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Abstract

WLAN is an emerging wireless self-organizing network with the characteristics of low cost and
high throughput. For a single AP, data may collide and fail during transmission, and for two or
more same frequency APs, there may be mutual interference issues between them, which can af-
fect the performance of the system. Therefore, based on the distributed coordination function and
binary exponential backoff, this article establishes a model for 2BSS systems under different con-
ditions and evaluates the throughput of the system. This article mainly focuses on the Bianchi im-
proved model based on the negative customer double-ended queue mechanism, and combines the
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equilibrium equation in queueing theory to solve the model. Finally, the explicit solution of the
system throughput is obtained. The numerical experimental results indicate that under parameter
conditions, the throughput obtained from the numerical experiment is similar to the simulation
results, with values of 30.5 Mbps and 31.03 Mbps, respectively. In addition, when the signal to in-
terference ratio (SIR) is high, the same frequency interference between APs does not affect data
transmission and will have a positive impact on the system throughput.
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1. 5|

FEE DAL SR PG R B, TEE R M (WLAN, wireless local area network)th Bl Wi-Fi vz {#
R, LI SR8 AE FTE Tl BT S5 R4 AEL, 5 HAB TR AR LR AL TR A, Swnt Al
ERH IO ZIEAE IS5 . BRI WLAN & 1 fros, ZEARSTHE(BSS, basic service set) & WLAN LA 4]
B BN BSS A& — SR IUE B BSS 1Lk RU(AP, access point)-5 24N b T 54 e i a5 X 35
PYIRI3G (STA, station). & WLIK AP IR hia%. WIFi #U5%, FHL. ZidAk. BLREE. BiERE
AR LA STA, ACKE AP A STA SRR ™T s, AT U AOE RO RE A KA &1 Rk = AE
B, I EIR A 22 3k NGB 3B (CSMA/CA, carrier sense multi-access and collision avoidance) ()41 1 4,
Mg, B A P Th g (DCF, distributed coordination function).

Figure 1. A typical WLAN network
B 1 —EEE WLAN R%%

X+ DCF [MITERE 0T R BA BIRIF 0775 (1) @SS /Rn REERAIIATIE TS, (2) FEF15 E L
TiFAT RS . G B A S SCRRER AT AT S, — RE AT T O SRR K 2 BT A,
NS2. Tiny OS. OPENET %%, FIHUbEEA: AT DAPdRE i 1) i B M2 b &A1 S8, Blinse 4 a o
CW. S REALRE v, SRIRBINE M EE, 5 SEhrm AT 1 M43 5, @I 1o RS Gm S.

SRTMT, R A] RAEASE Y R X 5210 14 BE (1 48 br EAT BRI AR 70 I BLRe 88 AW 0 7 RV E L, BB
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33 T AIRZEHEERR . DIERARZ 5238 0 kAT TIRARIWESE. Bianchi 1 XFIH —4E Markov chain
%I DCF HLiIFTR 1) BEB HIAHHATEBE, AR 7 REMMAFH 85 R R Z H X REIEL,
HE T L 1 REREAT A0 AT [1]

