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Abstract

IEEE 802.11 DCF is widely used and able
to avoid the collisions of the hidden terminal
problem in a wireless network. However, there
may be collisions existing in the DCF MAC
protocol. That is, when a node in NAV state does
not receive any control signal, a collision may
occur after the node ends the NAV period. In this
paper, to solve this collision problem, a detailed
analysis about the problem is given. Afterwards,
according to the analysis, we utilize the “mask-
ing effect” and the detection of signal variation
to design the MAC collision avoidance protocol.
With the received signal strength and the varia-
tion of received signal strength of a node, the
node can determine whether there are other
transmissions occurring in the transmission
range. Therefore, a node can determine whether
the period of NAV state can be extended to avoid
collisions. Simulation results show that our pro-
posed MAC protocol can efficiently reduce 60%
and 41% collisions than the IEEE 802.11 DCF
protocol and OCS-MD. In addition, our pro-
posed MAC protocol also shows shorter trans-
mission delay and lower retransmissions than the
802.11 DCF and OCS-MD to have better net-
work throughput.

Keywords. DCF, NAV, collision, SINR



International Journal of Science and Engineering

S £ Rl R % * IEEE 802.11
a/g/b/nit % @ ﬁig?]f%i’ # ¢ |EEE 802.11 Dis-
tributed Coordination Function(DCF)[3]#i4
w4 - f1* BEB ;& (Binary Expo-
nential Backoff Algorithm) 14 2 /_f;i%zgk 18R
¥4 (Virtual Carrier Sense Mechanismik %
o o Tﬁﬁiﬁﬁﬁé_i i cBEB i B 2 £ &
i’ré @ﬁ?]é*ﬁ EHEOERT RER S @‘,L@ﬁ%lh’w"ﬁ
B ﬁi\/ﬁ‘»"#/?ﬁgﬁfé*wiﬁ 2 K
(Four-Way Handshake % 3¢ & 1331%1@ i
# > H 4~ w5 RTS (Request to
Send)~ CTS( Clear to Send~ DATA 17 3 ACK
T SEAEBETHLGEAR AT AR
o RFEDITH 2 FEK i@%*"fﬁ—%i’#%”li%‘\

2] PR S =l I Y B

% & xngwsrﬁm%,ﬁﬁg
v R CTS £4l5u g o i 4 je Pl Ap s o0

CTSHHlmElis » TR 4y rs‘i'ﬁ;]*i (DATA) -
1 a‘i‘eﬂ&:?‘fﬁ FEAFF BEIFTHEEr R ACK
EEE R e L LRy -2
| RTS 2 CTS ##35LeraifiT & 8L € X B
NAV ( Network Allocation Vectod ;& it » NAV
AR T DE LA L ML LR TR
B e e g ot f;izﬁ?r] » B3 @ﬁ"’?l“% g 1 # NAV &
ﬁéﬁ;’% o |EEE 802.11 DCR# | 8 X Fx iF2& =
A A O @ﬂia?] N R e R
T oo dE A o

4ol 1.1 5 &) géﬁ‘%Af@ﬁ?‘n‘—”{l%%
B gdififie » Ll @@] PO 5 13

AT A @ﬁ%}”“}‘mﬁﬁ"} » e E¥&er D
F:%’-’&r.@:i?#—’ o HEE D HiFD e EFED
5= v CTSP » d *2 8T 5 8 C & NAV

Eo 2 mE B A GARERIPN > Flpta g C

D ##% i sfrlu st CTS e #ot 4
C f{r_%‘?\ NAV}%@L?;%}T’;?Q:%%JB% ’

Bl L1rif 42T 2 B
ENESERAE; S g el S I
AR ey 4 0 A 802.11DCH& 4] T che 18 2 35
#FEEF* # Fyr4l(Power controByn= = - 41
RS AL S oah 50 f@ﬁ%fhﬁ[ﬁ‘ﬁ
s TR D E B S e P RE o AR A 4 ﬂﬁ
«F P 3414t ¢ (RTSICTSystia ¥ 4= -

W f RS B RE S B R f 0 8 R R
Pt E T A Pl B A S R
eom ¥ - FRAAEPFPEDFTYT > &
Time-Division Multiple-Access(TDMA} 4% =
GO SR EH 7 kO F % P (Time slot)
i%&@ﬁ%ﬂv@@ﬁ$%W£1%§4’

;;go ‘..,fgu ;im‘% JES ’&E,{.ﬁ *#;—;af frﬂ*ﬁ“r

Blen= S i - s R R AL A E

B TR > G A R A L )
LR

Mg P AP - BRI
WA foflr Bl R g JEE - B IEEE
802.11 MACHLH # % 15 %+ 2 1 F £ A4 4540
BRI F AR RRELDFL ek d
(832 & o) (FROALPA S {rffm - &%
&g B AL A TR 3 - fﬁ*ﬂ%ﬁ%&ﬁiiﬁtﬁrm—%
Fo @ EEET U R T A £
NAV B%F” ’ 'lﬁfé’u}‘“‘ﬂh_ 3 ML E R
Jr P RS B EORIUBL R R en 50 R K gy
F g A ‘YFP“%*«L Bl BENE NAV R
R end T pE R > LB LR R R 2 o

