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This integrated project has a 3-year execution time. The major goal is to design and implement of
a Multi-antenna Multi-mode Multi-channel Multi-rate Wireless Mesh Network, called as M4 Wireless
Mesh Network. In this innovated framework, the coverage of wireless networks can be extended to
enterprise, campus, or even metropolitan area with extremely low cost and high flexibility to provide
high capacity, high data-rate and high reliability transmission.

In the first year, we have designed two main channel assignment architectures and their
corresponding media access control protocols. By utilizing these mechanisms, the severe interference
in air and the consequent retransmissions can be greatly mitigated, which may further lead to a
significant improvement on the network throughput. Besides, we developed a fast handoff mechanism
for mobile nodes equipped with multiple network interface cards (NICs). A QoS-aware path
construction/reconstruction mechanism was also investigated. Finally, we proposed a cross-layer QoS
control scheme based on IEEE 802.11e so that applications using VoIP can be efficiently applied on

the M4 wireless mesh network.
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B: Broadcast Slot - use common channel to do broadcast

S: Sending Slot: time for sending data

R: REeceiving Slot : time for receiving data
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application—RAT(Robust Audio Tool)  #RAT® #74r » ¥ 1245 (78 1 (Fxb{fr @ R A+ S5

er5g B B (RSSI(Receiver Signal Strength Indicator)) % 2% # VoIP codecs= ;2 o 4@+ = > -

RSSLyin~RSSIax» 5 @ B R £ > F e EnB 34 18 TJL‘;"‘_,% - = L 325RSSIiE » % L 35RSSIE %
kB REA i*'-»::‘gﬁ * % AR Ilcodec o
RSSlmin RSSInmx

| | | | |
LPC GSM G726-32
5.6kbps 13.2kbps 32kbps
B+ - ¢ EHHcodectn &
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or SIP
| or:  Address Re-INVITE
Configuration
802.1 Movement e MIP :
AP probe | Authentication | Association authenti cgti on detection dlsc%evréry registration
Layer-2 handoff ‘ Layer-3 hando:ff ,
E: 100 ~ 400ms ;: 1~5s o Application - >
| ! . Layer handoff

BBl = ~ Handoff Delays
i e ¥ 0 A L = # ¢ (1)Layer-2 handoff delay ~ (2)Layer-3 handoff delay *

(3)Application Layer handoff delay - # # Layer-2 handoff delay £ 4p % — B {7 &= 1 #8550 - B AP
TSR YT - BAPREFEF o Ta i X gk B Te § 7 AP probe
authentication ~ association % 802.1x authentication % » 7 i&¥% > ez & % % F & 100ms I 400ms °
@ Layer-3 handoff delay £ 4p % (78 L £ AT & F - BAPI - ¥ iv § § & i& {7 Layer-3
configuration #7 1% = ¢12f & > 12 Mobile IP 3 ] iz 4 # i ¢ 7 Movement detection - Address
configuration/Agent discovery * Mobile IP registration % > i&3R i #7 7 haf 42 %) 5 11 54) o B {8
- 3% > B ¥_Application Layer handoffdelay » A Bl = % » AP E 8 7 USIP: b2 % » @ &
Wiz ehut LR € F] 5 7 F chApplication® & &7 — o

B0 LR Arid 2 S B 4 (78 A handofferii by o AT A 3T
rfE - b AR B4R ¢ (1)AP pre-discovery ~ (2)direct association ~ (3)pre-authentication ~ (4)Layer-2
trigger ~ (5)Address pre-acquisition % (6)pre-handoff/bicasting% - H # AP pre-discovery ~ direct
association # pre-authentication ™ 1 45 &Layer-2 handoff delay - f|* Layer-2 trigger# Address
pre-acquisition f it : 47 ®Layer-3 handoff delay > 1@ #1295 7 F capplication @ * pre-handoff ¢
bicasting (SIP re-invite)#% ] » » ¥ 12 % g %g-®application layer handoff delay -
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AP A fR A R LR T LA ¢ 3 A LR BTG TRIE L fEE
& A A (8 0 AP T U E PR LA SR s R R
> B S e i s

L RE5

)

Bd BEEZ 2 PB4

PR EFEERBETOREIRE > TR - EAPRELRDE BB BT
E 2] FlS RAUERLEENE A FBERE ST EREG S BTz
LR R VP L EE T S AR R R b

- EE RIS RS R R AN REEAS - B RIS EF AN TIEZ A
B SN I N AMAZ R R RRDOFERTRAPT LG F AW g
PEAPT G EEWIERERFTNIRZI LAY > PRI BEEDY DR TR A
EREEENA

