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Fair Link and Node Contention in Wireless Mesh Networking

Student: Sung-De Lin Advisor: Dr. Ying-Dar Lin
Dr. Li-Pin Chang

Department of Network Engineering

National Chiao Tung University

ABSTRACT

The proposed IEEE 802.11s draft makes the wireless technique more suitable for
backhaul network. However, there is no any-solution addressing on the fairness problem in
the latest version of 802.11s daft, which causes.near-portal nedes occupying most channel
resource and the further nodes starved. This thesis. points out that the fairness problem
results from the node contention and the link contention, and proposes the Fair Link and
Node Contention (FLNC) algorithm that uses. the round-robin mechanism among dual
gueues to solve the node contention, and adopts RTS/CTS mechanism and adjusts the size
of contention window to relieve the link contention. By simulation result, we show that on a
4-node chain topology and a 5-node tree topology with saturated offered load, using FLNC

can decrease the 9-Mbps throughput difference coming from fairness problem.

Keywords: Wireless mesh, IEEE 802.11s, fairness problem, multi-hop wireless, RTS/CTS
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% = & Fair Link and Node Contention

A& it A% 2 73k 40 Fair Link and Node Contention (FLNC) ;% & i o A g & /218
€% mesh networks ¢ it & 2L(MP)F > H 3 R4 5 & @ * = fd o TR 3 enfd i
#41(mechanisms) o & iF B2 28145 & SRR R E ~ FiEAAT G4 B
Ertbl s BEp a2 BB BRATRESEP e T DRRRTS/CTS &
Contention Window Adjustment % = & #%41- % mesh networks ¥ #&" 3‘1&—"?&% * NIHE E

FOUE SE A s WA S TR RE ~ Bk & LAk 5 (starvation) & RY 4E o
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Bt 2 B g g B4R 0 3 RIBESEMPP fLk 2 & ghenit e o Mg Flo @ g D B
o EREZPEHE BEPBE N BEH S FABTRE o

FLNC ;& & ;2 ena & p 4% > §_f 3 & mesh networks @ ¥ 4 o T 4 B* 37 > 5 e @
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FiEd A B iy o d 2 BB PIOR Fr BB RE R IR R 2 F DR T
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3.2 FLNC ;% & i+

B 3.1 5 FLNC j# & i | ¢ 41420 » FLNC [ ¥ 2 58 & § & B 30§ oh &
Hihgte o IR P TR E it e hAE o el R E B BE IR 3t @

@ 3%
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BAF- BERATLHS DRRBF] - £EE 5 & B 30 local traffic “Tjg P~k £ -
AT AZE 3R Lehrthreshold » 17 5 fx* DRR eh2|¥1ik g5 o 5 it & T A 4238 §7 < threshold
pF oo & local traffic = 5 & * 23R4 hEFMIFS] > Flpt T2 F & £t DRR #4)
T S R e A 3 threshold P> d YL & 8Lt & L2 1 50 CSMA/CA
W0 & 24 2L 2% local traffic ¥7 forward traffic $cs #7id &0 20 & T [ B 45 > b pF

Pl % & fxd DRR 4] » % 4 local traffic sin & » refg H v S oG kaun g o

- B4 0 5 RTS/ICTS 4] A4]ch3i & p ehist i@ * > multiple collision
domain e/ T 5 R k28 2Rl 18 g B3 (link contention) B 42 0 7A@ RTS/CTS
WAl B S B R RER IR 0§ F RS SRR T A R o B

I § i3 = R B vei B T o HUTEE BT RTS/CTS 4] 0 1 5 & & ghyg o

Fdichite pa o dok B onE gl SAREEEGT - BER AT ET it
i# % single collision domain z_ *} sfag@ o3 4 > pl2 B ® RTS/CTS #+4] @ %% 44¢ - 1o
WLF R EREEME ERETERZAEDEHEE  Bixite

%= B 5 CWAHH T Fens p i enforward traffic «aim £ €7 4246 47 #_¢Hthreshold -
R AES SR EE N BB B d CWA 84 - 7 #F 4.4 > local
traffic /i B 46 % » L4f 7 B F BT BEE ki B