CARMAE Y

t IEEE 802.11 DCH##| ™ [1]% 5 £
THBBT 0 4 H - @ﬁ%lﬁ$ (Single Ratg
BETHE - B ‘e{aﬂ!—qfﬁi@ﬁﬁ]’ Fio- R FE
fFJ %’%imléﬁl%ls‘ﬂ LS ‘Lﬁim@ﬁ] & 4p

»RIART & BT FIRELE K B NAV
%&]ﬁ??jﬁiﬂﬁiﬁﬂ%%‘%@]#ﬁi ot 5 E
i % (Multi-Rate) k5T » % - i & 8
FTEOERAEL BEE SR 7 il
FE T AU R PR UBLIEA H T B
IR A LR AR Pamx@ﬁ%]%
o os _m@ﬁ;li—f li’ﬁs?%fflﬁi B RGNt
ﬁglﬁ F ¥ 1A ﬁaf?gﬁ%gfa&’] ER @ﬁ;—l;é
H g2 T o L ;@é’u;ﬁ ITHEEFEIIE
WM ePE BE FLEr A EA K @ R A
7 @ﬁ%};ﬁ B iR

WG IS FT Y hfRAAAE R R P
®RA 7 F”a‘ * 4 ( Spatial Reusg: 1/ @uﬁ;l:%
Z p=#] (Transmission Power Contrplz— 3¢
RRARNREREF LRNHEPN 2F S e
AR FL @ FeERFHmIEE
IPE: S I I I o e < e |
A feen™ 3 @ A f@ﬁﬁé"fﬁviﬁzﬁﬁfﬁﬁ*éﬁwiﬁf

o A4 4’T’§13¢¢iﬁdfﬁm1{;ﬂ“m
BRe B - B E S LA P A U s
F I S it (7E i -



International Journal of Science and Engineering

21 @ﬁiﬁ F

r@ﬁig.];4~,:}""1f 24 @ﬁ;lﬁi?m B
5 ¢/¢%mlﬁﬁfﬁﬂﬁ\ﬁ#
ﬁc%*ﬁﬁﬁ$?%ﬂ%%®ﬁ$ﬁﬁ+’
TR A E NAV R St B G BT R S 3
L H @ Ui S i o 4o F(2.1)
SR g S BRGS0 BT
Wenge FlaE0) o @ 8 & B OTR e B R
YRR PR A

S —— BEREHEE

/ \
/ \
\

I
/
'

\ WEREHE BN RE

B 2.1 @ S
& Shih % 4 #73% 1 e CAPC ( Collision
Avoidance Power Control MAC protocpl[2] &
EANfRAELFIRR A b A d L £ %
Fanh B oo R anuslil £ 5% R ki
s St SEE R E R
#ﬁ)‘ﬁi%]*{‘i% ek G e ¥ b s RCRC
(Receiver Carrier-sensing Range CoveBRPC
( Adaptive Range-Based Power ConirdgB] ~
F-RCRC( Fragmentation-based RCR{4]~ ¢
KR el ﬁig? + # #-4) » MRPC ( Multi-Rate
supported Power Contrpl[5] f] Z_F i > & £
B3 i;f :’ HUETIEER A 0 @ [6-T]H * B 457 &
Pl o # Fribm'i’ﬁ?%?ﬂiﬁﬂ“@ﬁ%ﬁﬂ%
fmf’ l?]” AL o
bl
R AT e3F S P_i B Eﬁ@s’kﬁ )G ]
BAIA LD 5 AP BT
S ERF EWEET A g BEIE e i
e E TS %%im@%]ﬂ S A
wi#&k TR RN R AR S
&Rl AR %ﬁt;%mﬁk"g{r& FOEF A
mr@ﬁiﬂ]ﬁ FiEER pef’\ #E P M B E T R
1‘?!‘[‘1,&.m-1:}§0_5 d Pt dgahipEe g ﬁ;f@
%Jﬁ Fpedl o AR R Rk B A B b en
# AL Fla L] o

22 pEEr 3

B 7 3] (Time-Division)s fiz e113 5% 5 &
#-7 @ﬁ%]‘i?r.%:% - BREBFERRT B
% it £ Backoff timef #l{ris = — Bat &%
iR A fi’éﬁe?lfﬁf’* LER S AR T SEAPES |
Svoe B ﬁi%l & % 2 EBA(Early Backoff
Announcement)[% BLAR P € ST -
Backoff numberis 2 i & 8L > ¥ d B fr.b £
fe - FI;‘FM?FFEIPLFL‘}- l?ﬁ&lmi‘”m’lﬁ_n\{wéiﬁ

s GEbigpsd I ‘J??zﬁ%]%é’ :,ﬁ, B %ﬁ%’jﬁ ¥ it
k- R ERRF 2 R - 7 [9-16]5 1
# B ER ﬁﬂﬁis?]”"ﬂ B 'Miﬁ#*ﬁm”s EAE ]
ﬁi%ﬁflzﬁr B TR RE LSRR