Bianchi BRIk TR m A HAE, R2 TAELESLEAL L9 /&, Chatzimisios W58 7 K EAL AL
PR 1] () G AR 422 N 4% 1] (MAC, medium access control)Z M RETE I [2]. Vardakas 25 A\ i@ id 4 1) 2. 4% BRI 5
NIRBEH I ER R S5 ML, AR T AT @B, 00 VA SCYERE TR bR, 133 1 BERFS I WP HE ) S /R
Al REEAETY[3]; BRELEAZEATIAEXHMB AR T Markov REUEHT /0 HTi, EEHFE T CW 152,
P TR 4 E DM [4]. Huang AT Ivan Marsic /48 1 B25 T 250K W48 A5 R AT G520 H7[5].  Chen 23
7 23R MAC Thil I PERE[6]. SIEFIFH Markov 1R 5: BT W 45 7E 22 SR 4K L N KRG AR ERE[7];
P 2R = 4 5 R T RBEAT MIGILIK BABIEESE A BR 03T DCF LA IPERERETY, i 1 Aim$ci
e . —ERIREEIRHLH] & MAC ZA FRIATINT RGPERE M2, JET 288, #S 7 AR5
T KA R AT B /0N 3 4 T 1A P 2R [8] - Na 25 A ik ot ] 58 35 4+ 2 11 Wil DCF/ICCW [l Al 474
BEAT 3, AR DCF LA BRI G TE i AL T 56 SRS I 7 s 2e) @, 42 1 optimal-DCF/CCW
AL, AT T SRS B AR B 4 D S Zom A [9]: M AR S A H RS
R TR AL T 55 A7 RARR A I B 0 ) B B SR AAUL I 2R A, IR BT Bianchi (1) 4 By /R w] B AL i 57
=4k Markov 15 %4[10], Jf H. Bae id>K H R B 715 R R AR AL AL T 5 A RS MRS, AR 73 BT W9 2%
FEAREAVRES NGt EAERT [11]. SKEAESEH IS T DCF AL R 8HAR 45 RS S A7 BRI 2 A5 B 5 i)
G, T R AR G —4E Markov BEERARAL, FET UL T AR AL s T ) DCF AL
RE[12]. JALAENE 3GPP #& H MM AT 5 Ui (LBT)EE AMLE (R Cat-3 F1 Cat-4) BN —A — 4k B G /K
AIRAAR, HETH TS S5 R RS 1 3 PIRIR 20, RT3 A 7SRRI P R LBT A ML i) 3
ERGNITERERCM[13]. Lin &2 H T — APk B 1& M Al IR B (RACB) HLIE, iz Sd i U 2 7 by,
FRPE Al T ZR ) AN CW M, 13 H T RACB 15 R4t & it E AR 6L S AT A 1T AU R B rh el i
K DCF &t & [14]. B W7 F MR ERIR NI 7T, BT g A5 A OB R B2 B S o (1) Y 25

KXEE T WAL AP, TEAFMETT, WA AP FIE[EHE ] 0 iff [FB Ak HdEer, TRgsf7
TEFESTHL, FEA AP R HER kI, 2Tk, FATE Bianchi AL T Sudk, HHIINRF R
Jois (P X A AU AL, 385 20 R S e 7% 5 SR~ 7 R AT BUAH SCMEREFR AR 20 M, Il i 25 SR Ee A0
FLR, kDA Y [ A 1 o
2. AR
2.1, ZHERIRRURBEE

R AT SR AE R, TS AE DIFS Al EIFS 25, RAIBBENLH], o ki) i8 8 5y AE A
IEEE802.11 WM B S RS 7, He A Rl bak B AR T3 m DA it RO, b iR i RGO HE
P RE .

B RN, ATReA 20T iR L 7 8dE, v a1 s [0,CW —1] KIS A i B — A
BENLEAE N IELREL, S5 AR EIR E I BR S BE SlotTime (9 ps)-

B8 F] = Random[0, CW —1] x a Slottime, ()]
CW FIHIURME A CW in,  BEREHE A& i 5 5 EAT BAR I, CW BIRS . WIS CW IAH] T CWin AR

R, EREE NI BB SRR CW EE, JFE N — NI ENR . R RE SRR
FARRHEOER v )5, BRI EF, CW HEfLS N MR WL, EAL r kI, i hi 2 R,
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CW & EHE,

TERARALTRIN B, MEHEH] 0 75 AR E — NI, B2l AU h B IS B 5 2 5 S AR o it )
#E SIFS (16 us)/5, 15 ACK ffiAMI(32 ps). WIHAIETT i fie®] ACK, MIEHE Kk . Wi k&£
M A T R RN RN, B ACK AR, B3 ACK I A A% sl B, AR &5 R,
RETNT R B S A 5 EA R . SR I 1] ACKTimeout (65 ps).

