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Abstract: After surveying the research of MIMO (multiple-input multiple-output) multi-hop wireless networks,
this paper analyzes the MIMO mechanisms for multi-hop wireless networks and discusses the effect of MIMO upon
separate network layer and the whole design of multi-hop wireless networks. Focusing on cross-layer design, it
expounds the fundamental mechanism of existing representative protocols and algorithms for MIMO-based
multi-hop wireless networks, and compares and analyzes their characteristics, performance as well as deficiencies.
Finally, by pointing out current research development, it summarizes the restrictions to the practical‘applications of
MIMO-based multi-hop wireless networks, and proposes the importance of designing an_adaptive and high
performance cross-layer model which based on MIMO technology for multi-hop wirelgss:networks.

Key words: muti-hop wireless networks; MIMO (multiple-input multiple-output);“cross-layer protocol design;

practicality

# OE: %27 %3ALN% MIMO(multiple-input multiple-output) 3 K 49 #F 5 3B, 47 T MIMO # AR 849 5] Ast
% PR KA 448 B BARIGT R A3 B BGRIT A 8, MmN T ST A AT MIMO 49 % B L& M &
Wi ik 0947 SAUH] FRICER AT T 3K sk ik 0945 S An M fE 2 7 5 AR B8 18 RS 42 A AAUR A B R R ILIK 45
& T AT MIMO # 2 9k 25 7 4558 %) 52 B A2 52 A BRSPSk A AR 0 R AR 19 20,38 s T A F MIMO 3 Ri%t f iE
FRE. B S PR K R LIS BEART R A0 B

KEIR: S BALKNL MIMO; % &Gkt 52 AL

PEESES: TP393 SCHERARIRED: A

% Bk 6 £ W 4% (multi-hop wireless networks), Ui1: JG 2k /IR /9 (wireless mesh networks). JG 2k H 20 23 W %
(wireless ad hoc networks)Fll G £k 14 1 4% % 4% (wireless sensor networks)%s, & — MRl T £ 24 RF 2 ATk 1) v 1 4
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ST 2 AL 4%« v I T A ML 4G | A I S A A5 1) N P A T SR ) v A B L ST L R v A
v i SR BB A A3 LA (1 22 6 T 4 X % 1A e o 1 25 T S, I 9% 2 ) I g 5 TS R 2 B TS 4 X 45 1R
FEG MBS B B A, I BT 35 R s R0 7 170, 3t 45 BB B K oA SR B 5 T4 5k T 38 ML R Bk k.

F2 55 1) % B TG 26 0 2% K 22 SR FH B R 2R 100 AT B s ik, 2 BB 1) SISO(single-input single-output) £ 85 X Ff
FGEANRE 7] IS AT B e, A 0 1 58 Shannon 7524 2 At R4 T8 I 25 G 28 38 47 R i T R R AE 2
Bk JE 2 99 2% ) P2 R R R R R CL48 R 1T BE.MIMO B AR5 /2 — R A6 58 Shannon @%BE%‘JQ’\J’@&&?E&”*B].
RN 2 3 11 245 18 7] 30T 20 50 6 R £ M3 v 22 B T 2 190 4% 2R 4 % 2 O AT g o BLE e 7
A B i A 0T 2 4 R R 08 [ i, MIMO i‘;‘é?liﬁ%&%‘ﬂﬁé;% P8 B 7 T S R4
YETE R AR B AT 3 R JE TG ST BR AR MAC JR . 4 BRI RS IR TN BE T DA I 2 P i, D
R HALE I QoS(quality of service). K, MIMO HiA 4R % Bh L2 28 R G PERE MBI AR —.

ASCAPHTRLE 45 T 3T AR HE T MIMO 112 Bk TGk I 46 T A 1) BT 00 o S 585 1 AT 2 B T g 2 o
) MIMO FiAR .58 2 TN isHE —Ledi B IE T MIMO 1 22 BTG L M 2% Bl 5 4309058 3 1520 B MIMO iR xt %
BeIogm et fh il MAC JR RIBI 22 (08058 4 151138 MIMO HA 22 B J0 2 ) 4 Sk B ) S mia A e
SRRk 5 5 1R IR 9 R EMSC S VR BEAT LU S 20 W 58 6 TR A SCHEAT R A IR AR SR IR S T 1) A A
ey, Sy

1 ZHFTLELME MIMO B ARRET

MIMO AR5 KIS FI FH 22 MR 8 56 R 2k 0 22 M3 B R 4R HEAT TE S AL i B B A i I 4 T £ 2 e R 4 AR 40
S (10 R R SR B T AR A B I R G ) B B A LT A M A AR G A = AR R R R T — G
A RG0SR B AR 3 AR A R it R R (45 5 AT & 9, DA SSCHEAE A MIMO FH 0 308 45 5 e i
BT )4 v A i T S R I A TR H . 2 B OE 2 4% K MIMO AR R MIMO T R R
SRATFICER AR T (1 7% 0] 43 £R 1 2 AN SE I E 215 T (W 2 =4 25, LUAR i 2 BG4 M 48 4 2 M B RA B B IEAR.
4 2 I TE 25 9 44 SR MIMIO R i, 190 46 5 1 LA AR B0 R LA ) 2 34 2 /i ol A I e 2 £ 3 1
BB 1 XS R 4% 22 5 T )P BE A B AT 62 S i TR I, e v A 3 A R R N 1) i B R T LA % T 7
ﬁj\ﬂ)ﬂ%ﬁ%%ﬁﬁﬁ?%ﬂ@ﬁtE%ﬁiﬁﬁ?ﬁﬂ’ﬂ%EWWL)‘(B"J&%%%&%E%\‘ e Bl e 1 PO B 5 i 1419 i
B T 2 AR TR = b SN K R 58 2 10, \ ‘

MIMO $ AR 2 Bk G2 9 45 1 & Gk Be B A7 38 5, R 2R ILAE LR LAy T

(1) MIMO At 22 Bk I 4 19 44 5 ik B g 20-12:10

MIMO A 2 Bk JC 28 I 4525 & (1) 5500 - AR ILAE 3 AN 28— MIMO HiAR B 78 IEAS 518 LAl H £
RUHL, L1 A1 HE 0 TR 5 AR AT AT AT 4 S gk 2 0 1) B 090 2
) 52 ) i 0586 5, 20 R A SEBLIFAT I8 £ () 5 16T, B0 AU ) {5 b SR80 A £ 39 2 00, AT A 238 I £ e
FEHIHEZE MIMO Hi RAEIX 3 J5 T4 AT 45 T 22 B 6 2 9 4% £ 7 it

(2) MIMO B AT B b E e 1 72

WIEAEH MIMO B A (38t ARG FH 43 25 AR) T B K 1 38 n 39 58 (4045 -5 A% 4y 1, o 9 KA 5% v
S A LI 5 e A 25 B 2 ek (R S AR I TR R A B T R P BRI AR AR ] MIMO R AR
Ve P BE AN AN AT B A R BT AR g i B AL, LA R 4 5 Bk BE 1A IR e, T BT T 10 O 3@ 1 4 el
H 40 LG Y. MIMO 3R (45 5, 40 IR Z 4 390 28 4% 4y it 7] (weighted cumulative expected transmission time, fiij Fx
WCETT)M 4525 fi i — 45U sk b 73 3R 43 1R 2 43 (1 16 T/ 5 52 1K

(3) MIMO H AR 2 B T £ X 2% 1 4 45 #4015 30 7 1) 2 i 28

P 25 P AN R U X R 2R T 3 R AR I A R AT AR, T MIMO . Rk 2 Bk 0 4 M 44
BT 2R LR, e AT LULEAS [R5 38 [F) I 454 R, 20 T 22 AN R 28 00T 19 45 18 v DASR L B8 I =F & 1 % 88, R 4
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I T A% 3% 2 T LA B AT (1 46 4 AR A4, I B i ) 4 1) T8 1 MIMO. AR 8453 22 B T 2 9 4% (1) 9 b &5 F4
T T r) AR AT N S 2% HE T HR AR, S e R AL e R v e 22 AN TE T SR IR T, O Y R RO, TR
TR M R B AL AL, B84 X R A o) AR AT R i vk