+ 3 > [17-18)% i3 £ Contention Windowsk
= ﬁgf@ﬁ;r]f%ﬁ“ v [19])#-§2 45 + eh & 8Lt hop
count ensBEE B 3 EE PR R AL ‘i—i;@;ﬁ%]
mp%F'* o FRA AT 3 NEERT s R N, &
AT H FIAELA & e R AR AR
,5\‘0

Il R g2 80211
MAC #3238 & F5 2

B0 R A it gl RAE 0 A
HORIUBL R T o L ol & BhA R
TlEAUEL 0 - B A NAV R &z
AR AR EY o AP LS EaR
PRk REFT AT BFRFELAITEEL S
TR A 0 Lde g T R H R &gk
R T ékﬁ@@ﬁﬁﬁ¥wi
o BB T RCH A BT B Ak
#gﬁNAu#uﬁWu@% 4 NAV % i 5%

SHEA A AR 240k B PFE T R B
ﬁ%ﬁﬁﬁ%%%a%%’jfﬁ%ﬁﬁﬁﬁ
Fl B & R @ﬁ%li«‘ﬁm B R LN REL
Pl B e M P B AR & BE LR e P T )
B SR e AR oo iR AF e T
HRE & gL dUsiiEa A HE NAV R
FAAEFE L 3.5 S B RIS FR
Bl TP Tl B & BEeniy R EL R L
YL e R PR A E R %Epr/@ i3
%ﬁWWiﬁﬁm?%%ﬁ SUPE TR 5
R ORIERIAT G OBLESEBEHD &0
By ko NAV R o

3.1 £ a4 B A ehfiR

N F AN T AT A DR (4o B

y$+CﬂﬂAB Wméﬁ@%NNhﬂ
LCF@, » @ 2_{é DE 'gﬁsal’il’ RV IR E e 1
C & 92 e 3] Fpb 2 I 4 47 C 3 i e Bh
27 ¢ DE 2 F chpidi o

o

W 3.0 g s o @ H T LW

1. D5@E> > g amEs RTSpF > »
7L hiES o 4o 3.20

133



International Journal of Science and Engineering

At B EECT T A F A FFRIIASDT R

TR RER S sz e RTSe 3§ AB 9 Exa
CREANAV e e > 2 pPFE CE BX5 7 i

P D &) RTS& ACK o 8 fpt 2w
B2 C i jcd| D#H N eh RIS e £.0 v
BRF) D #FFBEFT R B FERE
X3 & F T D B ACK o ri— g dg i
§ 5 D CTSmE%n,c LN
o g4z C LT ¥ 5o Backoff
Time -

B 3.2 AZ@:ixE-= D4 @i

2.4 Di®E2 > 7 A LRy -4rB 3.3
Atrs e C R ged] A 1 CTS &
ACK - 7 ¢ ¥15 A @ &2 4cF D% N1 «h RTS
ML o Fpt g C i NAV sk fE P iz 28 a0 2 )

D # M1 eh RTS it if PFen 37 NAV endd i
PR P e PR AR o

3‘@ D;‘:":IF%"]/{_‘S 5_5' A éfg}i_% °'§1\?§]3_4o

B 34D5 40 »A 5 gz

Air MREFCE Fl L FFRIAGrIREG B2
JeF| D% M e CTSe ¥ AB iz %@ C 4
NAV ok i > popr C I 2 5o D o ’L#{-‘iz
TR FRF CRFEAGPEE S DERF
FRAE o Pt R EE R R L o Fl i
EIAENE TN Y L Rk A

4% D Ede2 2 AR 4B 3.5¢

B 35% Didefe™ » A L

AdrroptpE C R ged] A g I CTS &
ACK » F]pt § C e NAV sk g pF ik fR i a3

D J1ern CTSe ]t £ it if BF { 37 C (7 NAV
FAETREE? €52 o

L i R A 41 8 0 S e

SRR R T A AR (T3 (L) BT iE
PlF gLk o 2 (2)& BT F B4
%furﬁ;}#\,\i', °
¥ - AR o &gk 2 NAV R
FORIL 6 A @ BT ) g e B

Z?r"r

ik NAV e s pegd e Hifﬁ:é@\m
oo vz e DCF #4023 & 2L & NAV
A x 2 /P?{Bﬁ'*"r%mi}””# |30 5T i

N

S 77 NAV ahEFFERT on % - Ak
Pood T ERET A Pl AL ) Flet g
AT RRUEE L eh N s @ E A NAV A
&ﬁi?iﬁ %%ﬁ%k# FEL v AR B o IR
: TF G B A gy U
L AE mH?rF;'F °

32 H BT B4l BL RT3

Tk R LR A T AP T LFE R
B LR T SRR R oD Al

4 e

L

g r“ﬂﬂ AEL R Bt NAV R G2
BJZod b NAV R s d 2 R BH > §id

> 2w gﬁ*l%“}mﬂiﬁ_“"‘r'/ EREEL 201 ,g; DCF
B4 H e Rkt NAV ik i » g;g&ﬁ “
SRR E G B pdlas s FaE kO NAV R
i P RE o
FAPgicts NAV ki el B 3.3
500§ gk Cedl gk A chipdlist CTS
» NAV e fi o &gk C e sl 8 i a7
B e dsLpE o L ATH NAV R i chps
(4r® 3.6)-