Bt EY o B BEEE S F - Bchannel 4P w Ak i o R G 4 A W
transmitting (T) ~ receiving (R) ~ interfered (I) % free (F)° § — # & Bkchannel 1 % transmitting state
(receiving state)PF » N £ 3% & 2L f (¢ * channel 1i&% ¥ (#%) packet » @ interfered statef| %
T AL FIN  F kB & B g i¥packetd p o A Hreceivingw g0 @ F T A B & nlfon2
7 free channel 15% > Rnl# 12 # * channel 14 i%packet¥n2 (e £ F = = P72 {7) > & ¥ &
gBE T EeHLF S g o 5 - Bfree channelenie & £.4 — B37 2 (al, a2, a3)* k& 7 >
a3-g_§ = link#free channel > a2 ¥_# & — B linkefree channel » m al® & & §_% & = B dfree
channel - @ if # channelsh> 2 . d Bod B ende {8 — BlinkF 4> o drBl-t 2 > d tnd I nSE
y—@ﬂbmlmﬂu@?’ﬂwﬁﬁﬁﬁﬁﬁﬁgogﬁﬁé%ﬁgﬁ’%ﬁm;mgﬁ
* channel 2 (] 7 a3%2)> m Flial&¥47a2% 1> Pl Fn32ndizBlink® i E2HQ, 4, Diz B

g e (TR e e % o g PRz i path b 7fe B efchannel -7 € &2 B U link s 4 pidE o

B+ = ~ Channel allocation#.% %
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5 7 3 ° pe ¥ channel 7|40 g Boac (B B L 5 sl ® > A4 T - BRAERE
d

L2 rfe B cchannel € ¢ 7 ok @ U5 i@ * chchanneld 4e i€ * o o B %

Channel 1 >

Channel 2 >

Channel 3 >
Channel 4 >~
nl n2 n3 n4 n5
{2, 4} {1,2,3} {1,2,4} {1,2}
(-2,-1,2) -1,2,1) 2,1,4) (1,4,2)
(-2,-1,4) (-1,2,3) 2,3, 1) 3,1,2)
-1,4,1) (2,3,4) 3,4, 1)
(-1,4,2) 4,1,2) (3,4,2)
(-1,4,3) 4,2,1) (3,1,2)
4,3,1) 3,2,1)
4,3,2)
AT LR o [ JF

B+ I ~ 7 1% §144F F crchannel allocation s %

rE w2 Y o K3V FE - BEBETXEL4BNIC, A FEF
non-overlapping channeld% % » 7% & INIC» PR ¥ & F > A md B F I AMAg Mg R ppeT
% X A% ﬁ‘(ﬂ MEERA R HAERER A AR E A g S A7 B A
e FhF - BFSef s ER R s F e o APE- W i&—f;‘}ﬁ%f@?ﬁa&*f =~ &+
timeslot » @]+~ #_#3 Btimeslot & &|hi|+ » & ¥ & — i & 8+ 5 21 Network Interface Card
(NIC) (» ¥ ™AL 523 % & 4 b i¢ * 7 J eiichannel) o £ * ¥ T %2 3 ' common NICZ%
serving NIC - Common NIC& 45 i& BNICLE ¢ * — i #75 & B30 b chchannel » B 3 & 2R
T3 P& BEY LT T % $control message® o @ serving NIC £ 7 iz BNICAE_# * w0 if c7> 2
@ Aty Ltk — B channel | § @ packet -

B+ = S ¢ Z & #77_% free channel - & §_3% ¥ #inl I n2timeslot 1 ¥ #channel

F_*

1 ¥ free channel » & % &3 ftimeslot1® > nl % n2enix @ - B channel‘%’fi 7 i F transmitting state
% receiving state * @ ¥ nléchannel 1-E interfered/free state ~ n2<channel 18 free state 2 nl &3t
%,{gja Rl P 773 nodesfichannel 1 & transmitting/interfered/free state > & & 3 4v 7 4p Bilink &7 o
timeslot® i * 4p fr channel s ¥ &c % o 2V i * [; % % 57 timeslot jefichannel T 72 Bl = 5 &1 > nl
I n2¢Hfree channel 7 15, 35, 4,4 3 B free channel © 3% ¥ & * wvit e 2 > BIF U3 RES €
% 4 gt 42 erchannel allocation °

