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Abstract  Long-distance IEEE 802. 11 wireless Mesh networks (LDmesh) have been emerged in
recent years for its high bandwidth, low cost and large coverage. It can be applied in rural regions
or sparse-populated areas to provide high-bandwidth Internet access. In LDmesh networks, links
are point-to-point and as long as tens to hundreds of kilometers. To achieve the long range, the
wireless nodes are usually equipped with high-power (e. g. 400 mW) 802. 11 wireless cards and
high-gain (e. g. 32dBi) directional antennas. The links in one node cannot transmit or receive da-
ta simultaneously because of the inter-link interference. The traditional CSMA/CA MAC proto-
col suffers poor performance in such a network for its long propagation delay, ACK timeout and
inter-link interference. Therefore new TDMA-type MAC protocols have been proposed to solve
the above issues, such as 2P MAC, WilLDNet and JazzyMac. The upper layer protocols such as
routing and network management thus face great challenges and appeal new design diagram. In
this paper, we introduce the fundamental concepts of LDmesh networks, survey the research ac-
tivities in recent years, and discuss in depth the challenges in terms of link performance, MAC

protocols, routing protocols and network management. The future work is also discussed.

Keywords IEEE 802.11; long-distance link; wireless Mesh network; MAC protocol; routing

protocol; network management
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SRR E A 26K A ) R SOIR A B R 4 — e
R0, o A B9 O R E TF 4 & 2% 50 s . R ik
Bt ) B b 3 SR AR R Y B DL AT 2 (R o
B 35 T R 2 TR A ] A 326 R 28 %8 4 0 T R o R
marker W ERBIER. EREETESENL T, F—
T2 E A hub BEATA R B L
ATLLR AT NOTIF #L] s BP 25 — A4 1 & 2% 58 B4
Jo .l A LR 1 — > notification(NOTIF) 7§
Bgh ] — 1 s H A B2 115 B 2 R B L E
AN kkr NOTIF J5 . 57 st U 40 21 & % R4

2P MAC WA RTET R T BER B TDMA,
BV 2 306 T A A UK AR 36 R I B R — E YL TR —
AN R B Ak B ik JO R S DAY
R R 20 5 5 2R — A A R AR Rk Bk
HURE A 26 F 2 19 719 0 B G [ B B TDMA
g RiE. 2P MAC 5 2 Marker £ 47 A 2, — H,
Marker £ % 5% 5 B A6 9 — 2 i ] 2587 57 [ 25

g3 b 2P MAC 225K [a] — 5 2 1 2 Ao 15 s AL
TR EPIRA CR % /3080 » Bt Mesh 928 1 46 £
WA A L R T 2P MAC 1 F Y .
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4.1.2 WiLDNet

WiLDNet™ 7£ 2P MAC i FiE AT 7 ekt . 4K
SRR T [ 7 BB AN TR] Z AR A T - (1) fiff 3 T 3 3
% O 1 FEC (Forward Error Correction) H{ 1] ¢ {%
Fhisl, (2) 5 ASBRaTR 2B HLH] L ik e 1 A 1] [

WiLDNet FI2 T 5 2l 0 B A9 it 228 1 o 2 AR
e iy 802. 11 1y 45+ 45 Up i, # Wiy A &k % Bulk
ACK, X b — i B AP i 21 (49 B A 40 1847 8 A Bulk
ACK AT LLBH i 26 £ 62 09 J5 T A 7] LAAE R — 4>
M) KL i e B Y TR RO, S T T
t3 18 FEC /) 3 & K &2 HL .