EE 2, FRATEAAS AP, DU STA R, 4t TREEEE RSB Blfh CW R 4T 3%
FE ORI, BO FoRBEHLELR AR R BT H A [0, CW — 1] BENLIEIUFIRIAAE . HEERERZ, & 2
HR R — AR (TX, transmission) B3 T & 1& — M dE A A — 4 ACK, —K collision & T &% —NEdiE
A MZERF ACKTimeout I miifF A anE 3 fros, — AMNEHEMIESE PHY k. MAC S AIH 2447 payload.

L 2APRIHITHMR |

DIF CW=16,BO=13 DIFS DIFS CW=16,BO=9

Station a W—mummp s s 5 [+ [5 | 2] [o] T | o s]7]6]s] hold
art? ' DIFS, CW=16B0-10 '/ pirs P97 pips
"\ Station b }‘—'|10|9 8 [7]6 5 [+ [3]2 1 o | collision 76 5] hold af3]2]1]o| Tx
CW=16,B0=10 DIFgW*ﬂJb’O*G DIFS

Station ¢ ,?Sy“—'{lo 9 |8 |7 |6 |5 |4 |3 |2 |1 0 | collision |< »WW

r]

AP2 / DIFS., CW=16,BO=12 DIFS Cw=16,B0=4 /
\\_ Station d e T T CR EN EA CR ERENERE m—»-_'—‘<—.l—|3|2|1|0|colhswn|

______________

Figure 2. Binary exponential backoff process
B 2. Z#HlisBuRE S 12

AT, 72 RGN, Sl BOE —NMEUINET CW L RERS (RIE R G AR I8 e —HUl
I KRS S &M s, BRI TR e B S BUR AR MR g0, @i seoE — MR Ccw,
Ul D 1 AR AL R REATLAE O [ AR BHE R PR, TR T A B s R R . Bah, BUE CW 4%
KE CWie S RFFZAE, LARPRGE T REAL RS, 2 DI IR 1 I8 A2 R R I Aa g 1

DIFS SlotTime
source ’ PHY ‘MAC ‘ Payload ‘ }<—"—’
SIFS
destination ACK
T success
(@)
SIFS DIFS SlotTime
source ‘ PHY ‘ MAC ‘ Payload }‘—' }'—N—'
ACKT1meout
destination
T collision
(b)

Figure 3. Frame sequence: (a) Successfully sent; (b) Transfer failed

B 3. WUFS: () BIh&RE; (b) fRHAM
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2.2. BIRAIRE

Markov i F A2 1 9 — 2578 B 4T RUBLS 87 FH v 5+ 20 P BE AL R . 32 S T 400 JifE &
GUK TR RGERAIR, Hles+ 0 EENER.

X 1 VX (t),teT} REUATE E HIBEHLIERE. S TAERMERS n, t<t, <<t <t,,,
teeT (k=12 n+1) JURE X, %+, X,,, € E #AH

PIX (tr) < g X (1) =% X () = X, X (8, ) =%, } = p{X(tM)st X(tn)zxn}. )

TUFBRBEHLLRR (X (1),te T} Markov 82, E50 Markov ¥, Rk G RLkE. T s AL fth et
TR (X (1),teT) KTt HZFARAS MR R RS 1 2 %, T 52 8BRS EX . B
X (t,.,) UBER 515 115 X (8, ) R A 5%

X 20 RETHUET E HEOBEHLFR (X, ,n =012}, WX TAER I M n SR
i iy, € E L #H

p{xn+l=in+1|X0 =i0'X1=i1""'xn =in}= p{xn+l=in+1|xn =in}' 3

WFRBEHLF 51 {X,,n=0,1,2,---} )y Markov #, N {X,,n>0}.
3. WLAN RZEAHUHIZE

% T2 BSS, N A STA 45 AP ki% FA74dE . Bianchi BLEMR I FIARLS IS, A4S E R &2 E 0,
FrUMEIE AT REAL T =FoRAS: BIN. e, i, ACHET 2BSS R4, Tl HEEHA R,
A2 () BSS Al g & Al —/ME1E, 1i— EI[RS AP (f FHAH IS 538 1) AP)Z [R5 X I fE 7 85
B, ST, T, 7E2BSS R4, (FiEnResb T WUFRAS: N S, i,
T RIEFANIET 2BSS R4ix} Bianchi #7847 1 Bieidt .