(4) MIMO 37 AR hof 2 kT 4k I 2% iz s 1 £ 3 o 1

BT IRE A58 BA 2RI R 5 TE R s MR AL G810 SISO 2 B4 M 45 JE AN BRAR I s g ity — 2
TR 45 Ik SR P T SR SR 5% W AR 45 AR 1T, FU R MIMO. R 46 W o3 £R B 22 15 TE e 18, P90 4 74 0 mT LA
S A 3 BN AL AR AR AL — AN B HEAT A T F A IR L T SE ) tl:%%ﬂéiﬁﬁlﬁvﬂﬁ‘é.ﬁt,ﬂ)ﬁ MIMO iR,
MR SEBR L 55 75 3K, BT 5 )2 W AT BOR H MIMO R4 38 2 1045 5 3 28 25048 v 2 s 24800 BA B i 22 ik
TG P 45 (¥ SIS 996 42 SRR 2 QoS IS Ik 45 75 3K . -

(5) MIMO 3 ARt 2 Bk TG 2k I 2% fi f5k 200 14 g 1) L )

TS 2 Bk 2 h A7 R AR ey & — DRI 8L IR E 2 BTt Ad Hoc 1945 FRAGAL 4 D FE ) LA
KT A5 B0 5 i, 2 6 A 0 [ e AR I, R e o R 5 SO R Y A ) B
3K R AR Hh 4k 23 RE B 22 1 ik . A1 0, AN B TR S 9/ A% i T AR 1 4 R R I R T RE R LU R e
A MIMO BB LA A BRI 53 B BOR, Oy 2 B Je 8 M s i fit 17— Py HOR B AT g 1 1) 3
12 FH MIMO AR Sl K 8 AR IR bR 5 MAC 28l 00 45 2 (K ¥ I 25 FE B85 )2 Uil v] LA ROt i
2 B Gk I 45 Tl

(6) MIMO oAt £ Bk 4 [ 24 QoS (1 5 g2

WA 22 6 T 4 0 235 b 55 Y L PR 47 K R 2 F b 25 SR Y 2% BT AT ) QoS S HF AHXS T SISO & 48, H
H MIMO iR MIMO R GRS RIEELFK QoS KR (HJE, MIMO HORTEA IR, QoS AH K (M AL
MAC 2B & 2, a1 SR MAC J2 AN G676 280 - 8 3125 PR 8 0, I8 30 A R e 7 0 4% A 4 3 R 2 1) QoS S . TRT Uik,
T EL 2% 1B EARAL R 8L SCER[20] 20 AT T 4] 76 MIMO 2R St Hpol I Y- 167 43 4 38 28 R 245 (8] 52 488 28 76 A BRAG B4l
T IR A A 8 o B I B 1) 5 VR AR H — A TE e 5 W LU BR B T I R MIMO W 48 [ i N\ T8 28 FERE I 2
Vi) 52 it 5z K e /) 3 B 38 i DA B A3t DA A 0 S 2 6 24 11 SR s, N T 7 5 Bt ) e Py TSR AF el s L ). Qo S.al it
NS2 4/ B0 B030F 1% J7 5 B %k SCIR[20] 5T 5% FH 16 05 05 B2 0 B2 55 i i U2 2 1) 195 J2 fRA L S 3 T LA |
ST AE MIMO BRI M4 b i MY ER 2 RS MAC J2 KT i 2 Gk AT 5 JE il e vt 2 g ot
QoS {1 ik 1. .y |

W5 R P20 G M AR R MIMO R 48 ANk 5 L 2% A B RERE 52 55 M {5, MIMO R &0
1T ) 4% 75 0 1 S AR B e T A0 B L B T R IR % 22 1 B PR AL 1, R 1 %5 T2 O A AN N A R 1, i L 0 B2
TR ZHEET MIMO 1) 22 Bk TG 26 9 25 IR 90 1 2 2k T 2 Bp v ok ARG R GEHEAT Bt S04k, LAd =
HAHARPERE. R 1 702 TR BB T0 4 .48, fL 4 TR 2k Mesh B 4% (WMNs). T2k Ad Hoc 9 45 TG 26 A4 i 45
2% (WSNs) 1) 485 Ay S8 () 6 T MIMO AR I Hp s 5 S0

‘_I'able 1 ‘Protocols and algorithms for MIMO-based multi-hop wireless networks

' 1 LT MIMO 1192 Bk Jo S 1 2 Pl b5 5010
MAC layer protocols Routing protocols Cross-Layer protocols and algorithms
DCA (2000)
MCSMA (2001)
ICSMA (2003)
SCMA NUL _HOC MUP PCAM :
(2004) (2004) (2004) (2004) MR-L(Q)SR (2004) Raniwala, et al. (2004)
MIMA-MAC |SFACE-MAC | BSCA [PDCA [2P-TDMA |CLICA LIBF A (2005) Alicherry, <yasanur, Zhang,
(2005) (2005) (2005) | (2005)| (2005) | (2005) e al. (2005) | e al. (2005) et al. '2005)
DSMA (2006) | HMCP (2016) Chen, et al '2006) Lin, et el (2006)
Rasool, CRPBA CMS | Chen, et al.
HMCMP (2007) eal 2007 | 007y | (2007) | ~ (2007)
Liu Hou (CAEA, Casari,
y ; TSLS etal.
e al. (2008) | e al. (2008) (2008; s
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2 HAMET MIMO BIZ & MEHLEE X

EI A% T 2 k0 28 I 4%, 5 T S 0T0RA A 30 PR Y 9 e 25 A e R 25 T BT 22 5 38 PR W AR A Bl J L AF A
TRZWMIERANTE T ZIZFTEN MIMO 2 BTG 2k W 25 I 90 SR I A 2, J0 302 s -G IR s R T s
JEILIE T MIMO BiA [ 75 ST MIMO 52 AT W9 25 484 1 11 (K1 5% 0 v K LA 955 1 MIMO 19 22 Bk C 2k
LR SR T I 4y k(67 1624290,

(1) Berh U 5 0 A AR IR — RN H b 50 (AN ) i R AT 1) 43 28 5 i AR A rp U o 4 i
A, AN AT L PR AR I D vk o AT AR TR s TR b AT R S 1, R P 1 2 2 A 1 U vk

(2) 1ELS: Y B2 5 AR 575 (online algorithm) I /S 75 22 56 A7 11 100 2 i A L1 45 55 Ji (offered  load) f
Js NPy = B é%?ﬁi‘l*ﬂﬁﬁﬁ)\ik%?&f&éD‘JE&%E;&Z,EUﬁ%‘}éﬁﬁ&(ofﬂin‘e algorithm). 7 H 51 (118F 78 R o 2
g XA EZ. \ \ .

(3) HIFF MIMO 5 FF 38 MIMO. AR 48 & 1% 25 2 15 4 FH {5 18 IR & 17 /& (channel state information, i & CSI) A LA
# MIMO R %45 A FFH MIMO(open-loop MIMO, fiji# OL-MIMO) 1[4 ¥f MIMO(closed-loop MIMO, fij Fx
CL-MIMO:), B4 S & 3% 2845 FH CSIL U MIMO % 55 4 3R MIMO; it S 2 3% 28 A FH CS1LUZ MIMO R4824
FH MIMO. g8

(4) AR 199288 1 pladett PR (10 155 105 K B B0 BB, TR G o O A R 2R 5 A M B VB S5 4 1R R OT
(R DM g BA % I T3 TR0 T4 VB4 AE R T % O W80 5 B0 5 010405 306 0045 B 1 O 2% A A 2 1
AP — AN ] 52 10 % S 18, 0 75 304715 18 D) e S5 481 )G 3 108 D 80 T8 8 B S 4= % 15 18 08, 7
BT TG ) B, B S R B 0w TPk

43 25(4) 4 MIMO R ZCH A [ 1) 8, th 2 TT K & Fh 3T MIMO B2 B IE 4 48 Ui A A i R i 2 — 3 T
3 2 P IR T R 0 BT T R I DR 3 A AR K DX ) R b, AR SRR A 43 S (4) VE AN A 28— S ML AL () B B O
ot 5 Pl E S A R B AT IR N A HT
21 EFEEHSZEOMESHHSERE

(1) DSMA(distributed scheduling for mimo ad hoc networks)??*!

