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Abstract  Multi-radio wireless mesh network (MR-WMN) is one of the key access techniques in
Mobile Internet. However, current 802. 11-based MR-WMN is not able to provide low multicast
end-to-end delay. To address this problem, we first propose a layered and analytical model by
combining overlapping channel assignment with multipath routing strategies. The proposed mod-
el can be used as a guide on multicast design. It decoupled multicast delay into transmission delay
in the MAC layer and queuing delay in the Mesh layer based on that it derived a new multicast
routing metric that had low end-to-end delay. Second, we prove that finding the minimum global
flow interference solution is a NP-Complete problem and the relationship between global flow in-
terference and network node densities is distributed in accord with double-Pareto lognormal
(dPIN) distribution. Based on these two results, the DCA algorithm is proposed in order to mini-
mum global flow interference which can efficiently reduce the multicast transmission delay in
MAC layer. Last, to avoid the best wireless link being congested, we propose the flow adaptive-
based MMRA algorithm by making use of the MR-MED routing metric and the multipath routing
design philosophy, which took local channel congestion into account and can efficiently reduce the
queuing delay in Mesh layer. Simulation result and comparison of the common algorithm MCM

both show that the proposed model accurately characterizes the multicast delay in multi-radio
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wireless mesh network and the combination of the DCA and MMRA algorithms efficiently reduce

the multicast end-to-end delay.
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N0, c*r) e AL RH R TEEE.
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A — S AHE . X AR AE TR s TR L

T Fv i EAES. JEEE,
EIE S, TILHEHE KA S double-Pareto

Lognormal (dPIN) 434 .
IEA. HER 2~4 . TN B I K O R
I AL A3 B 32 2y (GBMD L |1
dX, = (pdr +0dW,) « X, (12)
Horb: X ARER TR HG o B S B AR TE Teo 2
E e

X, = X, » et /0w, (13)

A
InX, = InX, + (g —10*/2)r + oW, (14)
X ~ dPIN (a,83,0.¢%) (15)

Hodr o fl—PBa, B =>0) 43502 = AR )5 7 FE (16) Y
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i DL P 1 B i 15 K IR dPIN 4345 27 RS

AR e s ige A 3%k e B X o i 2 i 1 4
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A4 Ch) PR 5 10 25 14 5 B2 45 - A AR T
PR AR R 2 T B 1 b 2 Ry I T
SO A X 2 1 DA T4 W i P T )T A X
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=
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I 190 65 4% 45 5 AT 42 T3 o A 1) 4 Probe Message
AR A EAR B ST BE RO B AL A AE
FH G — Bk (8] Py O R A 22 AT EME B 2y L 2 %5
FOE 7 BC S TT AR I e DAZH AR IR RO G
R B AR 563 1) (BFS) X I 45 42 5 45 45 %0 43 2 Ik

EX 3. WRALTH JZHI A FATH
(1R A B2 0==d[A.B]J<R: A, [A]N
o[BJ#FJ WA DB MR FEBREA T
TR

EX 4. ke Boe X A7) pros. Hop
RR AR T8 /9 S8t 0. SR AR TR
2 B 1 A 1
Flu.o= [] {le—c[oRRT|+ |c—c,[v(SRY]|}

Yoe IGw
¢joc; €C

an

AT B S Tl e 5006 9 0w B 508050 I
{18 cofdfi ¢ 5T J5E T Goh ir A B 20 A5 18
(1) 258 B K s T e /IME T30 s B KAL AR 1B 2 1.
A B2 S5 H B T R 43 IO A B L 7R 2y B AR
R LI KA LA R 2L F (s o) g B AR, A0 2RAEAE 2
T A Fluy o) B A AR IUE Bk B BLIE 5 — A
Mou rPAEIE ¢ J5 A u W RS — R H RR
P AFTE DAE S o 5. 2% 8 A5 8 o e Ak
(Density-aware Channel Assignment, DCA) 4 &
%1 s,

ik 1. WEREE RO DCA.