% 7i(B)
S

RTS Data

I8 ACK

Bl 3.6 NAV ]k ji & 2 & 77 &, B



International Journal of Science and Engineering

R @B T R PR AREL A
AR H 33T REP > Ao BB %%*Uwf};rbt’
EORIUBLR I kRS B DAL
[
3.3 F By R FlEdI R ak R
d F & 3L A 7 0 & B A3
R U e IR HI A A bk
NAV ke fi2 57 i € % 2 iR A - 3
/A DCF #+4]™ & 8Lz % D44 5L enp? 48 >
ﬂ@ﬁﬂ—%%ﬁ%%%%ﬁﬂ@%iﬁ%ﬁ
BLEr AR AL H @ mg{ﬁnfﬁﬁg%@p Y :rrgg
ﬁ is @ﬁ&]}‘f_t_ L_lgﬁsql ’ lﬁﬂd‘?mﬁf NAV ;P’
PERF > - L RLIE W AR 2 o

B LA @ 5L IEEE 802.11 DCRE # 32
(T2 e > BT E M OPIERT MBS R LR 4
SINR &3 % » Boih ¥ 28 e PR e T JJI}:P\AK
SRR eh SN 0 @ i 4 e RTS/ICTS#24)
ELR S & BRART D] 0 @ o & BT R T
RTS/CTSH #1353 & o SINR 2 58 & L83l
”’”filﬂf PIEEERAEA L hgit Az «Lp
His 'gﬁﬁ]?‘fi_ L—'-gﬁ‘;!\ ’ lﬁﬂd‘?mﬁf NAV ;P’
PERY o A Bl rﬂm" F 2w AP AP @
ﬁ?r]%ia SRl ] @ﬁ%lﬁﬁﬁéﬁmfsé % o

331 A1 BIEM R B I A LA R

M

bR AR R T 0§ @ﬁ%ﬁ%m!ﬁﬂ
SPREYLAR R BB R R EREALIE Y e R
FARBLE o @ A HLR E:%EE;T‘T%TX % xésﬁ%]mé%;f—
FAER 0 50 EMAELGBEI S S AR
PR Y R g RS @ﬁ%liifii’éfﬂﬁn
Aol gy o Flot g REAARE 0§ B BT
AL ﬁkﬁix& °

B A 802.11b% b 0 7 fs‘zﬁ%]%i b
& B P e HEE8] o ek (3.1) HFiEE
Eq.(k 47 b 7 @Jﬁ%li & ﬁﬂl’%ﬁﬁ&%ﬁl’ﬁé
ER fé%‘;":*m‘%ﬁww%»i'z&aww%ﬁfﬁ #
T AT T LB R % R R B H B R
> 12 11Mbps &2 1Mbps % &) > H iR —lir'%\
. (3.1)777F 0 B @ﬁ;ﬁfu‘!’«m% Ao ¥ # 3
il - 29 11Mbps ¥ 14 :i!ﬁ;l_'mﬁxj‘ﬁ&%;p
dl- 1Mbps ¥~ @ gy b g pede s d20 4
PS,-gnal Fo 7 MELG B (dBm) A B % ¥ thdion

22 mEmen Ny s Lo

@

3

=y i\
O H

1y
; RY"™B- (1)

signal

= 10Iogmi =10log,,
NO 0
= (2)

SNR (dB ) = 9=

noise

% 3.1802.11b% ﬁs?l PR

IEEE 802.11bi# $i5 :# & * 4 5 [8]
Rates Signal-to-noise-ratio
(Mbits/s) (dB)
11 6.99
5.5 5.98
2 1.59
1 -2.92

% % Eq. (1) A ow o4 # dlid2
—rxB=NR*B 435, AP kR

10 69910 (" 292/10

i ﬁj%] ‘T’@%Iﬁff’%ﬁ- 4 (3. 2) T e
% 32 1@ %] g g %I FEHLM %
At 'Q@J*f WL R PR lgﬁﬁlﬁEdﬁ]’L
(Mbps) (dB) i
11 6.99 0.32
55 5.98 0.36
2 1.59 0.60
1 -2.92 1

d 3@ 7 Fm'gﬁk—r gﬁ s*&@ﬁgl
B2 508 Bl o asi ‘r?r’u‘.hm NAV e i pF R o F]pt
Lﬁéﬁ”ﬂpﬂ TR D RLR R A& B
* 74 5 =4 (Power controlav’v"‘v EN R ¥
rsﬁgmﬁ‘i s K@ JeF) RTSICTS# 41338 eh
GELE A R0 pREFERLT N AR

3.32 i Forckk

HiE A RGBT u g Sk @ﬁ%]
11-55-~2- 1Mbpsmr§$§lﬁ£’é}ﬁ BE SR 7 PEIEi
BTARY hX R Ffep EnF A ko 3%
B PEEG TLR e L b
TiET R EEP AP ERX Y & RN
11Mbps:hid g = 1 5 63 = ¢ - & H 4 @ isd
Finiix g5 5.5Mbps: 71 2 = ~ 2Mbps &
11928 ~1Mbpsi 2002 & o @ A% £if &
BT BTN REE T L & F Bt