WiL.DNet 1A 2P MAC A& T4 #3655
marker F W] F R S TE M 4% b 5] 7 81 L 5]
AT Bz 6 47 (implicit synchronization) #L#]. 2%
B EEAB H A R REE B NS,
Lind A ~Lreer s 93 FRIN A R LB BB H2 WCET R G T
B PFA A Kk B E A — A B R 0 SR
() AR I ] 2y 5 6 B IF 4R B 8] 2a a ID 2616 0. 29 B
FERFZ) 0, W8] — R, B A B BRI 46 B (] 4E 2R
Lo s =1, —0. 24 B BHEWCITBREE S0, FF B £ =
Lee s+ T B UG R 35 X FE ke 52 1 B T marker

SR A5 R R W], WILDNet A 200 BR 1 X ) & B%
SR SRR i AN R 5 Y ST 7 A S (DN S B VA /3
S BE B AR L 1 3 N A 0 PR . (2 7R T 0B
P AR 00T » WIiLDNet #9 FEC #L I 4R #E &
FEAEH].

4.1.3 JazzyMac

JazzyMac*! X} 2P MAC kit FEA LT 3 & .

(1) 2R TR A2 4 B2 Y B .

MR A S B 3 e 3 A5 R R K I R B K BE L S BR
PR b (i g 2 B R 306 BB 1 R 1 28 Rk )
BT 1 /0N & Sy sl S AT 1) 5 8 o R I 8] LA R TE 2
M HE T A R KIS BR A E

(2) i F1I4 itk — 25 0 B 17 ) ] 20 i 245K

I 2 e B R R A — 4 (token) , %4
JFH T 6 2 i B 9 g 1) 19 A 1 AR RS« Rk A I
SUA Y — AN SO0 A B VR A A BT A B 322
WOR S VI B Rk RS — AR RAERR T A
2 1A W 22 05 A e U0 46 B 45 IR 25 A RURN S )
R [ F) {57 P DR 02 IR BUAS 23 BE B, S 25 A % % TR
FRANF Ak L2 MR AL

(3) #h BT BT 544,

XF 19 28 4 DS B o0 R R BRI 25 T A
filt g e T0 S 2 @ 3k A i KD (maximum cut)
Pi T BRI R AN BN TSR R KL 5 R
G B OB G 25 K 16 B S A [m) B30 €8 60 7 AN [a]
BF B DRI S B A9 i B KA B R 3% — B . %o
T2 B K=2. 5 KV 5 e it b a5 v
T T AR K =R B R R R YL 4R
JETEX A R RV 7 B T 2P MAC, HE /i AE
o5 B

P HL45 K] JazzyMac $& 5 7 W 2% 1) e KAy
28 Fr ik FE A 4R A FUR BT R A 10 Fh A5 A A
AR TR A — 03 M FE S X AR
R U e b 4 v B B

JazzyMac Bk s 2R 2 28 B . BARZ TR
S A A R Z R AR B (H 2 A W) s 1k
Sy B H T EAG B A R fE .

4.1.4 JaldiMac

TEAE B LDmesh [ 45 4 85 4 3 £ o FE B8 5 K
AR E BB AL d 4 T AR 60% LU
L b A B A B S T DR AR B A AT B AT R
i iy b A Ay 00, g 505 0 R B 2 p A O =X
W 7 FroR 638G KB 5 Y 1] A [m) ek o /0 315 B8 1Y
Boa. Wk, 5 AT m A A LR B A A
JaldiMac"*" By F i e 2 5 22 5000 38 5 ) 1.

7 LDmesh 945t g%t 2 1038 45 )y 2L

JaldiMac 2k F %8 ) 7 20, £ ¥ (master) i &4~
Tl Cstation) 73 5l 4% i T 47 B4 - JF 18 1T 0 9 T
BN EAT B BE. 25 R B S BRI 2% A A 0 S X AR
PEHHE X T TDMA B 4 73 BE 07 5. 454> Sk ol
AR i e A% Ay %) 5 A0 1) =l B LR R b AR i
TR A A T8 1% b A9 B 285 43 BE. MR s N T BE L SE
IR BB A [A] A SR 8 T 43 B T AN TR] B Al 55 2
(service class). Ff#& T X 73 IR 55 i) I8 B2 550325, LA
T2 I B SR DR AIE 2 BRI 55 19 QoS (Quality
of Service).

i TR T Ry J7 3, o T ) b iR
TR ARAG 5 ZE B 77 2k 1 — & T8 S5 4h,
SR 22 R A A 2 T O 2l g A B RE T —
H Al PR L A ) 45 02
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4.2 BiEEHN