1. procedure DCA(C, G,

//C: channel set, G: network graph

2. s’s SR uses channel 1, its children use channel 1
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for their RRs

3. s uses BFS to divide WMRs into different layers

4. for [<=2, layerNo do

5. if >1 then A<-Sorting all node u at [ by their
degrees

6 else A<—all node u at [ without sorting

7 end if

8. for each a in A do

9 select channel i€ C to minimize F(a,v)

10. a adjusts SR to i, its children adjust RRs to i

11. end for

12.  end for

13. end procedure

DCA BIEPWA PN EER 8 5 T LR
TP S/ AL 1 Ak L 3k 7R AR 4 WMR Z ]
8 11 Probe Message, A DL J7 {# Hb ¥4 38 5815 119 43
i K.

5 REBENZFHEBREHRE

2 475 i 21 i I A2E 32 B4 A0 HE BA S 0, PR AN
T 2 478 A2 i B AR 2 1 DR i ) Sy oF- 25 I AE L AE 42 R
A A F AR MR-MED #6858 0] 541, S48
6 H B30 P LA AT MIR-MED A5 2y % by ) 416 LA ARG AL
2 475 v 2 vy 1N S HL Pl T O 2 BRI D0 AT PR L AR 1Y
KO LR B0 45 41 2E B R HR BRI SE . % ABUE 2
TR S DR Ry BT A 5 S B B DB D )i 0 el Bk 1Y
2 fifi R n] R 22 09 504 3 A o A g ) B B AT 3
BOZSE I A A P ZE . BT X% R 4 U i
IV H) 25 A% A H s ol SRS G T 22 4% 4B B ok Bk
(MMRA) 57 2 4 1 i i A o %65 48 I 4 3 A7
O3« AT AT 850 22 fff A b 41 26 . MMIRA WL 2.

Hik 2. ZRHAMBBKHMEDE MMRA,

1. procedure MMRA(Gs,R)

//s: source, R: all destinations
2. s uses BFS to compute MR-MED (v) towards each
WMR v and divide them into different layers

3. V(D<RU{s},E(D~J

4. for YWMR v€R do

5. p<wv
6. P<all p’s parents //P!=
7 while Yp&€ P A p& V(T do
8 select u € P that MR-MED (u) +MHD, (p) is
9. select w&(P—u} that MR-MED (o) +MHD, ( p)
10. VD)<V U {u}
11. E(D<E(DU{(u,p)}

He 55 ZHPICEE Mesh W 2% 20 45 vy 31 i o) 28 4K 5 146 1365
12. if w!= then
13. w.tag <"“backup”
14. VD)<V U {w)
15. E(D<E(DU{(w,p)}
16. end if
17. p<u
18.  end while
19. E(T)<E(DUA{(u,p)}
20. end for

21. return T

22. end procedure

TR H & N R BAE SR m AR 2% i T
MR-MED {8 J{ 3} 25 3% 5 i A% 1% fa % 4% 76 1% iy it
EE TN HE BA B 4 22 i) 5P A o A 2 AR B 3 SR g
T BE I AR A BRI 2 T A e W RE B T2 A R
25 il [ DA RS /N HE BABSS A8 5 ) 28 3 et KBS A
T IO SR A A AR R AT 0 U s SR R] RE 28 il A b
P58 5 4 0 25 i 1 /NI L 2 AR UMM s B 4 R
T2 1% T e i R B AR SR AR B 2 ST R
MR-MED {f g 5& fa] iF 4 43 i £ 98 26 B 2 73 Ui %
s — B PR AR 0 28 52 M T K 40 i B 8 e (] i
FEAR. B IR E BB 48 I 5 T L AT RE A AE 43
AL T 7 75 0 A I A% R 43 I A 2 T A e
B 38 I R A =X (18) 1148 ELMR-MED 1, 4 Ji %
& ELMR-MED {8 K F 43 i # 42 MR-MED {# I} £
HEAT Y 4.