¥h2e 2 1t (Signal-to-Interference and Noise Ra-

tio » SINR)EE i LH P > Eq.(2)5 SINR
grthoass Psignal iR F S
Prnoise ® BFITRB e F ((LH B g+ 0
BLRERK 5 1 ) SNRreshold 30 FL 3220 v e F® £

B e

135



136

International Journal of Science and Engineering

B 3.8 jried . Bty

R385 b FBiEA 328 F A
7o f@ﬁ?r]%i * % 5.5MbpspF > #rZ & e SINR
e s 5.98 dB> 1B 3.2 5 b Bk & 8L C
A PRI Pl ELE A 5 20dBm A C
D ity Flamngisg & 5 13.0 dBmyt pFi4 iE
EQ.(2): &2 C #fjc | & 8 D #r5 4 g s
SINR & 2 13/2=6.5>5.98(dB) ¢* p* & 2k
D+ e e glsg & * 3 5.5Mbps#t § &
el > frl g gl C B #F&8 D oo )
e EL > @ ¥ 4 & 74 IEEE 802.11 DCR&+] ™
SR A B N e D amgip s
Fif & E R R R G & 8E D OArg d i
BB @B A TR B AP ALL
}f;‘;*;;[@ o

Ba ki b A58 240l 3.8k
AT Rt 4R % @ﬂiﬁ%[ﬁﬁ T - B S EBES
fo& Bl X JEH B 5 @ 0 & 8L X LB 4
EFCE B S UL o S EE N g e BT T
@ﬁ%a%%Sﬁﬂ%@ﬁﬁ@ﬁ%ﬁ%%x
e @ﬁs?li% B &gk X chipdRa gL & &
BN fer] o &N iR e @D &
B Pk NAV RGP 7 548 EQ.(2)
“577 :SINR=Pays_x _ SINRyyeqyq * BB ¥ B &

PSgnanS

BEX A i S mE B N R dEl e 53
St E o A 4 X g 11 5.5 2~ 1Mbps
_’rfv@ﬁ%]m;:fgi;; 10~8-6+4" & Ff|m el
L VR WY T@ﬁi%lsi B 1 Mbps ié.’u@ﬁi%]«” Fe il Y
1% EFF o #12 RTSICTS HYNR, g &
4> @ @1@?}%’% B & = 7 & BT I

SINR=PR,,,, , 47 &4 EQp iR 2@ 5]
Psgnal,s
LY
Pl —
() =#
10 log
Ps;;»mfx _ N, 4
Pt s ( 1y B
Plaz) =¥
10 log ————=——
ND

| 3
(52
(

24=dl:d2=1:1.58

-

SLA T L@ eed § 8 X o Bk S EE
a-gl N gpeg d1:d2=1:1.58pF » &2 X
PEFIRE B S 2 R A B N fe3) 0 AR
B N i P £ NAV R PR i A B

=

B[

—,Ego

d Eq.(3p i (7 3] & B X fr SeipEd st &
1:1.58pF 7 121 & 7 3 &2k N Je Bl 3420 B > 42
%ﬂW%»ﬁﬁﬁ$&£4?§ﬁ<R%§
& oo Rk 1155~ 2~ 1Mbps.'rfv@§i%]&&%%pt
% 63~71+119-200 2 % - B4c®) 3.94% 7 -
¥ B N 2 B o Sl boEEEY 200
SRR SR X T RSN
3 126.52 & pE(A1=126.52 = ) B & 8L X
R FIAELT R B N eI A B B
g X S B o PR ER - 8 (e
B 3.10)> o pF & B X 7 123k & 8L N T B304
ME BGREER d1=79 2 % > @ &8RN & &
BLSHEL L 12220 % o

N H—W \‘f

W 3.9 i st &
(58 N FE4E S 2 S % B 4t

R

\\__/.
B 3.10 i jriedtds &

(58X 5 88S 5 BEFH - B)

FHE A AP FoSENE SRS
SREAE D 122 2 1 ~200 2 % 2 f¥ @ $2h X
iz B 0§ BEERLR 0T %00 1265 2 ¢
P Bk X amUEi il oS R
G N o] > gL NAV R GpFR > g
LAAERAL - @ A G E G ff 4470 SE N
AR E g N s e B 5 5
40% “Tr A BRI E e PR 4 i 3
25%-

f g AT R A T UE R
}ﬁ:‘if@;m" SV EEE A A T 2 B ek
R 25% i g - B R SRR 58
PL N kA S BT PR A
NAV ez {85 hfrdlagg = 2 @%‘7%}
FL3g ek me 500 ﬁ;’i‘ﬁﬂ{‘éﬂ@z@ﬁ*{[@ﬁiﬁ_
FiFE R RE ek AR F T E{@;E BB
Fesot g kRl E R
Pl HBk R o



International Journal of Science and Engineering

333 EHAGIrR IR PR

+ @%ﬁi‘%é@ iR R s R AU
BT EEL > @ HE P AT NAV R o 0t
PP R LR wkm%wawm%
ORATEGT TG R R G &
B0 @ Pk NAV R PSR LR