3.1 ETFHBEHIRATIHFIEY Bianchi KHRE

A1 b(t) BT s(t) R I —AN45 AR HLIC R S SRR KL, €A B B A ol
SRITFEART 2. A § BRI ROE R EER S, ¢ AR, m R BRI,
AT CW AT T b3

W, =2'W,,0<i<m,
(4)

W, =2"W,,m<i<r,

& 2BSS R4, MBI BSS ARG e MR, FATL17,0<i<r &R APL th— M EE 9 50%
WHG 4 17,0<i <1 3R AP2 i — MBI R IR B T2, HEBENLIERE {b(t),s(t)} 7T LAH —4E Markov
chain F, KU r il m RISCR, FAVI NP, 30l 4 A S For. b, =limp{s(t)=ib(t)= j}
Fon 4k Markov chain a4

5% a: Hr<mif, —4 Markov chain FPIREEB WL 4 frs, BER, ie[0r], je[OW, -1].

FEE 4 v, p RORREEIIER,  p, R TR, WA (1-p,)(1- p,) WFR— M K% )
MR, ANE RS T, SRAEEIE IR RN, il CW #iaEE, T2 p +p, - p,p, &R
MR 3% R RESR . Markov chain [f— 32 RSB HER N
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p{i J|| j+1}:lO<'<r 0< j<W -2,

p{0,j[i,0} =(1—p,)(1- p,)W,,0<i<r-1,0< j<W, -1,
p{0, jr.0} =1/W,,0< j<W, -1
{

p{i,j[i-1.0} =(p, + P, — PP, )W, 1<i<r,0<j<W, -1

()

% Markov chain FERUIRES Z A, AN, AERIREE S REK D RAFER . ME
PR R, #RERIA 7y —IRES, AAWRME. Dbz —hlResd fEm AR A Ty, RAREH,
IERFIRENIRESEY R S il S S

@1+ P2 —P1p2) /Wy

@1+ P2 — P1PI/W;
L) e e Do D
Figure 4. Markov chain model of DCF (r<m)
[& 4. DCF Y Markov chain #2&!(r<m)

N, FATH I HEBR I FITRAROR AR 2BSS RETHIARASMER, By APL IR RCIRZE AT AP2 H 4
EORESTARN, I H A~ BSS ARGt se RN, Frel AT DOk APL Frif) R GRS MR,
PR R R, ATLIR 2] AP2 R R GRS HAR

HIHH ARG TR, W

o0 0)- L2 (o) ol ) o(02) ©
p(07,1) = ERIIZPIG o i) L p(r o)+ p(o 1) 2w, -2 %
(0" W, 1) - pr( 0)+--p(r".0), ©®)
p(i+,0)=%i_plpzp((i—l)+,0)+ p(i*,l),lsi*sr, 9)
p(i*j)= Wp((i—l)*,o% p(i*,j+1)1<i" <rl<jsw, -2, (10)
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WL ERMRBOZ

p(i*,j)=

POﬂW—Q=BCjil&&pW_” ®1<| <r. (11)

W.

RE A5

J(p1+ p, — plpz)ﬁ p(O*,O),OSi*Sr,OSjSWi—l, (12)

MRHE A — A0 251, AT DASK H R p(O*,O)ﬂDT:
2(1-p)(1-2p)

0(0°0)-

b
+H

p: P+ P, — PP,

W, (1-p)[1-(2p)"* |+ (1-2p)(1-

(13)

(14)

5 b: Xr>mM, —4E Markov chain FPIRZEFAL WL 5 fos, B, ie[0,r], je[OW, -1] .