M b0 LLF B, B MAC Bl 2
—AMEIE WD TR TS Y H AR AR B B ) T ™
L PR BT 5 2% 0 DM LA DR R e R 1 TR
W0 3% /1 WS ) A 1) R L 0 245 4 G 4% ) A £
FIE ) MAC Ppisa] DLk A &R 48 B 53 e BN T4 1
IEACAFIE S BRI 3kt O 1 FH 40 B8 3% 8] 1 T 8. (2 215
TE 5| & 11 [ A5 U]~ 1) g Ja 43 R AR 3 199 43 . T A
24 LDmesh [ 4 JUFP 5 221 25 18 MAC Pl
4.2.1 H£F802.11b/g £ {51 MAC Bl

2P MAC iy EZ A A TG AS , — 2 2% 31 Fh
I A B X S R T 2P MAC Y 8 S B
S R R WO BRI BE AR TR] L 2 AT
AT 45l 55 A X BRI B S A R IR B X
b ] R4k 2P MAC 2 J5 /Y 55 38 MAC Prislir sk
DI Y.

Raman W A 2 15 38 £ BE £ th T 1 34 0] 11 fige
O | L% (w2 U7 0 A N =1 Al 3 I R
I AR T ] P AR AR R A 1 L OR
F 2P MAC Ppis, #H 28 F & fa] i A 1E 28 15 38 . ] it
- I V) 1 38 1 AN 2 A B 6 T LR AR B S Y. S
HER X 802. 11b/g % A 3 M IEALFIE AL AE
BRI B B 3 3 G UE I T
BUNTF 5 B AFTE 3 31 0] 4 00 5 38 4 B Oy . sk
B4 ARl 45 = A B B BR K, 8 X T DF (Desired
Fraction) #l AF(Achieved Fraction) , B — 4531 — 1~
1) T B S TE 0 T 2 A EL B DL R T A5 3 Y
He g . 42 11 T ZMCA (Zero-Mismatch Channel
Allocation) {5 1 43 Fo 51 . iE W] T ZMCA J& NP 5¢
S ZMCA 4k g B /b AF fil DF Z 221
5 1A ST B Ak R 8, % [A) 2 NP-hard, B4 4 T
Ja &R I AT T TR RETE M

R 7 i W AEAE DL ) S H B i A
P14 A TR A () SR T A S B 09 2 e I G bt 4 B 7 7
B IR AR, 340 DF (8 L IR ME , 5 22 5% &
F % i1 JInternet $2 A 509 #0555 7] 8, 1 H DF 18
ATRE RSN, N S FESIE RS
B A A A5 T8 0 b A 25 B8 TR — 49 )
HH AT B % ) 1) e o 1 BR A 35 55 b 5 8 I e ffg /1
— A BRSO A LS BT IE A .
iR 5 2 B Y S BRI T 5 R — A BRI AR A
TERRATR R I 26 v, 5 sl BERIOR A AT RE A I 5.
4.2.2 K A0l HIEZfFIE R MAC Pl

Dutta &8 A\ 76 SCHR[21 ]/ S hli - 2% 18 1 3 —

BERIE B0 BN K AN (I<<K<<11) 1E 385 18 1915 .
8 LDmesh WM @ L K G=(V,E), & T
MRS 2530 B 07 05 00 o B ol 55 75 oK. 4 K A
L1025 B (=31 N B o 1 O 9 s s S 3 e 2R
ARIMEE . R 2A KA 20 T ERE R T/E Hik
TR PR B AL K A 0 8L 7
TR EVR AR O G SRR IE A R
REAS 2 B S5 ), W A AU 2 B Rl &5 =0
A R4y AT LAGE 8 6 b W R L RIS LT K AN
T R RES hy A A VAN B A il 45 E )k

’__ ZKA N N4 S SN T
N =G o ([T ) - HEWTT 24 b A A g

JEHBUNT 28 —1 8, 7 Mesh Bl 45 78 K A~
o ol B I AT G T ) i ol R
2P MAC UM AT ML 55 4 B2 . i T 2P MAC B i
FH I B s PR A A 4 — N R U B
FEARY 55 75 5K A B i SR & 38— A~ — 4y F I b i
15 FLIGIE T 7 42 1 B3 b L