B 3.11 EE kbl

g 3115 ) &8 N i @ﬁe?lié?r o &2k
S & it i Data i #y 46 F1 48T & gk 0 prd
*t Data i it A %2 :E > & 8L N frfjeeh
WELA L et Bi% E m- BT
i o ST B X E s (CTS)E %
RN D QLS TSI s E B WA A 5 A= A
4HT%,L°_\E§:\.,F5 ﬁEq(l);La ;':_“!;N
BT F e Sqrg gl X B s B S e oo
£ A" Eq.(2pH ¥ » Wi & 8 S{r & 8 X oh
WERML S P APEELGIFE R
BE N F 33z 3 @ﬁs?lé?r%]if o & 8L S AT ¥ eh
Datap - # % ﬁ#&»{iﬁv%%ﬁ%&ﬁi % -3.04(dBm)
A ELRIL L -3.04(dB) @ E 2k X g
CTSpF» pprgh N #ric 3] el Bhg B % =
1.786 » @& M B s oW v B iE
Eq.(2)=>SINR= Swa_s =0.017 &8 N ¥ 2 if

Sgnal _X

RIZIA F R R QT HT) &R
ﬁ%l R NAV K EPER o
# 3.3 AT & 2R N el 5L o 1 i

A %jL

2N AELR R B

(dB) (dBm)

TR EES | -3.04 -3.04

e Data

Pz a gk X | 0.054 0.054

g1 CTS

3 MM EL P | 1.786 0.017

iz

Mg E e AR kY EF R BRE
BE X 2 &80 N BEAE 5 150 2 & » [ et o
% i EQ.3)3 & H g # g 5L w R A
-0.55(dBm)7 353z vt 4 -0.55(dB): e 4k e

a8 N g PR D] a5l & fostl suiesnt
é?ﬁ%“v*ﬁ$+N%$m+Xmﬁﬁ
4 i 150 2 s orra gk N 3 B &
B X TR aELg R ot p ke o R &
3.3.2 A PIMBLFER D & A Bt
5 220t (SINR)ELE % & 8 PP > 40/ 3.11
B P @ﬁ;lfﬂ’r?fué«x LY 2 Er PG
%jﬂ—? g {335@%1 F P AE(EQ.(A)) i 49
Lo

A oarBE N kd d NAV K ik 973 1% 5L
d TEERERASLR R 5 f o A% Eq.(2)
G N T ZRUELEH B P&
Proise n * #1304 % B#4 p # p* SINR © 5
WRHEE @RS LR R 5 f PR
RoxE7 g F’“ﬁ,x”“’*yﬁl TR
¥ @A AT A g4 AR R
AR e

LR IR AR LRI 4 ) R 0) UYL g io o
AR JARE A D ARUELE R s JRF TG
AR AT E R N B AR T
WEERE &3 N 2 FEEE NAV R
Boo Bk &8 X #aan N 2 B chpedt s
dAvoidance ' i Eq.(l)a‘éii,é-

P R( r )" X/3’
Ps'gnal = :I-OI()glol\Tr0 = 1O|Ogl() AVOldl\T:e
AT E N F e < 2T E 3 141
N\

NREE L EEFEN D MR §RTE ]
Em 7 gle @ﬁ%l?‘fﬁmﬂﬁ_ﬁ 3 o T BT
WA T BT RS R B change’r:
FAEEG 127 2 R ~140 2 R MR A ¥
o m g EQRA T L E N Py 6
0.05(dB)~0.90(dBys » @ iz 1t o pF G %
A R AR g N 1 £ NAV i
B LR g 2 o

s HoE

41 R ER

EAFE? > APRYE S ER IR TR
Nen 2 R FHEE e~ 17 0 MAC 8 2 8 3
e otk e 2 2 IEEE 802.11%
o Pt kR 1 B 4 NS2(version 2.39
[16]» P/ 5 204) > & * K i@ * CBR#-
Al ged K2 * AODV B d 15 2[17] 9 8 K&
PR SE 12 7 e e A R o
f@ﬁﬁﬁ&%ﬁfﬁ * Two Ray Groundi?| - ¥ ¢t >
HE i@ * |IEEE 802.11b% 5 & 4 B4R > 7]
pF R @ﬁ%lm MWE G e A S AuE 1
Mbps~ 2 Mbps-: 5.5 Mbps{r 11 Mbps # IEEE

137



138

International Journal of Science and Engineering

DCFip 1 enip 4150 LRI e * A4 B ad 5 1
Mbps 4 i o 4p B okt S8k TheT £ 4.1 47
oo o bRyt £ 802.11b frif i d AL
back off time & # & &t £ & F 4 o
OCS-MD[15] -

2 AL HR S8k T

S$ELH | FEPF

WP | 209

& A % § | |EEE 802.11b standard
1%

? L i ﬁal 1 Mbps- 2 Mbps~ 5.5 Mbps+ %
i# 3 11 Mbps

z‘%ﬂ\@ﬁs?l 1 Mbps

] %;i@ﬁ;?] 200 m

& * % @ | CBR (Constant Bit Ratg
i 03

#¢E£R | &7 & (CBR): 1000 Bytes
¥ #; % (UDP): 500 Bytes 1000

Bytes

#¢ 42 | (01,02 03,04, 0.5) Mbps

B d & # | AODV ( Ad hoc On-Demand

T Distance Vector Routing
# %k @ | Two Ray Ground- Friis (Free
ﬁi%]ﬁii'l Space)