B132 5% FLNC/# B 284 > 2 & 4 35 B o 29 2 % FLNC i K #4
1257 5 plensh gL local traffic sy £ > 0 2 3k Zedp M dp3E T30 AT 2 A eh fidic
4~ DRR ratio ~ CWA ratio » 5P w i & 5 > AT B FI4] o + RV 5 39
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Packet Monitoring Procedure >

A

update local traffic throughput ‘

No

throughput > thresholdl

Yes
v ¢

turn off DRR ‘ ‘ turn on DRR ‘

destination 18
neighbor 7

No
¥

transmit with RTS/CTS

throughput > threshold?2

Yes
+

turn on CWA

End

B 3.1: The flow chart of FLNC algorithm

. . Packets
Monitor statics
Current throughput
On/Off DRR
Topology l *
information
—>| FLNC n/Off RTS/CTS
On/Off S

v

] 3.2: The architecture of FLNC algorithm
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# 3.1 % FLNC # & 2 chm 5425545 ©

4 3.1: Pseudo code of FLNC algorithm

Procedure FLNC IF CS < thresholdl1
INPUT CurrentStatics:CS 8 DRR:=OFF
Topology:T 9 ENDIF
Packet:PKT 10 ENDIF
OUTPUT DRR 11 threshold2 := DecisionTable[T]
RTSCTS 12 IF PKT.NEIGHBOR != NEXTHOP
CWA 13 Padding RTS/CTS

Update CS 14 ENDIF
threshold1 := DecisionTable[T] 15 threshold3 := DecisionTable[T]
IF DRR=OFF 16 IF CS < threshold3
IF CS > threshold1 17 Transmit with CWA ratio
DRR:=ON 18 ENDIF
ENDIF End Procedure

ELSE

33 FmE TR 22 = PR

>\_
:\g,q'.

% At d mesh networks # o T R RE B HEo 3% = A s B r

FAIT kB ] > 5 BB > 6 = B & A g

3.3.1 DRR #+#]

BAES - B4 5 DRR S J Mg feni®iz 5 A2 & 8kY § T Fix7) ,“f# » #- local
traffic 12 2 forward traffic » %] & * 7  i=5]iT 5% > £ ] * DRR[16] & B 72 %
PAL 0 A A TS FA Bendte BiE v SRS A TP - {1* DRR
FI¥F S KF gt e (FRAR > (3413 2 mesh networks o TR AT & BEER L RU AT 0 A
DRR#F|*TE F e Ead &4 » TV REGEIIEETAET R &5 EHRR IR

Hh a4

14



B 33 5 &&¢ DRR 417 F7 L B - %= fAsgw g local traffic 2 forward
traffic » v @ B fp = iz 7|3k > fRA-S B M AL > ¥ AP E F B E4t e gl Aot
DRR #4173 i > 4]% DRR 4] > 3 Eon Birdleni 4 > doptenk 3t > 7 22
A E B RS A DR R LS BEE K R i R TR el
gt ok TR

Ve

Dual Queue

DRR

o

] 3.3: DRR:Ratio Control 4%+ =77 ;

(rﬂh-
=

3.3.2RTS/CTS #+#1

H =5 RTS/CTS 4] > 5] & DRR #84] » 3% &7 @il a ghik s chag 4 > R

K

34

Hoob- o A o TR AR E] BB ERE L 58 1 RTS/CTS felpnes » H 8 & »
DRR #4] > @i > 5122 & 8 ¥ 2448 » (T gl iz > Ra > - L g2 g SR
R & - =% multiple collision domain ¥ 2 X =& 8k > Kom Rl £ 2 P BE s ¢ B x4
AN Y A W - BEE LER LRI gAY 2
forward traffic sz i) » 44 & B8 3g > »% local traffic hix o) » Rt pF > T At & 8L F

T DRR #8541 > » ¢4 423 LR endte e ¥ AR R L -

B 2.4(b)* 57 N1 2 N3 % 4 i %45 (link contention) B 4 » & Fr P& 7 &% "E &K & 2L
PPRE > R NS 2E 2 ##dte 25|17 - &8 N2 f1* RTS/CTS #4#& &z
i &4 (link contention)zit 4 0 %518 RTS/CTS 541 » & =3 & 8 N3 {82 4] * @3 RTS
#He > T N1 2 N2 Fprses B g o ;ﬁ—ﬁb:&fﬁu N3 i 8 &k > }° 42 (starvation) -
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3.3.3 Contention Windows Adjustment 4%+