A SCHRC21 A Bz PO sE 7 6wl 5 4k H
PSR R4 T S R IE D0 BE 0% W 2 1l 55 5 1Y
R EL 2 T B B M 55 T SR B AN X RR . (H
S MR 2 BEAR SR AR K. i R R I Oy ok =
53 &l & NP-hard [a] 8, SC A (i FHJR) 48 2% 0 U3 1
SIEI. T I R 0 1 A T SRS [ A A5 0 DU
e SRR T B B R G B A R X R A
NP-hard [a] 8, 3CH A S & 2000 5005 SE 8L, ik 4k
RN TL AR B 0 T A P S B B A
4.2.3 HFAHMEMNZEE MAC Pl

18 LDmesh [ 45 v, A 48K BE B 4% % (8] A1
A R A & 3% % UK (Syn-Tx-Rx) L1 &
SR IR G T I 1) T A R B 1) 4 B R R i 2
50 %0 . B A AL, O i i 4 Y ik %, Dutta 4§
N Y — 2R B 6 SR G S [) & 3 5 1) L 1E 58 4
TE )% I K S IR [R] R 0T A RS ARE T A (R A
W 8 fir /. X Af Bl s T DL Sk XL A .
T8 4 e 5] R Ak Ry A 1) 0 A €6 T R, L R R A TR
Xof IO — P . 3%k — A1 R Dy kA R 26 IR

Bl 8 A 1 A £ 43
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(T, 2 A R0 25 ) 3 A I 58 {7 3 L 7RI
FR s Bl B (5 S H B B /MBS
W G SCh A T A A R SR,

IR IR AE — A AL RR B R B & 3% R U
AN 25 BT o5 10 A ) 2 ) A, ELAG AR R 1 R 36 4. {HL
S — A I T RN JC R R /A T X A 1)
RE RIS A B IS I, 55 46 . 4l Raman (9 ) 1 45
e SRR £ [ o'l (= 1= 5 15BN TV 1 R
THCan A 8 Fr ik i P 45 AT I IE S AR B A
J— 45 JC SR B B o A2 SE PR B vt 23 38 B 0] R, R T
SOOI HAARE R i EL S R T A R
P, o — S R 2 BE B (250 m) Y, SC I 4 R G =
LR 77

5 KEEXLZ Mesh M Z&H)
2% B Y

HET B K2 &£ e MAC 2, B i PRl iy
WFIE R B0, KR B JE 2k Mesh 9 45 A BB 50708
BF A HA LR BE 8% A T g 00 T L B i JF
AN JEAS 0] R, T3 P B A 0y BORT L SR 22 X 4%
RREHG A, BEA T B AR o Jo a5 1 199 2 MR 55 1 o 39 i
F8Y S AL B S P ) S B ) R 2 — . FAE SR TC £k
Mesh [ 45 R[] . LDmesh [ 45 1) s 21 05055 #% 5 ) 35
A LML Internet A LA HZHEFEFEHE AR
PRt R e DR 27 I 2% T 55 I Internet Hf ORUIE 3 3] i
i 55 J5i 85t (9 29 HO% T LDmesh, #2115 736 F MAR
1 QoS ™. 53 4h, Dutta 58 N i F M 2% Ui J7
B TR B A 4 A Y 8% Hy . R A3 0 A 4 X
it LDmesh [ 2% 119 % b AL .