LA 2.4 GHz

4.2 e ¥

d > OCS-MCS¥_i% i backoff timeps &
PRAERET F %F,gé»m@ﬁ*jévf@%lfﬁ?lm@é
BoMELAS RN LAl dpEe
IR EAA KR ﬁﬂ‘:%ﬁﬂfiﬁl%lﬁ%if‘_{ﬁ %
e g Fen@ e & 7 g T
g 3R DAL S i S R
e backoff time§ i e f £ %/ - Fl@ #£7)
PREREHEINED R OEEFEE qu??]
4.1~42% 5% o m AfpEark o i by F E
LR ELE DR SE R S XY
R I NAV i 2L NAV PR - @ @i 5 A
@%J FL P e A )‘E‘T;ﬁf_l#ﬁ ﬁ*/ A3 R AR
f;«

N

N

43

el

=

£3
!

e pE AR R 0 T ELIE RS BE AT K endt s
PR > 4Bl 414257 > SEE 416 A 2

l-t- 5y

HpRERAARAATREF L AL AR AP
S TN T
s0
as
a0
g 35 / ——ours
E 30 802.11b
f;: 25 —8-0cs-MD
H 20
=

01 02 03 04 05
Data Generation Rate Per Flow (Mbps)

Bl 41§55 £ (200 & 122)

18
16
14 ——0URS
12

—m—0Cs-

MD

08 802.11
b

06

0.1 0.2 03 0.4 05
Data Generation Rate Per Flow (Mbps)

End-to-End Delay [sec.)

Bl 4.2 37 f@ﬁ%&@ﬁ#ﬁ“

f:z % back off times=> ;2 32 OCS-MD
B2 7R 3% 1 2T % back off timepF [ v ;% 2 @ﬁig?]
PRS2 AR R A
FRIFRT B %%&ﬂfr@’ﬁ%ﬁ"ﬂ B
i¢ % # back off times= 2B H 5 ¥ & A 4 A
£ 3 ¥ BT+ hop-counti + =& 2 back off
time % BV ot > @ @ @ﬁ]ﬁﬁgyﬁ‘»’ S
MAC K shd ek B4R 5 o A= 2 4m
F@EAEIe 3 e LR e H oy
r§ B RS BT i SRR R AT 2 d a0
ié_f@ﬁis?]:%’» PEREFP 2SR E R
NAV e fs > AR 5 F2 o Rad
ESEESFRET H-FRPMTRGFI D
ﬁi%]é L CREAE R e
VAN /Aﬁfmﬁ_’ M ] HRAT & @ﬁh]}‘f_l‘ ®
@%ﬁ] P2 RS B AL H AT RS
oo RS L 0 deFl 4.3 4.4 905 o

7000

—+—OURS
802.11b
~8=0CS-MD

MAC Layer Throughput (Kbps)
g

Speed (km/hr)

BF43MACK & &



International Journal of Science and Engineering 139

8.00%

7.00% —

6.00%

5.00% -
H Qurs

4.00%
W OCS-MD
3.00% - 802.11b

2.00%

1.00%

0.00% -

W 4.4 pid 5

BER 44 iR T 7T g PR
OCS-MD#% # f&;4+ 1 ¢ ** back off time#7i =
Paft%féﬁi%]*ﬁgavﬁﬂﬁ' AR ARA EEe A4
FrARg gk rpag R Ly b F
Ao mips FRIAETEPERET § TR
FREHEF B N DED SR 448 T
EFT A F LB AINE 4 o hrB 450

Data Generation Rate Per Flow (Mbps)

45 ¢ 5l

$IF BHEAKRIG
A4k * |IEEE 802.11 DCR 433% % .aif;:,;a,
BHIORRERERE Y > F T &8 L NAY
A BEEAR SRATHS B A g
FEAE R AT o 5 7 fRARLAE R AT SV UL
Frfrf RIGUELE R T eh 58 R § BT L
“'Jﬁ. g EA AU R R NAV R
PRI L T JRARAL I AT TR S B A g
£z «Et’ En kR EWERENE -
j\;;u'/‘v PN ]FB#!E dr - ,ﬁé%@%ﬂ%}{;g
g B RIUBLAE 1t iRl B AR 2 A
BEATHUELS R 2 E Y ot SINR i
oo R I ERIRAELRE R R o 5 NAV R
s:: AT SRR G R BT e R
g nhgifﬁ'rm#i?{ NAV % fg BFRF > 4ot 710
@ AT a4 pi g B AR o
¥ e g;w,ﬂ;’@. 2 AR o 1 BT & BTy
FIEL AR ERIELS R R 2 5k
ST P AT T SR A
&G RIT A G FH Ak A kAP R
HpIMA BT AT E W & F M H T A
= gaﬁ_,iﬁw%fggmmgg o

._,v‘

az:;. —n\

P

24
PO

This research was supported by the National

Science Coun-
cil(NSC102-2221-E-035-030-MY2)

4 < pre

(1]

(2]

(3]

(4]

(5]

(6]

(7]

Wireless LAN Medium Access Control
(MAC) and Physical Layer (PHY) Speci-
fication, IEEE Std. 802.11, 1997.

