

DIFS

T collision

T success

I3 1. DCFY 718 A 7Y
Fig.1 Basic Access Mechanism of DCF

oZ,
o
ot
T
2
N R

=obx] A de) A I3 :
(Saturatlon) %7 3t e] DCF 7]®ol sk S8k
4 Bd G, Bianchi7} Aoksraloi?,

2. Slow CW Decrease 7]™
DCFe] AR EA14S Beketr] fl8ke] Qiang Nit
SD(Slow CW Decrease) 7| oA A% A3 o] CW
o] =72 A 7FaAF)E= S gotatgd 1:}[4] SD
7] = ﬁ*ﬁo}b *Eﬂowﬁ

= maxXCWin, d x CWa)
= minl CWhax, 2 X CWa)
3. Gentle DCF 714

GDCF 2791 w5-2

= LB =
A7 B0 BT Fug Ban1 SD dd
4

S| Apol s wed] Hlalehd, GDCF= e/l 4
H AFo] Aashi CWe| A7])& wre & 21t} GDCF
A CW 2715 etstAl ZHaA71E B2 24 2
ofeti= 2HO|AES] 47 B A9 AP AMRES
A FYAZ 5 k. GDCFe A7 A58 A
Foll AFgt o] 75 7|55 7REEE FAsloF
3ty GDCFY daugEe v 2
2Hlo|o] JFA o= 2 9ds Eetd, GDCF=
CWe] 2715 FAA71L, A% 43S Agste 7HE

£ 1 7M1k

2Hlo]do] c7ie] A&H Ty dlS HFshed 4
3ld, GDCF= CWE HFoz Folal 2 o]X] o A]9]
WOz JREHE [0, OW,_ ] Atele] A gtow e

.
A% AT AFE 715k ASEE 002 2718
@l sHoldo] A Zelole] FEo] Walehy
DCFelAlsh o] CWel 21712 % w2 37k4713, @
&8 4Fe V1% AHeEE 008 U4
1% 2 GDCFe] citell whe %3} 7288 bl
o, DCFe] A2l &3t wlinet] 8 1941 5070] 2 Hel

- 309 -



0 LANOIA 9] a1 Et e

[

71

A ol e Rreke 3 el Ve o,
cit> 1, 2 4, 8, 161 thell 2dstitt. Aol AHg-H i
AW e E 1o LEriSich el Moz A
| SH2] 4 (analysis) A3} gk UeblH, 713
= e Aol A3t g ety citol
7kl me AAHQ Aol FAHE AL HAY
I C
A=

]

o
2
M

T =

on L
S
2,
=
%
R
oX,

a! O\ r
2,
2
o
At
rir
e
o
o
a3
4

7 A&l Ad 5 Alte] Ha
olg}gt o] f-& C. Wang 5 74 & A5S YEh

e g 4 EE 82 AFata Yol B m=RdAE
fox]

Aelg

,,,,,,,,,,,,

F

3

iz

~-- GDCF(e=1), Analysis
& GDCF(c=1), Simulation
----- GDCF(c=2), Analysis
0.70 H v Gocr(e=2), smulation

GDCF(c=4), Analysis
& GDCF(c=4), Simulation

Hral

-~ GDCF(c=8), Analysis
4 GDCF(c=8), Simulation

0.65 H ... aocr(e=18), Anaysis

= GDGF(c=16). Simulation

—— DCF, Analysis

* DCF, Simulation

0.60

0 5 10 15 20 25 30 35 40 45 50
AH[O[H o=

I 2. GDCFe] x3} A&
Fig.2 Saturation throughput of GDCF

4. N-DCF 7]

N-DCF9] Ajd A WL DCR
43t} DCFoRe] 2pol#& zhebs] Ams)
Hlolde] mo s 71-8-E17} 07}
A zrab 2148 N7 =2¢) _
A Zel Y AFol Aastn N-171e] e el diaiA
e ZHelAER D S 919 A4S g vt
2 A&ste]
7ske] s
7} 2k

f
i
°,
_?L
=
)
tlo
>
>

o 1
2
[l
=
oo,

S

Zeo]ARl A WA el dgol deshd, A=
2ol oz E old Z el th3k ACKE FA13

F SIFS AIRHE 710§ v Ze s A5ohs 8

oz Hd N7 wloly =z e A .

NWA dloly =z 9l& dEek § N-DCF 8ol
o

<)
& wemg Aaste] A 34 B4 thAl AP
el o] A%E NS Hlole] Ze9)& 73 9]
A SoR, AWH WO S A A% A
= ke ez spge] 1] Aol & 9] dele

[k
v}
s
=
=
&)
Ku)

)
o] A4 e adlz fAska, DCFell 5 sid<
93k RSC(returnable stage counter) 7H&-E]& F7}3}o]
A&, FRDCF] H & AsS 971 918 N-DCF
714e 489 N-FRDCFE Alratcy.

= )

o 2717 @A) A Feel A FAHE FEol B
@ 3Hgo] Am EF = 27)9 CWel 93 AT
F e RE ALS AR ¢ Yt HF 2)%a
Skt 4 917] WlEolth FROCFE: olsh o] whil
AR CW 21719 MACE FE] M4 FES 7hA
A A% FAAITE FROCFE thest o] F2hahe
2

SEol BAAS 4F, dA 2= olX]7} RSCH.Th
o, FRDCF+= ths Z=H|o]AE RSCe| #ho = tiA]
ohal, 1%X] o A oA 1S rgit

Aol AE8hH, FRDCFE= @A) 28 o] #Z RSCell

o

- 310 -



20103 129 SRS

Aets] =2A 410 A6s

2
o3
o

¢

2
b
) ot
ox Iy
ol @1

[3HAIZIE

o 7f-ol= RSCE 14 FHAA7]T.