@1+ P2 —P1P2)/W1

(P1+ P2 —P1P) Wins

1+ P2 —P1P2)/WA

e 000 000 0o © 00 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000

(P1+ P2 —P1P2) W

€00 000 000 000 000 000 @060 000 000 000 000 000 000 000 000 000

(@1 +p, —P1P22V
1 1 1
v —> r+,0

Figure 5. Markov chain model of DCF (I > m)
5. DCF B9 Markov chain #2&I(r >m)

A EI 34, FATE S H Markov chain 1)— SRR MR N

iLjli, j+1}=10<i<r0<j<w, -2,
p{i. ifi. j+1}

p{0, j[i,0} =(1—p,)(1- p,)Mp,0<i<r-10< j<W, -1,

—P1P2)/Wn

@, +p.

p{0, j|r,0} =1/W,,0< j<W, -1, (15)
p{i, j[i-1,0} =(p, + P, — PP, )W, 1<i<m,0< j<W, -1,
p{i, jli-10} =(p, + p, — PP, )W, m<i<r,0<j<W, -1

DOI: 10.12677/mos.2023.126540 5965 A ) A


https://doi.org/10.12677/mos.2023.126540

B, g

R, AV ARGH TR, WF:

Loy (1-p)(-p,) 1 .
p(0.0) = LIPS o5 0) L p(r.0)+ p(0), (16)
p(o*,j)=—(1_ plgv(l_ pz)ip(i*,o)w% p(r,0)+p(0, j+1),1< j<W, -2, 17

+ 1 P - P 1 +

p(o ,wo-l):sz( ) W p(r ,o), (18)
p(i+,0)=%i_p1p2p((i—l)+,0)+ p(i.1)1<i" <m, (19)
pﬁﬁnzfii%fﬁﬁqu_31®+pﬁﬁj+ggsrsmgsjgm—z (20)
P(i*,W, -1)= %@p(('—l)*,o),lsi*sm, 1)
p(p,o):%m—plpzp((i_l)*,oyp(i+,1),msi+gr, (22)
poﬂj)ZELi%ﬁ:Bﬁkp(@—Q+ﬁ)+p@ﬂj+1ymsi+sn1sjsm%—2, (23)
p(i+’Wm_1)=%p((i—l)+,0),mgi+sr. (24)

m

FIFEE A ARBOZ S, e

p(i*,j)= i (m+p2 p.p,) p(0%,0),0<i" <m,0<j<W, -1 (25)
p020=mﬁfj(m+pz—mp9ﬁp@ﬂoymsﬁsrﬁsjswm—L (26)

R e 15 2

o(0°,0) - 2(1- p)(1-2p o
W, (L- p)[1-(2p)"™" |+ (1-2p)(1- p™)+ p™(2"W, +1)(1-2P) (1~ P'™")
Hf p=p+p,—pp, -
R BENLIER S O W AR, PRI fUEE — AN BRAIE B I %y
=3 i 0):1—(p1+ p,—PP,) (0°,0), 28)

SN 1=(p P - pp,)

Her, Hr<mif, p(07,0) W) Hr>mhif, p(0°,0) W(7)FTR.
HERAAR KA PR RN - B 51— AT S AR A, 35 N AT AL ISR PRRIEREER p m] 3R
GVAE

)ZN—l

p=1-(1-7 (29)
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3.2. MiwPAFIHEI T EMT 2BSS REHM KR

1E 3L R AF T, 2BSS R4 FHMEERAL T S NI AR, FINEZEITRET, R
GLaok Ab T R IR AR, e T R DR T BE AR B AP N FORIESE, AT RER 2AP [RIFFEISTHL. Al
FIRRETHIMAFAN R, » FARE NHIBEHRN R, » IR P, RIGKIEF NP, B 2BSS &
GiNI RAEC N, T RE N BRACE A R IR BRI, % RGAAE T RPIRES, DI

Rate :(1_T)N ' (30)

[

Puy =1-(1-7)", (31)

usy —

B — AT RAERIE BRI, A IR, tA 2 LR 2AP AP S 2 R IO R
VRIS 1% 3 GUARE BRIPIRAS -

P =Clet(1-7)" " =Nz (1-7)"", 32)
BT RAEMRRESK, XAREESOREW T &M, ] UAFH]
P =Ry — K :l_(l_T)N _Nf(l_T)N_l’ (33)