llllll

J— 1 —
EMﬂ%MED]—Chmﬂh[ngwfﬂ?MED”
now =>CLength (18)

Hp . MR-MED,,,, %78 fie B — ¢ MR-MED fH. X
H CLength B9 B £ 312 B 76 BOAE 60T HBUHE
SR R R TR R R D M R R T 3 B R 46
ZIE AU CLength HUE A 1 W RCHE D) 46 fe 1 55
A R A A Bl ) A i e AR B A L (DT B BB
S 70 A D] 7] 8 AN A3 55 (8 S0 00 ) 5 e 7 2%
AT — 28 T AR F 5 3 i A0 D) fe 22 18] 4 A A

[ia) 5.
6 AESH

AN G 3 7 LS5 L of 4R ) 2L R v B S I SE
fEfeTr % MR-MED 5 MCM f£ A 7] 37 5 LA [A] M
2R TR AT OF FE A M. e g 0 S B S R
RSB AR5 AT S I X4 SR AT 2 FL AR 5K
B4 R T MR-MED 7£ ff¢ Ak 28 4% S 1) Jig b %€ 7
T PR AT 28
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D7 ELS2 6 T NS-3 R 48 52 481 2% JH 45 4 A7
XS AR (DCF) i IEEES02. 11 /E i MAC 2
P, MR 802, 11 o v Xof &L 48 1% i 119 23R, A fifi
RTS/CTS F1 ACK HLiil. 415 s Py 3 A7 B LR
SIBEHLAE BUFE 1000 m X 1000 m K /N B ) 4% X 35§,
DA LSRN 6% 00 20 37 30, 5 ) BT 2R B I 48 1 F .
B AL i AR 250 mL TR AR 450 m. 2 #E
VT 50U AR Y R [ G R 3 (CBR) , 204 K
/IR 512 Bytes, B4 & 3% B 0] 54 500 s. £ X} A4~
SR HEAT 100 YR A B SR B A 1 O B 4 5L 0 45
K. MR-MED-S #l MCM-S 3R7R W #f J5 8 76
i M 2% [ PR BE R B, MR-MED-D fl MCM-D %
I T o 8 R 8 I 45 1) 1 e R . R T M AR N
2K R SR IC I MBE B S TR 1 S0
st i 3 73k 2.

F1 ZWSHMEEBA
I 28 3 75 X 38k 1000 m X< 1000 m
RiP=t & B (B<<1):30; PH(B>1):60
7 05 BAF B K B FIFO, 2.0MBytes
{5 1 2 A0 R R 2.4~2.485GHz, EIEL(FiE 11
Bl I 0.9 (constant)
Bl P HEAS R 1. 0 Mbps
A4 O 28R Omni-Simplex-Two Ray
S O R 4 (2% 2 MIMO)
B 100mW (SWR=1: 1)
LS EPNAN 512 Bytes

®2 XWHSMIEHA
B

T AR 85 090 4% . 29 2 R 5~ 30 W AZ L MRS 15T T
LEAFIER 115 AR R R 4 120 pkes/s

R 50 0 . 150 30 4 1~ 11 T8 B0 15
S LHUKE 5 5 2LH8 U515 5% £ 120 phats /s
0 RV 9 2. 4196 % . 50 ~ 150 phes/s 7T 25 , 3 Wl O
25 SR ALRLAE 55 22 A 11

Y

S 360 FLE IR S 1] — 4L AT LR R 2
A7 ik i 0 i ) 3 - 249 I S L 4 A TR RE VAL S Hoe X
LU

—a— MCM-S ——MR-MED-S
3 | -0--MCM-D --8--MR-MED-D
ELoja]=N

A3 At i /Kbps
- ,
(&)
S

15 20 25
AT AR/ e B34 1 4
Ca) 237 4 MRS 7 ik 1) 5 1)

5 10

(1) 4 # F ¥ & it & ( Multicast Average
Throughput, MAT) : H#E H 19 1 sl ki LR
BB AR T IERS ERB RS 1A FI M 1
ANFAT AL Bt 22 1 AL ALK S A e R
JIT A 2R H RS A kR A S M RETEAR =
K BT I 265 RE 1% 7K 800 21 e R .