B 2.4(@)¢ “7N1 2 N3 &z} ‘g RTS/CTS 4] » #1223+ % * gocollision domain 2
ToENaTHIBBE e Ra iR 240b)7 hE T o O EET] 0 i NI
2 N3 @2 & @RI ET > DAGAR A ST RG> B ARG > 1B
R F] o B d K 2 WEERED chE BIERT oo A NAV Een@iLiEdEg T A gt
FEYLP & BEEGE P& L N3 o AR St & 8L N1 kil » 525 4 (v AR33 ;T fi5 8
CWA 4] crafi » # % N3 %2 N1 &2 N2 i @48 ¢ chit 4 o

B35 5 CWABHIR iTr LB d Rz agedga L NAV EF N > i3 = 7
& B nidiEE E o @ {740+ p £ g back-off window iR s AT E AR B L G Bh2

& &5 back-off window &= 3% 5 12 f gl B

( NO NI —— N2 — N3

1 PP MAP MAP M/ \P

2 CW-min * 4 CW-min * 2 CW-min * 1
3 CW-min * ¢ CW-min * 3 CW-min * 1
4 CW-min * 16 CW-min * 4 CW-min *1
5 CW-min * 25 CW-min * 5 CW-min * 1

& CWA 413 R Al > 1 edE MPP e 3 £3 & > § 3% & B-iE4 MPP i
TR AR AL AR REWE BT o AR MPP B e B € F L
RTS/CTS 414 % e NAV B F 3 BibR 4T > % & @305 R =y 8 BLen@ i 48 ¢ 971
# % CWA 4] > 1345 CWA #8473k F_ehratio & - 23 £ 2% & 2k back-off window » &
i BENL few o BhenifeiiinE @ > -2 CW-min 1345 CWA ¢hratio & > &+ 49~
1622572 R o/ B AF S BT BB ¢ S o apt § R R P0G 3> CWA
4] 2 & * 204284 RTS/CTS #4] crec & » 7 123 CWA #4148 5 & %>t RTS/CTS #+41
A gl S A HE @ CWAHS] > i e RTS/ICTS #841 > £ &% 5 %
s IBF|L S hBERE .
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%> % Simulation Studies

AR BT N A RBRBEAG Y TR = BSF O R TR SRR
AR R AR g E o T PR R AR I -NS2 cofER > BLE L ek 2 St o
F AL SRPHERER S S 8K T § 42 ) &0 SRR dpi oY P& BT 7 DRR
4] > 41 DRR 4] > sc d & 23S Gl § o 3 LR DRR 4] 97 i 3% 03 &
W4 AP o 42T R E 4.3 ) &34 RTS/CTS 4] » 5 B H 5L % 7 2 RTS/CTS 41
O T MR AT L a4 0 FitihE A LRt o & 44 & DRR 45 fe
CWA 4] » e ¥ 2 f* RTS/CTS 4] » A * 2 a fchfe s » Bock 4@ o %
45 - & gt DRR #4|fe & e & RTS/CTS #4] » = 4% CWA H+413% 4 RTS/CTS
Wl Ko AR AN = BHRFIFPFRAPTEERIEE > ST HE L i d S
dirgd a4 5 e % 4.6 ] &R > 2 (full function)# I 0 728 R Ay g o =
Rk > B AR ITE R IR R RS A R 4T ) & RF R TRR K
¥ » %12 2 Decision table » 3% - B 28 3K S-¥e

4.1 8% R

241 5 AF T rp MR Slic e H P S NS2 R AEH L P w F S TR a2
B FTHR A 0 NS2 v2.33[17] » (7% % suenT 5 #1iE * 0% Linux Fedora Core 5 5 #f & %

BE*PnD e+ R k802119 (954 Mbps g B 0 @ B & & 82 B e SRR

T i 250 = = T LR R AR BB F LR R T ML E T
Bod v BRI RS TR L m (FHF0 13 5t NS2 v2.33 p #R 47§ 11 2 PriQueue >

€% phiz2 DRRFE % > A3 2 e &8t 9 (F DRR 4] 57p cho s & UDP 3¢
& ¥, % % % 2500 Bytes 0 A F @itz CBR3t# + /] » 3%k % 2400 Bytes » 151 %

Fairness Index[18]#m:- & = ;% » papb sk & & gh2 B 97k fe B2 48 B4 5 > 1% Fairness