R, 5 TE AL T =F AT B IRZAS HEZR BRI DU 7 Al p R

B E(S): B E IR BRI ATREG , (H AR FRATTRERS PR R AR B il 5 R R, I e D AR A
IEFR S SRR P, AT G TR 2 K B S T I () o BE T (A] A RO AR B2, T AR N % BSS
RGN AT VPG dE . E—MEET, BLRESA TIERM, I B8R s & 5 iR
3 B ()R A5 IS A TR (R BT A AR . 1 S RoRMER A — b ki, @ SUHTE—AN I RO R G633k
07 P55 388 I ) 6 0015 T P 1 R BT o5 0 A o

et AL BT IS TA) A AOR HH A R AT D LU RR B, B bps. FFIE S AT DL S E B H R 518 E R
R (HAL bps) A FE IR,

5 E [N BT P AL A 2 e Ak e K ]
E[—NH B ]

SIE AT =R L B AR AT - 1 p R, TR RAKEET S SlotTime. RIhAE 4 AL
g MR RN T AT, o

w3 iR, FENIBIKE P, & Time slot, 5ER— KR IIALSI & T, RURAE S K T, 40 51%
RN

x PIBL R R, (34)

T, =H + E[P]+ SIFS + ACK + DIFS, (3%)
T, = H + E[P]+ ACKTimeout + DIFS, (36)

Hr1, H=MAC+PHY, E[P]=(MAC +Load)x8/rate
H 2 (34) ARG AL & S:
P, - Load

S= -rate, (37)
P " Tige + BT + Py - T,

N =18, BB A A, AR A AP R, A2 &A= 2AP T8 i RT3, XAMEL R p=0,
lH:r:2><W2 7o MIN=1Rf, FIR 24 3K.(36)F1(38), AT 7 = 2by, (1- p”l)/(l— p)=1-(1- p)ﬁ, 2

ot
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IH-Hi i

p MAIMAME S 0, AWHER, f#151-(1- p)ﬁ LT 2by, (1— p”l) /(1— p), MIMAFE] p Al - FILTAAE,
e AP RIE LI #E KA 1500 Bytes, PHY kK4 13.6 ps, MAC k74 30 Bytes, MAC Sk FIG 2
AT R Y EE 2 2K 455.8 Mbps & 1%, LR p=0.5601, 7=0.0016, #Ht& S=30.5,

Nit— BT 2BSS RGHITERE, JBATE E AP RIEGHIEATKE N 1500 Bytes i, 8454 N
A%, #3211 6 Fizr(8 Mbps = 1 Mbr/s), IEANTRIIKIASEE, AR FIG G2 AT B R AR, B RAG—A
FEEAT o 24 SRR N, T RS A CSMA/CA R, & AERERE e o, ki fE
2B IR A BT A 2 ARG L T AR AR AL, BDBEAE T RUE N, Ak iR A R E
THERE. ARMYIEZERT RANBAEERBAN, YYHEERRREN, HEtE it ik
HIE R Jafa T A M. &7 25t 1 e 5 80 50 I, A A A B 20 5 A R KB S
MR, BEAEMKEREN, RKREGRBESHETEESETRE. FAFREMEK, —
BB SR MBI 2, fR5a B, T MR U, R s . A= SR 1
B, kR s ARSI, I H TR 0 E e K I FE 23

80 ;
——34.4Mb/s
70 ——52Mb/s
56.975Mb/s

60 ——65Mb/s
—_ ———72Mb/s
& 50
= 40
i)
i 30
K

20

10

0 ‘ . , .
0 100 200 300 400 500

Number of N

Figure 6. The relationship between the number of nodes and throughput in 2BSS with low SIR
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Figure 7. The relationship between payload length and throughput in 2BSS with low SIR
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Table 1. Algorithm steps for multi service set competition and data transmission process
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Figure 8. Simulation of 2BSS throughput based on lower SIR
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Figure 9. Simulation of 2BSS collision rate based on lower SIR
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Table 2. Simulation and results of mutual listening 2BSS system based on double-ended queue mechanism
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Figure 10. The relationship between the number of nodes and throughput in 2BSS with high SIR
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Figure 11. The relationship between payload length and throughput in 2BSS with low SIR
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