5.1 #TF MAR #J QoS &%k

1E LDmesh W £ v 55 225055 Z2 0k 55 2K 19 1%
il 7 T Al TE RN TR R R UIE IR 55 T QoS 1) K .
TEA% G0 10 1T 4 ] K 4 11 6 B 29 JC 48 Mesh [ 4%
Hh, &R T R AR B A A T T 1 Bk ER 2
Bk TP A Y, 53 R0 St R Y. 1 2R T 2P MAC
P LDmesh [ 4% v, 4% #% 2 o 31 0 09 K B0 25 fiE
s — T R AT B [ I A 0% e RHE L T R
B TR T X R OO AT A L 2R, R
SEHE B 0 RS AL G AT K Internet BB
QoS H3E 7 A 3 LDmesh M %% . MAR (Max-
imum Allocation with Reservation) & Internet 1 ji{,
Ty o P B — b DX 3 IR 55 1) i 9 23 B0 T 58 i) LA RK
ST BE 4 T B 5 ORI BB A% 5 Ml 55 Y HE A B

ENE R VNEE W N Aup

¥ MAR 5| A LDmesh [ 2% i 4 55 43 B, 7 LA
48 LDmesh B 4% i MAC Bl i8R 5 BT 5T 1 4
FEAG TR 7 225 . F1 DSR B HLHI AR 45 & E 1T
TARESZI AT LA &l 55 28 04 A 9 S it 3 A 1 O}
P A W24 B A S I S I BT A g5 SR A
A AT B8, — FLI 48 & A 1 2 00 6l 45 25 1 43 L Y
FEIEAT AR Y. 75 MAR B (1) I itk 16 HE A N 45 11
b 55 AT HE AT S X SV E A I R AT A TE T
B ORAIE QoS i 55 1 9 75 5K I A B AR E A I 4%
8 U i 4t — A% d KT AT 9E 10 PR AR RE AN [ R
FIAE IR 225K 1) SE il 55 3R A S 801 1 QoS.
5.2 MEEMRESHEBALE

Dutta % A" 2% (& o5 3 45 4% % (19 LDmesh %)
& LT 2P i MAC Prisdl. 45 & T2 H i 5
18 b 55 90 4 T K K B b R B AL AR 25 A 8 )
S Ak Syt 20 SR 2 R K] T R ol P ) 5% 38 T 22 Bt
B 0 J7 ik 45 0 T 3 UG . ELAAOR Ud F X 4%
BN E IR E G=(V.E),C(e) WAt e AR 4
FE M AN IR ) H A 8500l 55 9 6 T 3K s e R A
s BIHB 5 e NIRRT REE. B G W
Al o FEIES AE—ABB T I b F k%
RS BEFEA L B 19— T4 AT B R W] LSRR
HRE R B, € BRYA A BUE % T4 T i iR
YR B 26 52 BE 700 & woy s wop, s e s wy WAL
1,5 R PE R CYBERE e 124 10 70 7 & B, iy
B 1. AT RAFRIR Ry iy 24 o i 2k B ) ) & dn 1] 9
JT7R.

Maximize A (@)
Subject to:
M
fl=>]flesk), Ye€EE 6]
k=1
A= D) fledd— D) flek)s
“E‘\:out(\/\ﬂ «e.\"in(.\k)
Ve=1,-.M (3
D1 fleskd= > flesk),
e€ N, () €N, (0
Vo#sesdys Ye=1,- M 4)
flek)=0, Ye€E, Ybk=1,.M (5
|B|
F=C(e) » Diwy, * Loy » Ye€E (6)
i=1
| B
2wy =1, wy =0, VB,€B )
i=1

Pl 9 i 2 A R Rl ) R
B N, (o) Bl Noy Co) 20 35l 378 35 58 o BT A ik
AR BB IS, fCe k)RR AN FRM
R e LA 1B 9 Ha(2) ~ (5) & M 4% I 19 2
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A2 C6) (T S R BE B 20 . SRR BT — 53
- PRI oy B 5 R B B IR AR B AR BE 4G
AR RS B AR A AR . R SR (24 48
THRTZBEIE NI E R L RS E
GYBT T AN S B A ) 25 R AL R 4
HE SR A5 R