K.-P. Shih and Y.-D. Chen, "CAPC: A Col-
lision Avoidance Power Control MAC
Protocol for Wireless Ad Hoc Networks,"
IEEE Communications Letters, Vol. 9, Is-
sue 9, pp. 859-861, September 2005.
K.-P. Shih, Y.-D. Chen, and C.-C. Chang,
"Adaptive Range-Based Power Control for
Collision Avoidance in Wireless Ad Hoc

Networks," Proceedings of IEEE Interna-

Conference on Communications
(ICC '07), pp. 3672-3677, Glasgow, Scot-

land, 24-28 June 2007.

K.-P. Shih, C.-C. Chang, and Y.-D. Chen,
"A Fragmentation-Based Data Collision
Free MAC Protocol with Power Control
for Wireless Ad Hoc Networks," Proceed-
ings of IEEE Wireless Communications
and Networking Conference (WCNC
2008), pp. 1786-1791, Las Vegas, Nevada,
USA31March-3 April 2008.

K.-P. Shih, C.-C. Chang, and Y.-D. Chen,
"MRPC: A Multi-Rate Supported Power
Control MAC Protocol for Wireless Ad
Hoc Networks," Proceedings of IEEE
Wireless Communications and Networking
Conference (WCNC 2009), pp. 1-6, Bu-
dapest, Hungary, 5-8 April 2009

Ligun Fu, Soung Chang Liew, “Effective
Carrier Sensing in CSMA Networks under
Cumulative Interference” IEEE Trans.
Mobile Computing, vol. 12, No.4, April
2013

Han-Chiuan Luo, Eric Hsiao-Kuang Wu,
Member, IEEE” A Transmission Pow-
er/Rate Control Scheme in
CSMA/CA-Based Wireless Ad Hoc Net-
works” IEEE TRANSACTIONS ON VE-
HICULAR TECHNOLOGY, VOL. 62,

NO. 1, JANUARY 2013

tional



140

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

International Journal of Science and Engineering

J. Choi et al., “EBA: an enhancement of
the IEEE 802.11 DCF via distributed res-
ervation,” IEEE Trans. Mobile Computing,

vol. 4, 2005.

J. Yee and H. Pezehki-Esfahani, “Under-
standing wireless LAN performance
trade-offs,” [Online]. Available:
http://www.commsdesign.com, 2002.

G. Brar, D.M. Blough, and P. Santi,
“Computationally Efficient Scheduling
with the Physical Interference Model for
Throughput Improvement in Wireless
Mesh Networks,” Proc. ACM Mobi-
Com,2006.

Jinkyu Lee, Student Member, IEEE, and
Ikjun Yeom,” Avoiding Collision with
Hidden Nodes in IEEE 802.11 Wireless
Networks”, IEEE
Letters, Vol. 13,No. 10, October 2009

G. Sharma, R. Mazumdar, and N. Shroff,

Communications

“On the Complexity of Scheduling in
Wireless Networks,” Proc. ACM Mobi-
Com, 2006

Goussevskaia, Y. Oswald, and R. Watten-
hofer, “Complexity in Geometric SINR,”
Proc. ACM MobiHoc, 2007.

T. Moscibroda, R. Wattenhofer, and A.
Zollinger, “Topology Control Meets SINR:
The Scheduling Complexity of Arbitrary
Topologies,” Proc. ACM MobiHoc, 2006.
Qifei Zhang, Wei Liu, Bo Cheng, Wen-
ging Cheng “Improve IEEE 802.11 Per-
formance with Collision Sequential Reso-
lution Algorithm” This full text paper was
peer reviewed at the direction of IEEE
Communications Society subject matter
experts for publication in the WCNC 2007
proceeding.

XiaoYing Lei, Seung Hyong Rhee” Send-

er-Initiated Reservations for Reducing

(17]

(18]

(19]

(20]

(21]

Collisions in 802.11 MAC " Ubiquitous
and Future Networks (ICUEN), 20F3fth

International Conference

Kai Huang, Guixia Kang, Hao Wang,
Guixin Wang” An Adaptive Contention
Window Algorithm to Hybrid OF-
DMA/CSMA Mechanism in WLANS”
Communications and Information Tech-
nologies (ISCIT), 2012 International
Symposium

Yingxia Sunl, Dewei Yang!, Weizhen
Tian2, Wenlong Liul” Optimized Backoff
Algorithm of IEEE 802.11 DCF” Wireless
Communications & Signal Processing

(WCSP), 2013 International Conference

Upadhyay. R, Tokekar. ,Syavahare. P
Class of Collision Resolution Schemes
with Multistep  Distribution for IEEE
802.11,” India Conference (INDICON),
2012 Annual IEEE

The Network  Simulator -
http://www.isi.edu/nsnam/ns/

C. E. Perkins and E. M. Royer, “Ad-hoc
On-Demand Distance Vector Routing,”
Proceedings of WMCSA, pp. 90-100,
25-26 February 1999, New Orleans, Lou-
isiana, USA.

NS2,