T (R B LSS A5 A\ bR viE, a1 IEEE802.11 DCF MAC, J2& — 58 4= it Ak U o =X, 3L ik [26]4t o 3 T
MIMO 1) Ad Hoc M £ 4 H T — 081 (1 0 A U AN 7 DSMA,%E@Z%MBE%%ZM B, AT ) 82
IR SRS 1) 58 4% 0 A Ak BIAE LR B 47 30 B0 R 4T s 15 A 2 SR I BN A T8 TiT) ST R R 6 A e S A
S e 43I R 7 AT AT RUAS 2 R SR 1 3% R B T 2 A I 45 (¥ 4 202 5 )22 Oy X B 1 2 5 0
T N2 (MAC J2) 38 e & R 8, DR mfi gl 72 /O M . DSMA 936 AS HH R ol 2 St e R — i o )
PR Fas ) H A Y s, DARAIE 00 557 Kb i 1 M 0T v A R — AN BT s AT R E IR S 4 DSMA H 32
TR A T ACKS B 15 T TR BRI R AR R ACK 2 BT, BABEE Precerve T4 I AT 45 BA %1l (backlog queue),
BRI AR N H 1 TR LS GRORTRTE ), JEZE ACK A/ 77 reservation) Bl 3 1 55 H 1

A

Fz ik Horh ACKS A A AR B7 2 36 1 A B 45 R 4 45 (idle node). Jf: HL, 1T 1 i (reserving node) 7 A o A& 320 75 (H
U)o ORI T AE T — R A IS E 2 A A R T R DU Py PR AE R iR AR N RO T S A T AU
BAE I B R 3L X B IS AT S A4 B 5 45 (reserved  node) 31 AN 23 AT AR B 45 Bl 7 . BRI i, 4% PR A AR
R T ACKs 145 B .DSMA (48 s /e 1B A6 4 B2 {8 T 43 J2 00 2 ) 2 1 7 A 9 4 K (layered
space-time multi-user detector, {&Fx LAST-MUD)fli 5. & 16 R &% F B2 R 2k 2 1] (1) 45 18 3 2, 18 A T MIMO (1)
SM(spatial multiplexing, =[] 4342 ) 4 22k, LA 43 A 207 248 31 0% 5 FIHEC s, AT 3 i 56 T MIMO 11 Ad Hoce
25 P RE, IE LG TR 50 NAT (] 397 160 T84, B8] 0 AR R 126 (1 4 1 i S v 1 O B4 U8 N 48 0 30 5 8 200 e 5 s
Podge L0 B 45 S 7R DSMA TE B I S 0 I D0 T BB 3RAT B8 o 1) 8 ik f2 R ] S SR B K B 0 1 1k e AL
42, DSMA 1)1 B8 Preserve F1 Py I IEREFT R KOG R, A8 F2 00 52 1 Bl M LA 5
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(2) NULLHOC® 51 SPACE-MAC!!
o SCER[27]H T —Fh T MIMO 1) NULLHOC i}
\ U0, S A R B A2 PN AL T R A A 3%y R B
DL J% 78 4 1 40 J 10 425 30 2 3, LA UG 3R B T o R i
RI2 U ST 5% o e 2 0 2 4 0 4 A
SN I T 4 B R BRSO £ B 4, (8
SR A WL 2 5. SCHR[28] WX Ad Hoe 19
BRI T — R T 2 A R 1 584 MBS 2 MAC
7 i :SPACE-MAC ‘w WE AR it Ak S
NULLHOC Bl Aol A< {5l 7 13 43 25, 11 HLik 31 7
HEASL 9 i SPAGE-MAC WU it 7745 1kt 2 [ 3 $e
[R5 WS S LA B 1k 9 A 1 T S % T 5 1R i nh

5% .SPACE-MAC B 3UR Y 32 i R 22 Wi s F) A TEAR 2545

2 - SN (CSI) Iy REA Fedha o0 40 1 R e AU, T SE B T 58 42

Fig.1 Topology Where/SPACE-MAC enables 373 A1 5 50 SPACE-MAC B S AP HE 2 (51
\ spatial reuse RIS J2 D e v BORAE L REAS A 22 42 B PR BT v S B+

1 SPACE-MAC figHEAT 1 %% 1) 52 FIT 41 4 &5 g 52 I, 55 T REHE AR fERE MAC HhisUCR
[],SPACE-MAC 1 80# REM T A A AT, IF Wik R
LU PN, S B TS S 0 IX 43, X 1T, SPACE-MAC P iS AN EE sk — AN HIME 1 F T ac e CSI vy BASK
B ) 42 R, 9 FLAIAT 5 v AR A 8 R 2% 55 A5 2 1) 802.11 DCF MAC Al EL, SPCE-MAC (1) 82344 T, fu i
(7] — el SR 11 22 A B U [R) s AL i, an 18] 1 R R B — ph S N SPACE-MAC AR 9 il A IR EH 73 4l 45
9 C BRI, A B AR IS A3 414571 5 D, DRI B v T 48 I A A B H 2 SPACE-MAC FHFZE 5 A BT IR
A7 T 43 1 T4 LA 58 BUAR S AR TH R AR T, 3 — 5 p A A3 WM SOTE V7 SRR R B 38 280 390 1) 7 v it
(3) SCMA(stream-controlled medium access)? \
SCHR[24] 425 F MIMO 5 Ad Hoc 19 % $2 T — i 43 A1 QO P2 S50 B2 A\ 12 8L SCMAL. 2% SCilik £ Y OL-MIMO
77 AT #2561 43 4L (R A8 e AR AE - CL-MIMO ﬁiﬁ%iﬁﬁﬁﬁéﬂ.uﬁtﬁﬂgﬁﬁ,ﬁiﬁﬂiﬁﬁ'ﬁﬁﬁT*W%*ﬁ
(K] SCMA 3K, Dy 43 Al SN VE S IR A, 2% 4 v SUSR AT U LA G U PR ORSIURE % (10 O 20 (B ) LU B
gt 7 IO SO AR I LAt 45y = S0 B (aoh 1 EadE %) 2 A 201 SCMA Bk RS 3t SCMA
SEVE B AL, e AR T ) 8% 1R A A5 JEL T JIG A R RIS 1) W R AL ). 5 B vh X SCMA B A LG, 23 A7 20 SCMA
PEACT R JUAS 7T ) B R AR e e AE T 2 v 58 R 3 it Aoy A X K el A &5ii) T e
0 Bt 5 0 B TR0 B N LA [, 1 o0 B O 17 25 508 10 35 24 1) 8 2 DU O — 2 1) 28 P ki) ox
Tl 5 AT 1 CORE R 7 ioh S ), L4 A 2 20 11 0 B 0 A TR I 4 P 3L S R R SR
SCMA 5 CSMA/CA Hl H A7 T I [0 M i L JLAEL SIS b 3 5 5 N o SR A e WL, A 2 5 3.
(4) MIMA-MAC?9
HAR 802.11 MAC B IS ¥ v T ok Ak B 16 ik 28 Sy i e, (L 5 9507 AR 5 56 Ml Ak o XA [1) 7, [ 1,802,110 MAC
BRI T 199 28 0 5 R FH 00 T AL TR fAE R D ot 4 i e AE, - 8 o 0 2% ) FH %, SCHR[2914 MIMO 49 B2 2 ) 52
FH(SM)BIARE MAC thill &4 32 H T —F#i 1 MAC #% MIMA-MAC(mitigating interference using multiple
antennas-medium access control).i% P 3R ) B 2 1 22 R LR K 5 AR 1 s T30, T BELE [R] — i 535k
WREAT FEAT HUR AL 5. MIMA-MAC 1) 56 A AR B BRI 5 My ARG R R (M o B 30 A0 M (>M) A 21
RETE MIMA-MAC Fp 30 Ak 4548 H My/2 AN ik R 2 R 16 00 e i ot )4 43 M AN ICR 26 iR (R
TERE B 51K O BT SR [30] rh 4 HE 1) T B sl S0 B W 38 (B REIX 23 My(=My/ 2+ M/ 2) Al ST I B0 i ——
SR AT PSS 0 JE S AT HAR R B 2 FT7R, 2 MaM,=2 15, R 63, B A 00U — AN R T4k
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Pt AL DATAQ 1, WA 5 5 L AT P AS R EE F T Eodi . by 1799 o0 1 AT R T 3R S ot o B s £ 9
ANBIST () B AR AT R I 2 (1 8 2) BB AN R IE R 2 2 — B B di i DATA, 3 B B 175 i 3, JEA &+
AT o5 LR AREIR SR T A 2 B L TR R L A L AN S RO AL A R, AR B AL
I, AH AR 1R HCHR i DATAg,1 Al DATA,, 3 FI 7E M 2% TP o+ P47 & 3 #iik T M=M,=2 Iff MIMA-MAC P31 3
A2 L) N T ] LU H B O BT 1) 43 s 7 S /0N (9t A it £ 456 — /> b 5 1 1 (negootiation period) Fl— A~
5 J& W] (contention-free period). 75 Bl i J& 11, A5 & 126 B4R 110 K 306 48 A EL 40 P A 08 10 68 FHUASL, B9 5 B0 400 6. 963 s 4
e FH IS 10 1 SR ) 300, 0 A T A6 DAL 1 326 i 5 6 0t 2 R I el 2 A0 e 5 40 0 Q0 48 8 1 )7 91
(training-sequence) i i . — A 248 b BRI P A W 25 1 Bt (acknowledgement slots). T2, 2 Jok 384 0 00 |8 & 126 45 4
oA — D m M A »