6 KEEE T4 Mesh [ 48 BB & Fn & 18

Surana 45 45 4 75 FIEE MR P K LDmesh 52 5
P 2% AirJaldi #1 Aravindt® %% g 45 7 W 4% & LY &
55, Iy LDmesh 2% 48 1 B K 1] @2 iz A7 PR 52
B A 4G B AR IR B A A R EE. bt £ A g
PER AT » 23 b BB 5 &2 BEAE I AP 1 B o8 2 8 ff
BY 5 2130 BN BB K ORAR L Ak BB A RE A
FR 5 PO 2 JC 45 102 5. — EL 04 B B (I 25 R
D T AR BT STl AN B I O HE A
T e T A5 AR DR XL L O P 4% A LR I B 2 T R A
Xf LDmesh B 1F % iz % 4k % & 2, {H & B K &
LDmesh [ 45 4% B 14 35 0 25 45 B85 B AR A vl 5, 3
A WEE R AR B T8 = 05 i@ (5 T Beslo 7 i i
PR 5 K 2 5 I 28 A5 3L R0
6.1 EFE=AEBEFFRHEHE

Surana 22 #E LDmesh WM& & iz H T
Z 05 =07 A5 T B A 4E VSAT (Very Small Ap-
erture Termina) TR R4 . 31 5 245 CDMA.,
GPRS, M i 2 7% #& FH & 2%, 0019 A A7 R3S 4l
B2 W7 0 I o5 8 DT AR PR 2 9 ) 45 45 L oP R 1Y
W BRE R T 2 R 8 EiRs TR S R J7
2 Bk 2 8 “PhoneHome”. £ X%} LDmesh iz 17 4
TR A ) R, SRe T ol g 42 ) R IO ¥R R R 1) v TR AR
Ji PV 1) 000 0 A 1) 0 o Xof et 2 BE AL ™t
B BB 5 D11 24 ) ) 28 R N B SR TR B 55 =T
HAE T B G s 8 A T H AT A5 AR 2 ]
RE T A 7% 2l 3d 15 ) 45 10 7 i
6.2 ETHIBEFANERE

Yo E % TR K 2 Y Bernardi % AN kST
AR BE A1 5 ARV A2 T L ik 2 0 4% 47 3L ) R0 7 R 1N
PIAT W 0 02 1 1 P £ it 4 TR0 8 AR DR A
2 2 9 2% 48 B b, O 6 AR G2 Y SNMP. 42
BT BOTEE (1) TH ) H A R R (2)
B 4& NOC(Network Operations Center). §ij# & H
15 J2 YR T AR U 0 AT A A R (StixL) R
R R 28 45 L) I Bl Cactivities) , {1 15 ) 4% 425 3 % o
22 (1) 5 M 48 45 0 G RURH D1 3l B T AN J2 IR 2

Y AHTT . S5 0 A3 A =X P 4R Q34 3 4 4 ok s U
FE ] oF 5 A (StixAgent) HE B 35 45 75 3 BE 85
W, TAEWE 5 E M4 1) StixAgents 14
XML SCHF B A AT AT A,

Stix [ 73—~ 5 AU 2% 45 B 2 1 AT .
W 48 1 E i 2 Bl 2% StixAgents 8 H &
05 F ok . Ffdi A Sprinkle L] 52 PE H & 78 2% M 4%
(log overlay). % ¥ & Al LAAR ¥ 75 5295 0] 47 % £E H
AR T 2% rh i O L B StixView 525 KR
Bl StixView SR 20 WiKi 352 F25 0L SQL Y
A IER] LT Web T 16 A9 37 0] 05 3. 13X FE K
2545 BRIE Bl A BT RN &5 SR B U [R) 43 B T . Stix iR
7E StixAgents H AL T 5 & 4 BEAE b C6E R fh 5
2SR RRE R 5y B DA SRR TR R I A

7 K EEE Tk Mesh W 2& 19 5z B

7.1 BHEE

TE LDmesh BJ2&rh, iy T — 15 Sl H S 2
S0 B o T g A 5 0 T B — M R R — A 1] R
LA . (D WERA—6X/HZ
ANTLRFE R AR &, () RHWME 1 R
T A A — PR A S 251 A (TC 4k %
M) @i hub LM E, AR — A5 87 H
TEZHMRmAER —f&& L EERE. A9 HE
T3, BEAE T AEAE [R]— 451 B 1 1E 52 (5 18 _F TPt AR ™
L, A TAEAEA S B (an 2. AGHz 1 5 GH)'™,
XA i 2 BRI P K (802. 11b/g,802. 11a) , A
PUER —Fh 7 vk D LR T 2R R JE & |
CEATWAET R DIDET P R AR B S
WA R ZETCL R FIE 0] RS RIS .