(2) 414 3 5 i F- ¥ i} 4E (Multicast End-to-
End Average Delay, MEAD) : ZH % v 3] Jifi B 2 2 X
AR H R SO PR R 1% Y B BT AE B it
(] 2H 4% g 3] oy - 2 If S 5 SCON Fir A7 2H 7% H T
W BT R R B BN 0 BT B 2% 1Y 1 S I [R]L 3%
REVE Al 2 % 3% W] N 2% 1% 3 2H 55 803 60 BT A 2 iy
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6.2 THEBESHRT
6.2. 1 ZH B 2H MRS M RE 1 52 1

st A T i kB MR-MED J7 & it MCM
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B 5 FiR. L84 B 5a) 1 5(b) F H : MR-
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s TPl 7 58 7 i i D) 2% R A 285 I 2% vh A kB 1 B
W/ . fH MR-MED Jr 58 (% 21 4% 7 il 52 [ R 88
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BRI R E G=13 )5, i MR-MED J7 8 i) %k
BEECAS B R Ay B )5 AT R, —J7 i MR-MED Jr
Z 10 DCA A R/ 17N e, 55 —Jr
THT 4 2 47 2H RS A O ol I 2% 3t ¢k 55 %2 1) MR-MEED
J7 FR 1 MMRA 513 5 G 7 A 40 28, 8 1
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25 A 5 W 45 . MR-MED J7 %€ 1) 20 1 A ik 1 22 5%
/NF MCM J5 %8, 3% 02 Ny DCA B3 7 {7 1 73 Be i
FIRT M HE X —HEZNK. WA 6(b) AT LLFE
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Wik T — 2 5 MR-MED 75 %8 /9 I 32 A7 9% W /N T
MCM J5 %8 3 & P g 19 265 vp ] A5 18 850 78 2 7
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Background

Multi-radio Wireless mesh network (MR-WMN) is re-
garded as one of the key technologies of the backbone of Mo-
bile Internet. Though it has been deployed in many areas for
ubiquitous accessing the Internet wirelessly, the nature of
WMN, i. e. wireless broadcasting and channel interference,
makes it a challenge to efficiently support multicast services
with considerably low transmission delay, which will deterio-
rate the quality of services in upper layers and lead to un-
pleasant user experience. In the world, exiting multicast op-
timization efforts for MR-WMNs have traditionally focused
on either the flow interference or the gateway load balancing.
Though it improves the multicast delay, yet the result is far
from expectation. Experiments and applications have all
shown that multicast performance can be efficiently improved
by explicitly taking into account the overlapping channels and
the multipath routing strategies.

Therefore, in this paper, we propose an analytical model
for 802. 11 based MR-WMN by combining overlapping chan-
nel assignment with multipath routing strategies. This model
derives a new routing metric, which can be used in subse-
quent routing stage for obtaining low end-to-end multicast de-
lay. To reduce interflow and introflow interferences, first we
prove that finding the minimum global flow interference solu-
tion is a NP-Complete problem, and then a quantitative anal-
ysis is proposed to reveal the relationship between global flow
interference and network node densities in order to design
more effective channel assignment algorithm, at last we pro-
pose the DCA algorithm to minimum global flow interfer-
ence, which can efficiently reduce the multicast transmission

delay in MAC layer. To avoid the best wireless link being

local area network.
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congested, we propose the flow adaptive-based MMRA algo-
rithm by making use of the MR-MED routing metric and the
multipath routing design philosophy, which takes local chan-
nel congestion into account and can efficiently reduce the
queuing delay in Mesh layer. The simulation compares our
scheme with MCM and the results show that the proposed
model accurately characterizes the multicast delay in multi-
radio wireless mesh network; the DCA and MMRA efficiently
improve the multicast throughput and reduce the end-to-end
delay.
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