1O A
channel*> 3% p# e & i £ > common NIC¥? serving NIC €I E > R dml g b0 BRK

ET

Fl i iz B2 ¢ A dpacket @ ﬁg?] *7 2| = 7 e timeslot% channel X &% »
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i timeslot 1 /¥ » serving NICH_%% %_frchannel 11 &>t & i% packetyk f& > % # & *» 3% F|timeslot 2
P > common NIC § #t4p % i¢ * channel 1% i i% packet¥n2 - @ serving NICR] {i& » timeslot 2
P % = common NIC > f 72 » i& » timeslot 3% » common NIC* ¢ *7 3% I channel 4 § # 4%

packet » & %k giserving NICR|* % = common NIC -

Channel 1

Y

Channel 2

Timeslot 1
Channel 3

Channel 4

Channel 1

Y

Channel 2

Y

Timeslot 2
Channel 3

Channel 4

Channel 1

Y

Channel 2

Timeslot 3
Channel 3

Channel 4

nl n2 n3 {11,21,31,41, nd4 {121,314, n5
{12; 32; 42} {115 217 31: 41} 137 33, 43} 12, 22, 13, 23,

(-2,-1,1y) 1 1 1)) (1o, 1y, 13) 33, 43}

(-2,-1,3,) (-1, 15, 2y) (15, 14, 33) (14, 15, 1)

(-2,-1,4,) (14, 13, 25)
(-1, 45, 4)) (42,41, 43)

B~ = ~ 4o~ pFRF 7 248 4 shchannel allocation ™ 2
MmiETE € FL 2 B SETA EE 2 72 B % (1)non-overlapping channel sh#c & ~ (2)*7
2| ctimeslot 5 #cZ (3)% — B & 8.+ % #£A4NICHBH > @ © AisB S 29 > & — B & BLNIC
B#cT 2 ZAF > N &3 C2BNICT I 53 - B (¥ 5 common NICZ% - i i® & serving NIC »
H 4vserving NICV 1 3 e e { £ 5 58 o

AR R - EORFERY 0 HHAREREROPH R REFEEWY R
R AR A L RRARRPERAT REER S B AKGHYT LT Al 5 £
WA R LR R R AL > a3 S MU B (Ad hoc network) i i B e 0 S
i $& i 7 Grid-based ™ 2 Hybrid® &3 s 4 ﬁ ﬁé Grid-based 2t ﬁ_ B g R & % 3 (space
reuse) e o i * N R4 BRG] 2 BE R 0 @ Hybrid 7 H R 58 3 "E 147410 = & (control
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overhead) e P (e i i 7 e eBEEL o G NGB FIEE S TR e F LR {5 s
Bodiiie- HEit

1% (retransmissions) - £ 3% 485 & (link-layer) s i ﬁ?] IEAR AR E S SU
Wi dp R H 4k 573 P15 2 (Media access control, MAC) » Grid-based MAC 1 & & 6771
A gherghe Vg e pERY > @ Hybrid MACR] M & 5533 ENAV ] PR 5 PR k@ &
FEE‘*F"*W@%J PR B T REOT A B nd A RERE R R cvar o g th o AV H R AR R R
{765 F IL  RAR ST e~ 13 VOIPE RALE (FiR » 0§ o BEFEILS 6 AP HA
R RO YEARR YR BT REP AT AT AR P i A R Rt B e F S
R R AERE AR R R 0 A RT I ARRAE Y b r B R R
FRB RS A ARBETRES 5 0 A PR L BTER BTS2
Flo BERIBETRFAENEY > » AFF N TR I AT FEEINI - 508> AP
VoIP: & * » ¥1EEE 802.11et: 4% 1) 7 5k =< rﬂr‘%%’r #4741 7 H(cross-layer QoS control
scheme) » & {FVoIPF »d i * >t & & % e

I S S S e r e ST R B XY R SR O T S ﬁéshééw AL
2 o 3 v 4o ¥ER: +4 T (Routing Protocol) » * ke R FRAS ST eh oM Rl A 3R s ihg

=3

EMERS T g0 gt n - BRI RRF R - By Y £ X M(multi-antenna)
5 €43 (multi-channel)sndERe 12 T 0> ¥ ¥ R ER L T2 5 £ 18 %Jxﬁ; < (multi-rate) #8%
Foogh bt SR - m SR R TR FR R AT o B A PR ehp PR E T
- B & A R aPrototype o Pt RER - BTy A k> AP e BV L manE e L4
REAEY B R T EREORD B RRFER TR (DieP TR BL O
fAARE T & REE S (4o &g R BT - B R g A o
ﬁiw#’ﬂ%&%—ﬁﬁg@;ﬁ@’$:EE$EE¢P;A{$%%w§i£¢
RS S TR - i IR—L_M;B:I_%QP;—;P‘ PRI R o P AR EE
FLE AR 5 R RSl LTA et RARLIIR 4 B G AR R R RADM PR T 4726
BT H= AR € RBMEIIE 2 EHY o R AL 2 W3 JI0 T G E

TOHNRBENAEY TEREA ARG FARESRINAE L2 BRBEFAE S E o
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