chM chN chN  chN chN chm © chN chN

§ Fig.2 Basic idea of the MIMA-MAC protocols (M=M,=2)
K2 MIMA-MAC thiSUEA A (M=M,=2)

76 3C#k[24] , Sundaresan %8 AN &R A MIMO 852 vl 9% TS 1 TR T SCMA #3411, SCMA 1
PSODA ZFIE o A8 e — R P K 4R J 2 1] 4 il A L KR4 B MIMA-MAC WIAS 75 24 bt SCHR[29] 4F 3E 2%
It Rayleigh ¥ (518 LIS LHES T MIMA-MAC R4 %, JF5 802.11 th il i i e 45 w2 W 45 I & 1)
FERIEKE MIMA-MAC R4t 802.11 R I H T 4F B PERE, I AE T MIMA-MAC 30 7 32 3)) ik ([ i) 4%
) R, AT BE 0 T 9 2% (R R R B S B T 4% 1 A I B AH U, MIMA-MAC BIMSUEE 326 5 326 H5 8 X
T — B 0 R 2 BRI e 5RO A il — D4R \

}<—One cycle—»‘ % .

MIMA-MAC frame MIMA-MAC frame MIMA-MAC frame
Backoff T Backoftig' @ o B e
mini slots 1’ e minislos2 o TTmee
B

RTSL § ¥ crms1 RTS2 CTS2 | TR1 | TR2 DATA ACK1 | ACK2
e

Contention slot 1 Contention slot 2 Training- Data slot ACK slots

Sequence slots
“ “
= gl - - >
Negotiation period Contention-Free period

Fig.3 Frame structure of the MIMA-MAC protocol (M=M,=2)
K3 MIMA-MAC PM i 4514 (M=M,=2)
(5) ICSMA(interleaved carrier sense multiple access)®!
ICSMA S —FoBT KB T2k Ad Hoc 2% BETH 1 25 1 MAC B, 32 2] T ok 28 ks 28 3 i) i ICSMA
JE— NS I 1 R 48,55 CSMAICA ) RTS-CTS-DATA-ACK [ £ 48 43 4138 He L 2R AL AH 42 T 20 TR A 5 {5 1
FRAZ A AT 0 B SR R R B FE A 1 1 15 3% RTS(request to send) HL3zE IS0 B 7 1 323X M ok, Bl AE 53 2 &
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RI%M N CTS(clear to send). I 5 & 1% i 205 ) CTS i 43 4, Bk A6 7R 18 1 _E R I DATA Hdl 43 21 0k 4h,
L S H b A B B D AR T8 2 [BINY. ACK $dis 43218 T B 58, ICSMA th L& 4 T IEEE 802.11
DCF B 1 NAV (network allocation vector),3 & & E-NAV (extended net work allocation vector).E-NAV [f] & {1
55 P N % O g 3% BT SE List A0 REList. B AN 204 B A 75 — ANl 46 1 1) 0 — A 85 I [R). SE List $& 7 317 £
JE AT K 23 0K R 1 e — B %0 By 26 B R Y A REList W T35 2 Y 0 2 15 4 AR ok I — A 1 B A R
T3 R R R AR RTS B CTS 43 4L, P12 15 LU B A2 Wb 53000 3 ol 5 i ¢ o i) 00 K 8 v 1k i, 1%
PPCPE B ER T 1) F B PRI P A1) AR — N RFEAETE 1R RTS, Mi7EfR 18 2 WA i3 CTs, e fit it
6wy ) % B AS A, W R EEAT ) RTS 3 4 R4 — /N8 (0 <10, UM F (50 2 kA% ik RTS 3 4tin) Wi —/~5
AT — AMEE T 2 CTS 53 AL (H R 38 1), M 7E A7 18 2 180 W07 31 CTS, 8 8l M8 1K == Bl 3 8 L
Rt AN 5 R T AR 38 1 R — AN RTS-CTS St Wi, 28 AN 05 T A 8 06 4l 23241 T LA 422
fR T R AR AR T ICSMA P R BB T XUE T, w9 J 1t AN AR e T35 B R 4.
(6) MUP(multi-radio unification protocol)©? .

MUP & —4~7F WMN(wireless mesh networks)?

V-MAC

Link
layer

MUP table

S Application ST I B 2 B L o
o B 11K B U0 1A A0 LA S 530 MUP (90047 240

B0 B ST H RS2 e MR (1 D3 3 e 2Bl
JEPRSGTT A S 35t B Al MUP 1 i3 ] C AR AR T
G R AME RMUP T8I S S5 A IR ity S 0 v
JE SN B AU 11, 2 ) B 10 L Y R ] i
FEIE A7 TEREAT 1A X e 1 0 22 B . MUP [