7.2 BRI F

(D) fWE £ K 588 A ™ 4%

i D J v [ S AW A £ AT Y T e 2 HE A2
LDmesh A94] % 1% B A F 8 4 T8 A8 R 3% 0047 K 7Y
A& T 3 0N K 248 v ) A3 A 7R B RS b S ST
() AirJaldi P&, i 10 fias. HATA 8 & KB
FERK . 10km B 41 km £, = Z AT REEHE M 45 52 A
i VoIP Ik %, P ik 1 7 N, 2 35 5 B 7 |
100 km. LDmesh g4 Hbth 32 3] — 28 &% X B R A
TR TN 04345 #  b X %) JC 2R 545 52 A Wk
% V.

@ http://djurslands. net/biblioteket/international/djurslands
_net_english_presentation. ppt.
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£ 1 FE LDmesh THMEMEEFEILE
S ) 2% W RIWETLM JE I K2R LN
AirJaldi Networke ey WHSAOL 20OMIE1OME g0 gcom 502, 11/ radio N/A i K B B
TIU testbed e L MWt ot by 24D B R it KA
DG ot i o S ST BT i i
Quail Ridge Soekris net4826, 34 266 MHz,128 MB  UBNT SR2 802. 11b/g, fix K & i% N,//A i A F A

reservation!

SDRAM, 64 MB flash.Linux 2. 6

R 400 mW

7 : 'Aravind Eye Care System. http: //www. aravind. org; ?AirJaldi Wireless Network. http: //summit. airjaldi. com; °Digital Gangetic

Plains. http: //www. iitk. ac. in/mladgp/; * Quail Ridge reservation. http: //nrs. ucdavis. edu/quail. html

House
of A e
Peace A\
= = i Suja
— T Deer Park

Gopalpur =
DGL

& 10  AirJaldi W28 7~ 2 &

(2) N\ 143 A 0 M X A 3 7 6 7 R

5 6 o MK 2 A7 5 R A B TE ED BE R R A T 9 S
OB S BE B B 1 JC 2k Mesh [ 2%, qnf&l 11 Jr
AN EEFER BN Tkm B 15 km A&, 5 8 2 B 7R @
EE E (e 24m 3 42m) . o F 378 5 T0 A I L
W 5 AR 9 IR B2 BT 3% $: 3 Aravind 9 IR B} IR
BE » SCHRFALAS 230 T R FE B Y. A H i fE 2R

Periyakulam

6.2 km

Laxmipuram

+ b
@ pgkyh
(A Bk

— RAHH

Chinamanoor

& 11  Aravind M4 R & &l

3000 % 9 M BEAEZY 50 7 Bl ok 8 97
MR PR 32 M 28K 4 3] 50 M2 I 5 BT I8 Bt 76 Jin 44
KB Lk Mesh RIZ%, & 5 4BEHE, Iinah K
AR Internet AT RBRHF.

(3) He

LDmesh %45 Gg 8 =47 98 , Bt ol )3z F T
B K DXl A AT W L A SR R B XA K R A
B W 4 A I B A O R M AR W AT
4. 3G M 2% H TR AR )8 = AR L GPRS/CD-
MA SUE DA S B i 3 A8 28 108 4 12 i 2 58 T
3R, LDmesh JG 5 2 fx 38 . LDmesh & 7] DL FI TG
R AL R I 2 T I L L S B BB 0 I R AR A
XA T

8 =i ¥ HY E) RE A R RE YR 3 75 1)

B E R MAC il BARA&.