Index ¥ r24-4F & S b2 B el L & o R BB 100t lenlicdy o g HET S T
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% 4.1 W SR T

Parameter Settings

Physical Layer

Bandwidth 54 Mb
Transmit Power 0.281838
Carrier Sense Power 3.65262e-10
Receive Power Threshold 3.65262e-10

MAC Layer
Rate for Data Frames 54 Mb

Rate for Control Frames 1 Mb

RTS Threshold 100 or 5000 (Enable or Disable RTS/CTS)
Interface Queue DRR over PriQueue

UDP packet size 2500

CBR packet size 2400

4.2 DRR #+#|-43¢ single Collision' Domain 2 T 4 £ 45

HABLZ DRRF &% > a@ *_t Mesh Network F5:.  » 4 & 8L L I 4 chic & 12
AR R A ik o LR 41(a)7 2 R 0 H PONL & N2 P a2k p BRI
STAs *i i i% 52 CBR traffic » f5d. UDP @ @8 77K 7 s & 2- N1 ® § i* DRR ##4] » 1
* DRR #4144 N1 p £ 5rpRincngte i g > W2 N2 1B k2 4te ng » &7

DRR sratio 3 £ L2 DRR /T & /2 it RO HANA & 2 G 8L+ 2 i gL blendrdlac 4 o

Bl 41(b)°¢ 5 B R4z k(1T 5 0.0 §50)» & & F (7 DRR 41> N1+ - j&< g ¥
T R A 10 Mbps 12T > N1 2 N2 4547 12 35 i 802.11 £ CSMA/CA 441
MApE STy E AR S B R EARE I0Mbps 218 0 B F L BT BT 0 B
hegt A it g F NL F A 2 Gn B endk B O NL ®brfp b 973 o %0 E F| 27 Mbps
2)- I Jﬁ"\F'“m’"Lré\ﬁomﬁp REdefer ok iy o 2% NL L 0 95 7 * an
AE o N2E2 TS Y > R 2RI HE BEHe

B 4.1(c)® > a2 N1% i*7 DRR 4| > ¥ #-H Ratio#A & 5 1:1> 7~ N1 p £
WS 1@ a N2#rgaEamt bl » 5 1o KR Y ¥ 5 & % 7 DRR 84130 N1 &8 >

N1 % N2 = F]\F"*é’f”'}fﬁfé_ ’ %’%’d DRR e » FRFEH THE R A fie 0 B B & BLheii &

18



7.0 3 30 Mbps 2- F » dadF 1.1 vt b & fie o

IS

Bl 4.1(d)" #-ratio A AL 1:2>H ¢ NI b5 1odm 52 N2 it G A B 5 2o

Y

BRY T E A NLZ N2 A & 2/ es

[

» 10 Mbps 2. 1 4& e > I L dFFE P chratio

DRR 0:0
10
__ 8
:.
3
= P -+N1
P . E , N2
N N2 Z
. g []
MPP MAP MAP 0 5 10 15 20 25 30
< Offered load(Mbps)
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E 3 ---N2 E 5 N2
! = 2
1 1
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W4l = &gprleRir H#* DRRFEZFHES

KR BEES NPT RZD > A58 NLF T DRR 4] > A& &2 N1 2 N2 g

A fe o TAGEREE ST Y > DRR 4] s B 33 &> single collision domain & 2k »

o iE B R AR B4 e o

B 4.2 51 * fairnessindex 1F 5 — v- g fdic> H @ > 0:0 #5558 e 4> SEF AR Fent
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4.3 RTS/ICTS #41-13 4 & 5k & 8.3 % ch > T 4 B 4T

Aol HOF %G Bl 43 iR IpET 0 @ % DRR #4112 & RTS/CTS 4] » BL%
AR S SRR CERGL N S E 2 SR R S VE S S
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4.4 CWA #84]-& fe & RTS/ICTS #84IpF > &2 5 2 2%
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4.7 Summary with a Decision Table
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% 4.2: Decision Table

Case RTS/CTS. | CWA(ratio)
2-hop Chain 1 No No
2-hop Tree : No No
3-hop Chain

Offered load < 2 Mbps
Offered load > 2 Mbps

No No

3-hop Binary Tree
Offered load < 2 Mbps
Offered load > 2 Mbps
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