FUAESE R 2, 194 4% J2 M B g = 10 AT A 58 el B 7 3L
{8 1] Z2 AN G B 11.MUP B S5 44 11 P& 4 T2 . MUP )2 i
B AT 55 o 247 5 5 FORT AR5 A 0 4 1 5 0K
PE LR A T 05 BE AN AR 3 £ bt Rl B % 5 4 (1)
B8 T 4 2 A WD & WA T MAC
BE,MUP {8 — ALK MAC $hik, 5 2 B T 2 /W B Ik, 7 86 R ok WIERJE U — A3 — P ik 1
A 3 A TEAL AL 45 A7 RN 326 F IR AN S8 AT AL 36 10 52 2808 R B MUP KRS58 BesMUP 4055 75 > 32 TR He 41
T U T 2 PR AR TR A 7 8 R I AR R R T PR e v B AR AR RUEAE I ik
PEEANE 8. MUP IR0 AU B 58 5 AN SCRE MUP (1 504 A4% 8715 00 2 0001 s W) AR & 2 illA 2 5
b B 22 AN SRR T I B 2R ek R B R T ARG FH R R S8 A B MUP A LG A5 T 2 ML AS A 1, S 20
ANt e e b A FH TP TE A 17 28 MUP 1 2006 75 2 SR SE R BA B, ANIE H T2 T+ 1EEE 802.11a/blg %
VEAT 19 MAC HL41 10 BTG 22 1 46 MUP JEAT 1 8 S5 52— AN R B 1 X 15 2% HE 40 R W A FLATT L 22— ik
ez 8
22 ETREHE TEOKMMLSER

(1) DCA(dynamic channel assignment)®3/F1 MCSMA (multi-channel carrier sense multiple access)

SCHR[3314E MANET R 3 5t JT & T — R T 75 3K (on-demand) i) 2 15 16 4) Fil 5.7 DCA. 7 DCA w1, i 7t
B3 S AN EETER n AR R 58 RO 15 2, s A5 38 ) T 8 o BB A 3 1 o S ) L, O A % 8 AL I
Holl A5 18, B 5 ) T AR A B 70 2N ACKSs. AR B RN UL T A2 XTI s, — M T HIME 18, 5
S AR TEARRMEE 2 B V)4 4 T AT (F B AL LR S H B T 5 BT IR a7 S %8
1 BE PN B 45 M, — M54 FH 1) % (channel usage list, féi#} CUL)FI— A~ JR {3 3 41 % (free channel list, {& #x
FCL), HI R ER R 1F A FH PR R 23 PR ) 0000 1 T 48715 et TR 428 S0 JEL 485 A 15 T A A IR, 79 s T i v R R 57
H O CULZEREAT B A A iR 5 R ik o Ak — Nl A7 S WA TE SR K RTS W RO £ 2] RTS 1

PHY NIC NIC
layer

Fig.4 MUP architecture diagram
Kl 4 MUP 4

[34]
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BE BB ILEEEZ A RZEE FCL FIMANME 1E o] AR 5, Beliim % — AN ER E A CTS WA,
T R BB 2> 4 2 B, R 25 3 3% L — A 2 # (reservation, i Bk RES) AL, 6 0 B9 175 18 25 %0 10 48
#.RTS,CTS Fl RES Vi J&h il b 2 A% 5 ka6, i K54 43 410 ACK 73 4t i B4 47 3 & 1% . DCA AR A5 T A3
25 T8 T LAYk /> HH A5 38 1) e 5, TR] A, 42 i 45 T8 RN £ T (0 23 B ek 39 T B £ o ) LAHE DCA BV fif
T L A HME 1, 5 306 8 ) 2K, R, JE0E 8 G BR ) R AF R RE 2 T Laf3Le, X L L Rt it
(CTS+RTS+RES) MK JiZ Ly F&7n Budla 20 4 A I 2 O H e A5 18 B BEdkAT 5 k4B T, A 5 A I 1
eI

SCHR[3415E Y T — Rl T~ 2 Bk Jo 2k M 25 (K1 2 £5 16 MAC 13 MCSMA MAC 13iX.MCSMA MAGC fd 2T
P2 P 475 18 B (receiver-based channel selection, i RBCS)HL?E'J.Jiﬁiﬁi‘ﬁi%ﬂﬁ% DCAHHAL AL X b S 4
i) J7 S oh al S SERE 00 ART R A nk L AN U A n A HURATEANL S IE A5 R R S R G
YT R R T DG AT B 3 2 A 06 (1T 55 308 PR O 3 1 5O A5 T AR 2 36 T 0 s IR I BT AT A
PIECHE 2 21, e s T T 1 n /l\%(ﬁf%iiﬁ,?%éﬂﬁﬁﬁﬁﬁH‘ngﬁfﬁ‘%ﬁfgﬁ'\%(total received signal strength,
fAI PR TRSS), IXAMEL 45 38 T 43 1) 22 424 5 A A 210,45 LA T — A& 4 11 B (sensing threshold, i Bk ST), wh 4 b
T4 2 PRAR T 2 — A A PR T 5 L O i) 5 gt S e A\ BT (5 38 81 . MCSMA HLIGIIRUE: T % 88 24 Ui
i) R, FL AV A5 A ) R X S 2 W (] I AT 25040 43 4 4% B, DT e 8 B K M 3R = R G ARk . MCSMA MAC 7
5 0 4 TSR IR R 0 L 7 BE R 0 1 4 o, bR T 0 e A 0 B A i B I 9 1 S A
T .

(2) PCAM(primary channel assignment based MAC)"**!

PCAM Pp L& — FP 3 F 3= {5 38 40 L (¥ 2 15 8

. - , N Por=4 Pai=3 Per=3
MAC  HpiS, LR e d2 il 5 T R A 40500 S B 1] -
7 3 ) 8L, 9 41 5 45 98 AU %% P 3E T DCF e . e
(distributed coordination function)#L il {H j& Z sk 47 3/ ot " ot

BRI (51 MAC PHifl 72 Ad Hoe Mg iy SR e sl ) Reelver
RLAF O PERE DL AL PCAM B L RN AT 3 A |
TR B SR R BRI 2 OR B R AR
KO 3 R AR RSN B U A

DURLS 3 WOk ds T HRAR S s 28 2 MOk & \ - © Recelver
gm%ﬁ@ﬁ%,ﬁi%ﬁﬁ@ﬂ%xEE‘JEKW%% 4 F|95 Channel assignment
5B 3 AN R S IL) R R R R G 5 R/

I3 BE A SUARE, A I3 3 AR A A PR AR . P 5 iR T A AT BRI AR 32 5 (R 8 1AL IR R A,
4 AT S A ) 920 15 B (Per) A T 2 (P 5(a) BT 7R ) e, R 3274 0K DI e 485 2 48 10 B0 e e i 4
HHATE b iR 2 9 5 2T 0 AT A AT S A 1 5 () 5(b) ) Y
5 SORE 8 P 0 A5 A T A AR RN B 2 B A fig g e 1 R A [ A £, LA B L R A T 2
T S(C) P, T AL R IE (53 D)1 0 AR IE AR OO T BT /U ES 3 3R AN, K
RS 3 B O T 5 EWOr LR (Pen) il 5 JF H, 1T A5 &2 WSE 7 B 4F 19,PCAM P S0 AN T ZEAEA]
T P 0 8 LA 3 25 W) i 5 8RR WL AT CLSE LSO A5 5 19 A5 5 (0 20 10, O ELE e UG Ll i pR o 4 22
R A% T ST A B SRR AT B T R B B R A R RE S B AR 06 Y R )RR R AR B A S
FE 0% T 0t 15 24 S FX) 2, /N 190 0% IS, A £ S B 2 ) A7 D0 R e IR SR IEAT DR ~7 B TE PCAM B KAE T AN
S I AR DAL S Tl D B AR S i AR ) 6, o AT I AR A D0 8, i A A A SRR
B E sy iy LG R AL 22 A BRI R A WA 2 AR Z B AT R] R AR AR, HLAZ W O 5 78 23 A
A1 3 AN RIS A5 BRI 2 IF A .
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(3) CLICA(connected low interference channel assignment)[€!