A LDmesh B4 i) MAC Ppil ¥ & TDMA
ST, 32 AH SR 3% 5] T 40 45 10 0 1 24 o £l AR )1
TE (R 4 B I B ) Bk % B [ B MR AR L
BEEAT BE B B ) 2. — O T B R BT B
1% i 1) 42 B R FH 35 JUA R 19 50 %6 S5 — 5wl L B
DO 24 TS 4 185 0 e 8 ) () 2R 52 A, TR 38 K i L
PSR AT, 2 M e SZ B, DR LT ik — S i 5
R TR BRI MAC PRS0, AR 5 il A EER T (D) SR
R TCLR - & 15 B 4 32 5K i e B8 i 1) 1
Peln . (2) 51 ABTH LM 4 H AR L i 802. 11n, 7E
AR B8 MAC Pril.

34 A B LDmesh ™ 45 1) MAC P33,
2P MAC,WiLDnet ZE4/54k % F1 CSMA/CA PpiX
KA 802. 11 W 1y SE Atk I S B L 75 22 5 i I R 1)
KB FRT R S B 25 )l TDMA [T fig. BARRE T 4
JLAS o 2 S B S AR FR M T LI AS S BT A AL S 1Y
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R FRTCL W A8 SCRF A8 1k 2 Ty Fi gk 1k ACK,
R 7 Ml 10 52 20 R PRt A SR A
LDmesh % 2% () MAC $5 #E . DA 3l IR A B9 35
T LDmesh [ 45 (19 02 R 7o) 28 7 4l

R BEFE SR & W & 1L

1T LDmesh [9 2% 5 32 76 AR 2D 1) 85 51 A
6 5 B T R R R R R AR 22 L R LR
o AN K BHBE L XURE <5 3 1 RE L. I AT I 46 RE IR i) e
He AR 17 HL A M s DR O e AR R AR A B
Iy P B B B A% B BE g SO T0R FHR B 58
2R (i 400 mW) . PR it 9 2 B 380 B9 BT i I
REFE. F I 25 B LI BT 55 22 48 v 18 500 i i =
A MAC BlpisC % = Oh R BT T 8520 B2 9 2% L
B3GR BIR PR AN 2% )2 A% )2 DR BT
X 28V REA T2 R L T EL L R R B IR T L B
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Background

Long-distance IEEE 802.11 wireless Mesh networks
(LDmesh) have been emerged in recent years for its high
bandwidth, low cost and large coverage. It can be applied in
rural regions or sparse-populated areas to provide high-band-
width Internet access. In LDmesh networks, links are point-
to-point and as long as tens to hundreds of kilometers. To
achieve the long range, the wireless nodes are usually
equipped with high-power (e. g. 400 mW) 802. 11 wireless
cards and high-gain (e. g. 32 dBi) directional antennas. The
links in one node cannot transmit or receive data simultane-
ously because of the inter-link interference. The traditional
CSMA/CA MAC protocol suffers poor performance in such a
network for its long propagation delay, ACK timeout and in-
ter-link interference. Therefore new TDMA-type MAC pro-
tocols have been proposed to solve the above issues, such as
2P MAC, WiLDNet and JazzyMac. The upper layer proto-
cols such as routing and network management thus face great
challenges and appeal new design paradigm. In this paper,

we introduce the fundamental concepts of LDmesh networks,

survey the research activities in recent years, and discuss in
depth the challenges in terms of link performance, MAC pro-
tocols, routing protocols and network management. The fu-
ture work is also discussed.

Supported by NSFC, and Ministry of Education of Chi-
na, Institute of Computer Network Tianjin University began
to research on LDmesh networks since 2007. We established
an LDmesh network test-bed composing of several long-dis-
tance (up to 20 km) links and carried out extensive experi-
ments to verify our algorithms and protocols. We investiga-
ted on the link performance, link rate adaptation and QoS
routing for LDmesh networks. We also tried to deploy
LDmesh network on large-area environment surveillance.
Based on our work on LDmesh networks in recent years,
we’d like to introduce the state-of-the-art of LDmesh net-
works and our work to domestic experts, scholars, and engi-
neers. We hope to shed some lights on the fundamental con-
cepts of LDmesh network and push the progress of its appli-

cation in China.