2. N—=FRDCF 7]¥

N-DCF= N-1719] =& Q) Ao sl S5 2 Hat
Mox oW AASY AHeE FYARIh
N-FRDCF= N-DCF9] &318]%&-S FRDCFd| 48311,

18 3& o] ML HojFET)
N-FRDCF¢] ¢are]&-2 FRDCFe| &atg]sol| ths

oIS} iDiFs) ioFs;
s Backon [ FEmes

{DIFS - - DIFS |
e | 1

Station A

(b}

a9 3. 712 H 71l N-FRDCF9} FRDCF9] H]il
(a) FRDCF Bte]® tho]o]jzzdl (b) N—FRDCF 7]
H(N=3)

Comparison of N-FRDCF and FRDCF in
Basic Access Mechanism

(a) FRDCF Timing Diagram (b) N—-FRDCF
Mechanism(N=3)

A=K

V. 3HH 24

1. FRDCF«] /\6‘1—24 H/d

2% 4% FRDCF] vk A9 2d(Markov Chain
Model) 9] “8] Heo] tho]oj13S wojEry FRDCF
55 B7ket7] 918l G. Bianchiol AA1E 7HdES A

Satn? 17 = nje) A ZeoldEel
*Eﬂ oJdEd Y Bl 2 dEe] dvka 7pgdith
afite] zglo] el djste] b(t)E 2HlolAe] &S 5t
] Aol 7|tk o sF= A)71Fe] oFof tisl W o =

& WERITh b g2 WMoz XeolA 14 (0,
Wi-1) AbelellA] 3k gE= dddstA dednh

2 W 0=i=m 1
"W m+1<i< L. M

19 4. FRDCF9] vl== A9l ndl
Fig.4 Markov Chain Model of FRDCF

4 (DA Wil 27] MO Q2SS vhehal
s WMo 2EolAE Yehl= Y ZEA 2o
e AREtellA 35 28 o]A(0, ..., m)E YFER
o Z2 A2 el o)A 7]-7(459— ALgalH) o

22512 32k oAk Wkt A9 (s(t), b(t), ct)=

g 5 9tk

&

rlr
=

>

mE‘,

s}

= 1limPls(t)=4,bt)=k,c(t)=r] &

t—> oo
o] Aelof| thall AAHEFE(stationary distribution)Z 7121
thar 7Rty A AEjdlA A A F(chain

regularities)& &3 T3 242 AE =gk

zk7

W, —k
bzkr: I/I/; sz,r’ ke(()?m_l) (2)
Fek
1-p) *%0  i=0,re(0,m)
i€(1,m),r=i
bi.k,r: (1p )bOOO
p
l"L p
(1 p) 0,0,0 ¢ e(m+1.L).r

3)

- 311 -



A (3)l A Le AL 314 gro|th
bz’,o,r :bo,o,rv iE(O,m),r:i. 4)

e 2

ol

A @A by 00 RS ATE AL Fol
A5,

Db 5)

2 2)~0)E AHgste], A 6)°1A by 0= ANt

m+1
fSloef i)

Or:O l—=p =i\ 1—p

MR

I=p) =55
(6)
T 2Ejo|He] &% A7k A FHEE AW
o 2Hlol e Wex 2uolxe] Fgle] oL 7}
FE7F 0] 2 o AEshy] wieel, MEE Zelo]l &
= X3k &5 pE AlLtel] A pe Tkl &5
AlZFA] U A] n-17]9] Z2EjoldE F 24 gk 7]
2Hlo]do] HFd gEo] He As FEgth

i=0r=0
m i m L
D p i—m
:{1+221(1T) +(ﬁ) /‘_Zﬂp }b(),o,o'
@)
p=1—-(01—-7n"" ®)

A 1= A (NellA T vA po] g Foixith
pot 1= A (D @) tal A& AE-ate] 73
T Atk Py dgsh AdeE Wz SN gl

0y

e

b ghgolal, P AHojAle] SRolA Ze¢ol

NPE|P]
(1= P)o+ P, T,(N)+(P,— P,)T,"
(10)

S=

T.(N)= DIFS+ N(H+ E|P]+ 25+ ACK)
+ (2N —1)SIFS,
T.= DIFS+ H+ E[P]+§

(1n

A )l H= PHY, ;. + MAC, ;< Zd9
gltie] A7]e)al, & M3t AA Algholrh o] AeA
N=1¢]"l FRDCF7} €t}.

Al 2=jlo] Ass WA e SlEl, i 16l = wiie
FES AMESlaL djo]2E ol 1023 vlelE, W .,
=32, m=5, L=7& AH&-3tSith 1% 5= N-FRDCF9| +
A 9 A% Ans Yepdoh g yehd B4 A}
AlE ol AE s BA ARk o] ulg- g
itk Ae & ek o] Bdle] A& No| 57F
gl

poll wjel apabEc

% 1. 802.11 A EH o)A g
Table 1. 802.11 Simulation Parameters

Packet payload 8184 bits
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Channel Bit Rate 1 Mbit/s

Propagation Delay 1 us
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DIFS 128 us

Slot Time 50 us
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