SCHR[A8TEF X T+ IEEE 802.11 192 S5 45 Mesh W4 5ty 17—t 1) S A 1K) R R XU A5 38 3 BC 547 CLICA,
FT R (508 4y Be B O 7E CLICA KA 18 43 e 4V X T 20 SR 444 1 (03 #h 45 AR Ak il 8, 30 7 1
5 €0 B8 SR AR TR i) K B 54 T SR BEIE SR .CLICA A% Lo B ABLR g 28 3 AR g B 8 A5 45 L PR 1) 2 L
Al AT S — MR SR I 35 (4 1k 5E (coloring decisions) K 45 ML S5 27 38 A SHEAT . A T (A A vk
SESEALHE AT A T DA BCHEAT YT A S AR 1 B (R4 1), DA g 3 % ) v 1) T A i I 4 (5. CLICA $3k
BRI S 7 AT YT I BB AR e RO R 56 2, B0 CLICA 22—l [13@& M A 2 2 ik, R T I ‘ﬁ%‘;ﬁﬁﬂiﬁfﬂﬂi@
FEI KT H0 0 Fh 0 4 AR S22 1 A 5 L s B AR A, 5 G JELREL A S o 2 FH 3 95 TR R TT TS (L B 1
{518 S LSV AT AV 26 R BN R 3R . \ -

(4) CRPBA(cross-layer optimization on multi-hop/multi-path routing, jpower eontrol, power allocation, and
bandwidth allocation)® \ ‘

£ 3£ FDMA(frequency division multiple access) MIMO ] WMN PR35 rh i # 45  F- 1F 48 15 1. SC HR[36]
EETIX P WMN BREE BF 5T T 185 2 A0 Ak (6 D80 B M 28 )2 1 2 B/ 2 42 6 th . S 3R 1 5 4 O R B )2 1902 08
SYBCTTR T —Fh i3 A K CRPBA.7E CRPBA M1, [9 4i¢ J53 A2 Bty i i J% A Bl el e e 2 B 240 RO £ 2, AL
i A 1) Lagrangian XUE 73 fi# K ¥ CRPBA A7 R In) . SCRR[361F) T2 oTmk e T~ 0F K 77— M BiR U7 % L%
Yt CRPBA i J; 1 e T 25 B J2 7 ) B0, T R T — 7 0 Bf JBE 5 7 9 O I, AR AN A vk
Lagrangian ST {1, 7 Al 5 5 5% MW 52 50 L FTAT 7 607 045 S S0 7, I VA0 WIMIN T LA JR A P g 6 T,
RAZSE SRR I 7 e AR IR A R

(5) MR-LQSR(multi-radio link-quality source routing)!*”

SCHR TR B 255 U 26T MIMO . 19 22 B O 2 190 4 (12 22 5 450 WMIN) 4t 17— b i (1) it et 2440
WCETT, R B4 51N Bt D330, T 8¢ 17— Tl (109 22 565 004 i i 5 % 11 P 0 MR-LQSR.MR-LQSR &
DSR(dynamic source routing)¥» i 19 . MR-LQSR [ 3= T2 5y ik 2 {5 FH 87 ¥ 2 45 WCETT.WCETT WK 7E £ 4
A WMN R 58 o 38 4 16 6 55 75 16 . MR-LQSR Hhi3CHP (1) 35 A HAT 40 o R BB . B B A T o) BB . B
BUTE A B A B I 450 e BRUASE Be EL r AR i J BUASS B A B R AT £ % 4 BB 55 DSR BB, I 5 4 A
I3 FCASS RN B A% R I 5 DSR AN[F). 1T DSR 45 T A % % 43 e AR 1] Ff A, MR-LQSR A B I 11 7095 43 e
B SR 4% = 1 A8 .MR-LQSR 63\1156IfI’J%L%E%*Xiﬁﬁﬁi‘Z?&E%EiﬂJf?iﬁ*’l\ﬁf?EﬁéﬂEI‘Jﬁﬁ%%iﬁﬁxﬁﬁitmﬁﬂ.i&
AUV B BRI RO S R N T s A DSR AR T s i £ i o 4 ok 3R AT 1 18k
4 0 %42, MR-LQSR 1 |l WCETT 14 4 % i1 44 WCETT & 6144 119 32 32 4% o J5t BE R 3145 — AN EER AU 10
AR, S Bt DA AR A i 1 25, 3 R B R TR A )3 T 0 5 R L B AR 1K WCETT i Hhy A4 ]
DURRE LR A 2ok -4 g
g ¢ WCETT:(l—a)xiETTimxmax X; )

¥ i=1 1< ji<k

L ETT, KB L (B 0 P i 110 300 2 6 40, ke 0~1 2 1) 1 AT ZH X RS E T § LR AR S TR
Z Q) EEAPIH 1B 2T SR ETT 270, S Wiy 21 i AE B X2 2 37 2 {5 i % %
BRI 7 A58 X AN BRT 7 AT AR AT — 4% 3 A ot P 40 280t 7 0 A R M 2 X PR el DA A 5ok

X =V 2 ETT, (2)

jieL
Tk R G T I B LR B K B R B, AR T (RS9 PR A 7 5 e A 10 B B 3 2 S DR T g
{3 A 328 A 0 S0 4 B 420 (0 T R T 8 K11 orf Uk 2 it 1) i S8 BT £ K1 09 20 RSB B 110 55 2 A DR 22 )
FA— NP4

MR-LQSR ¥ = B i ik, 5 $L b 22 565450 8% oy 40 40 AH BL n] $2 71 e kB e X A ik s ARk B T
MR-LQSR 25 i # 1 i 1 F) Sy 3] 3 S22 A 1885 A2 A4 - 2 ] )~ A SCHR[L 718 3 17 0 45 2R B s WCETT B ETX
(expected transmission count) % m1 344 1 BE4R i T 89%, Lb #5406 42 1% 3% 5 T 254%.MR-LQSR ™ B 5
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T R, T R AR I 1A T A £ BN S P 22 S T RSN Th % AE R B WMIN Hp i e
S5 18 Al ek A H PR A M. IR, MR-LQSR 757 FR A2 2y 1t 1) WMN Hp ¥ g T AN 67 [m] 1F WCETT ] fig &5 30
E X 45 0 T B 6. B AR A 2 T % Tl D B0 AN 4 T BG4 0 PR B 129 2 2 i o P DI O 2 R TR SR UL T
R

(6) HMCP(hybrid multi-channel protocol)®*”fil HMCMP(hybrid multi-channel MAC protocol)®®®!

75 SCHR[37] 7 Kyasanur 2 N &S Ad Hoc MIZ4 T —Fh it 1 55 B % )2 45 &5 10 2 (5 8 B HMCP.7E
HMCP Hft 45N 1 5C 4 5 A 21 00T B2 11— AN LR S ] 5 42 10, 5% — AN Sy ] ) 4 H [l 45
PC T AN S T A T e A — AN IR T 3T Py b — A [ A 3, AR CR K 5 40 4 TS (1 s g )
9 B TG0 18 IR0 I A5 AN 5 305 0 L 3 0 A T D004 L A R [ (R L S 1 2 A TT )
HfF I WA V)45 HMCP Ht, e T I8 52 42 1R 7€, FH A8 B 7 2 3 0 I S48 A 175 22, 0 L A
AT R T S LA S A A 5 A A R, DR HMICP 3 S 75 S — A 43 80 11 2 o 475 108 e ) 25 S s
R T 05 30 B 350 ) S, HMICP by A 3 WLIRE 25 0 AN AR 05 81— BA 301 BA ) b (1) B 43 2L 10 A A
T 3%, LA T VR SR A ) 4 1 SE N TS HMCP S LA BT FO M RS (AR AE A LR B I8 —
AT LA i 0T A T, (LD k0 80RO [0 )y 25 A A0 B 50— S R I T e B ALR T T ) e 11 0
#SCHR[381EE X WMN Bt TRk i) HMCP Bl B3 )2 251 MAC il HMCMP.AZ B 3 &5
DST(dynamic. staying time) it 56 5 L 21y A5 Hi K41 U7 Bk 5728 11028 10 T 8 R B INF i), 3 T2 T — 3 s 25 4% B )
YT TT R, LA e 1 RIS B 1 )P 2SR [38] P 07 2L H e 45 5 HMCMP 3L 7 75 I 1 1T 24 35 36 it
R bS ERSHE T HMCP,H 2 b i3 1) 3h 247 i S s 1 A5 A dt— 2D 3 .

(7) BSCA(balanced static channel assignment)#1 PDCA(packing dynamic channel assignment)™*?

SCHR[12]E1 5 WMN 2 T 95 Fh B i 4445 18 2 lid 595 :BSCA il PDCA.BSCA J& — Rl i A 55 I (5 1 40 T 4
10,100 PDCA K4 8 £ 38 4 ORI 5 [ B B AT, — Pl 8l A5 45 10 49 L 5509 BSCA 1) 2 B2 AR CRAFAT AT — M5
TE AN 23 2 LSRR R BRI AE BSCA Hv 85 A AN 8% 43 e 31— AN 1, I FLAEAS ) R I B AN 25 04T 45 10 D) 4 (HL
TE B AR AS 1 20 IE b B2 A BEER A4S Td N R (Td>1) HoA Y04 — A5 1 (g )1 .PDCA [ 35 28 AR 2 7
EAN IS 1) 90 LA B2 16 75 2K 2 0 . SC R [1 2038 38 477 BLBGAIF T PDCA 23T it 12 BSCA i Bl (1 % B,
FR R PR 4 o T 8 % AEL s, DA B Y A R R A T D) 40 TR T 2 PR e, I s I P R X R 1
AN BT BRI 2 S A S I P I, U RE A TV ik B T 2R \

3 MIMO H A& Bk TLLMEIRIMER] . MAC E%n@éﬁ%ﬂﬁ%ﬁurﬂﬂﬁ

MIMO  BEARAE Dy —FloFr A P2 BERGE INT 2218 B i R S B8 (Rl 2 B S M) T Hdlal . sl 2y 4k
SRR, DL im0 RS g G I P 28 19 T 4 ) 4% T 0 22 Bk T 4 I 45 £ G J2 04 PR 058, Al RV 22 0 11
o PR DA R 2 1) TR i 2 i DRI 6 22 18 TG 2k 199 46 1) 22 A W S0 AR e R T RS R, s ) B F) B B U
L MAC 213 96 A A IS BE L 5 10 e VR 23 TG 5 8 B2, I 4 2 £ 9 4 5 0 A B 2 O 91 9 45 14, 45 45 . MIMO
HARXT 25 (g I G5 TSI S TR MAC HSC 8 v B L B 3

152 WL 2 M 46 4k S 1R I B4 A B — A B2 A S AR AT A2 AL, X S S H S Y R IR Bl
LA VA RNY-& 5 BT SN~ 9 N < B AR IS B SRV I RECE T A € IR KSR TR S i N e I N B
53 WO o 20 J4i b 45K 47 FRRN DR AL LA T B S0 T AR K M (K AR AE I 1) L RN TR 278 MAC Hp
R RSP 2% 2 R A T SCEP D0 9 42 0 v £ Ty e ol i S o g 4V A A5 L 3% i 9L MIMO
BN IEIE PN INH ST GE A D I DESCTR R i IEEAN V11V [OF 53 NCIWANNEE /S -& 2 P ERyIN P SN
R LV AT AT 22 A T8, DR iy g 42 10 7 A 30 AR a4 B2 47 4% T 07 460 5 i il 0K A 5 50 0 SR 2% Tl IX 4
T 5L 18y A T T2 5 W) D 4 £ 9 0 45 K0 22 R S LA 15 22 Bk T 2k W0 46 RE S A — A>3 SR DX L A7 2 B4 4
SR i B AT R B DI RE 7 (0 22 A R Z WU 4 0 465 K 1R 3 2508 BEAR I 17— AT i) 3@ 4% SR [18Y K 2 0 2 f
TR AR 23 TR A A A TR A B O R A 5 B AR R T AR E 2 e 1R T A T M T
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fRA5 TG 7> MC 5% CLICA K13 T RAFHIPERE.

MIMO Xf MAC JZ 52 1 252 51N T 2 A5 AL, H L 55 3002 5 T8 5 D0 B8 2% e AMEEER MAC JZ2
R A% 200 FA 0, 1T L RB 4% e 2R 4% 11 %8 5. DCA R MCSMA B SUR FH 22 R Zolés 4 A7 3 15 5000 475 3 40 4,
3 59 AN [0 £ 132 10 00 AT 42 04 A0 B0k £ 5 00 A i, AN (EL a0 7 I i 2% S T AL, T L AR K b 8 i 17 o 3% 4
.DSMA P A MIMO BEA 2 R AL 5 bl I8 &0 Js 35 0, SEBL T B i FA) ) 4 v 1k TR 52 2. MIMA-MAC
PSR 22 R Z ML R A48 45 R T8, AT A ] — o SR8 A S BLOFAT ot A% . B 17 BA_EPRIFE. MAC
JERH MIMO BERZEATIRALAI PR LS BT — 7> MAC P, i1 HMCP,MR-LQSR #i8C45, i 1 7 73 A1 H

MIMO B 115 o 2 (20D 95 76 B MAC W LI % 16 B ol B0 1052 5 B R BEA R 2 10 M, i1 7 o

R S22 MAC B0 I A 7 ik g o — ol 2 2 R A M 3. ' -t

FEGIA MIMO SRS i 2R BER A T 5 i PR 10221, 94 206 22 0 i e PR ISCRE VIR DRT e s IO 15 77 ) 1 .
N T IE I B M) 2 R R P B, 7 v A i e A A Y e R R A AR MIMO B R B RIS R
BRI 08 765 2 18 MIMO AR 45 R 62 8 1 <o 300 2 11 7 45 40 0 00 10 e B T 0 2, 90 %2
TR T LLRZIAL 1a) T 055 450 DR 28 0 N % RSV T SCHR[A 714 1K) WCETT Sl % i 1 ER T . (F3E 2 fLAn
T /R A I SRR I 2 TRLA ] T AR BRI IK MR-LQSR i b Bl S B FH A 4 A5 4K
O PERESR T 11 75 HMCP B iSC e ] T 22 (5 T % 1 4] 98 (MCR #14}5), MCR F4f 5 T WCETT, % 8 T 25 1E M
B350 T K, A S DI PR AE S b2 — 2 ER B AR Tl DR, BETH G .
A0 B e AR B A% 0 S R 22,

4 MIMO $ AR ¥t % Bk Fo 2 P 48 2241 1T B 2 B 4 4

MIMO  H7 AN 22 Bk T 2k 9 45 0 52 W AN R ILAE 25 AT J2 I8 0 22 Bk T 2 0 46 1R B AR R v vt T Bk
L2 R MIMO HARAE 22 Bk TC 26 199 265 18 RE A 21 52 T (19 vy, AN DCESR TR 15 38 11 199 5% WAL 300 i SE T 7 40 %
FEAH IR IR 199 2 44 2R 54 il L. 111 3 MIMO SRS 122 18] [ 1 32, 7 225 R A 1 850 8 0 A2 20%, BSR4 J2 A e i W
ST SR BT 2R TE R AT B LA IR R T 5, DR T 75 2 v R A R G4 AE 2R T MIMO 9 2 R 2k M 2%,
15 )2 DU RT RE A2 B2 AR ) ELAE R, Rk, O 1 SR DR R LR RE MAC 2 2% 2 AR S I 2
P BL R — A U A, AT 78 20 AP B2 45 6L T 04 22 i 2 I R B2 MAC & I 2% J2 1 e i J= A 7 A T

P AL, AN [7) J2 2 TR FRD 52 B SCBE T Bk — Tl e 75 £ SRS \ \ &~
7 45 2 SO A g AR T 55— i R A 2 (0 2 AR e 2 (e S 7 2 w2 AR 2 5

BORATOOA S = K 2 AN R Al 1 — AN 43, /e Ad Hoc IW\%FP%% MAC JZ Rl 28 J2 &5 5 B J= LA B4
WA HL 1 B ITTER A R AE T IS SR EEE ST E WP 58 2 7k ARS8 A R T BL B A% Al
AN FZE 22 18] 1 AS LA 2 T AR RE .25 R U I e v AT e B v, 75 255 18 2 AR e A 1k, BABIT 1R K 1
AR ME AEAT AU MIMO RN 19 2 AT 15 J25 Wb il e vk, H T 28 BT T — B2 A O (B O IE 5T R, O HAa K
F5 43 159 2 IS JE U0 ISR I B 1 i A R MR 2 P LB T I B 4 TR 3R AR, DR BT T MIMO 1
2 BTGk I 25 2 D T S A O LR LR

(1) BEA M4 RS MAC 224 EHT PR BT

M4 JEE MAC JZ G HEAT 5 2 Dh e vk ELALAL BEAS R GT L RE 2 H AT HIF S8 R TR 2 10— Fi oy 5.3
BR[411Hs MAC JZ IF5 38 73 i 15 99 26% 2 056 6 0 22 S 400 WMINS AT D040 Be v L R Al e Ik it 12 SR 1, 22 6 3
2 A5 IE AN oK A T-H0, AE 2 92 5T b AR s o vk, e R4S T 2 I SC B 78 WMINS PR3 1 vk — i A 4%
(730G 4517 205 7 PC AT B8 1 (10 S0 Ve v I 2 L 2% R (1 ) AL SR [421 8% T 2% RE A T8 23 O AN 1 8 DL A [R] i
TG 0 o3 B, DA SEBILAR T8 2 WO A HE 58 23 e 1R REAL 7E 3R i AR U A i R TS T IR G (R AR SCRR[37] 4%
H ) HMCP PR SCB 5 %5 18 T 3 e A B B 22 il AL, B v 17 20 25 30 20 e S50 FVHT 1) Bk e U MCR, A e 6 20
IV N R S T P 85 ) AR AL SCHR[2518 A 3 7 BC AN B =& kA JT R T — Al o0 A AR 4 515, SR [43]
ASCER A5 000 Ak i P R R 2 10 88, LA /) A 2R 490 A 1R800 I TRD AT 7 P A7 3 T 0 240 SRR S B 11 B AR 4
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T AL 45 T 1) 3 B v Y i 7 SR SCHR[44]1 A MIMO 4 5 11 22 52 T RR M A B 2% 8K 2 1 20 e 55 I 48 22 B e ok, S
LT HERE AR S AR DL AT BRSNS 2 5 MAC 2 AT E BT, 2% 2 o R MAC 248
At 0015 RS R BT B B A S 5 TR 1 A REE— 2D AT MIMO (90 34 AR I I 75 3K 5 183 iy 58 4
Bt 2 U BE 5 0 T B A% A J2 A0 2 4 1 58 il 0, L 4 4 OO 1 )2 R 1 R ) i D) ) S IO A8 4 i ) K

(2) BEA ML )2 SYRLE R E AT T

MIMO & — R 2R BAR, R S W B2 5 BJR IS % BT MIMO E‘J%ﬁ%%éﬁm%iﬁ%%ﬁﬂ‘%ﬁﬁiﬂ
BHESZEEEN A A MIMO RGP L2 nl SR 1 BRI AR 22, 05 25 16 19 02 Th 2 48 ). D P th 152 v A
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B YD g ) i S I AT SR SO Y R e B AP AR TR R BURES SR P B IN T A R R A T
EZ InAT E 1 22 DX 38 I DA £ LU e A HLAL & T die KA R Gt e, AN H B OB SUR A, 1 T8 32 18
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DO W] 5 5 2 S B 412 vy I I P PR TR 3% 491 il 20> S 80 i S P LA 3 6 97 280 A% i K0 R g P 25, DAL T 48 9 5 g
P, I SRR L - 5 BT IR P 568 T et A A e 5%, UL X 30 16 7 g R e A R SR LU A e, DA T 5 225 18 (1 1A

RVERI A SR A PE AR 0 e A e AR 22 I 1S TG ¥k 4 T e D0 Al A1 A 5 A 5 T g [ AT
P77 (trade-off), LS —ANTEAE A E4in sk PERE I R 4E.UIUC E‘J%?)%IW?%‘ZE(Wir'eless Networking Group at
the University of Hlinois) i 52 75 SCHR[49]H T 6 i) A D SE FI AL SR 6 T R 47 9.2 Bt AT 170 2L T 2% ) Net-X It
PR 2 BT B R B HMCP HEAT T 52 B P A R, 3 L3 i VolP(voice over Internet protocol) izt
TN S R A A 7 S B b T S R L A £ £ ) A R B A TR A T R A
RO ABATY ARG R 2 1) R A A e, G0 A8 AT PR S /N 0 i P T U L S 0 e RIS T D) e B b T
G708 I 5 R ORI, 5 AR 22 A S PR T 39 22 LT e i 2 (19 I S R 5 T 808 1 ) B2 4
ENOIEER/INCISE WY 2 X (FE A1) SIP R A FITEEs i

5 BIAILRSSH

LR LR, 23 HT T2 SRR B T MIMO R 22 6 T8 2 W0 45 P 1305 SR03s, e ATT R %% 1 B0 AN [l R 2 /5 SR A
R R S5 T4 A A R B T A, AT 22 R 1, DRI AR A DA — PR AR o JLAF SR BEAT VPOl T HEAT 4
TP B AL B, TR P 21 3R 1 07 3008 BA L & A SR AT 28 B LU B 20 2R 2 NS 2 Wb L s v 1D A R O, R A
F WS FARAE B I TR 1R 2 (K AN T I L2 S5, i B2 5 MACZ T 81 (PHY-MAC). MAC)Z 5
W28 2 B v (MAC-NETWORK), 8545 X - HUEF 05— J2 BEAT BEUE (K D% A% G U575 0 28, A MACR « k4%
J2 A A BN RE Al i 2 AR RE S BN LU % Pk AT T SR A 0T

Table 2 Comparison of classifications of MIMO-based multi-hop \
wireless networks protocols and algorithms

%2 3T MIMO E@%E%%éf@%ﬁ}iﬁ(%ﬁ?%ﬁ%thﬁ

Protocol A B C "D E F
DSMA o/ A
SPACE-MAC A -
NULLHOC g,
SCMA v
MIMA-MAC J
L ICSMA N
g 8 PCAM v
3 MUP J
L BSCA J
PDCA J
DCA J
MCSMA v
CLICA v
CRPBA v
HMCP J
HMCMP J
MR-LQSR J

A: PHY-MAC; B: PHY-NETWORK; C: MAC-NETWORK;
D: PHY-MAC-NETWORK; E: MAC; F: NETWORK
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Table 3 Comparison of performance of MIMO-based multi-hop wireless networks protocols and algorithms
F 3 HT MIMO 2 BkIo S b 2 Vp il 5 Sk v RE LR

Protocol A B C D E F G
DSMA Low Not need Backlog queue J Good Moderate Moderate
SPACE-MAC High Moderate Holds antennas weight vector and CSI N Good Moderate  Good
NULLHOC High High Holds CSI v Moderate Moderate  Good
SCMA Moderate High Channel allocation vector v Moerate Good Good
MIMA-MAC Moderate High Not need v Moderate Moderate  Good
ICSMA Low High Not need v Moderate  Good Poor
PCAM Not need High Not need v Moderate  Good Moderate
MUP Low High MUP neighbor table X Good  Moderate  Good
BSCA Moderate Moderate "mgigigﬁi; 'ﬂ ri:knier:gih dt:e%rts\Xaecitoorn X Moderate Moderate Poor
PDCA High High Interference I”?k nt_erg_hbors vector, X Moderate Moderate Moderate
Interference link incident vector
DCA Low High C'l:JLIJ‘L(((:EéT;: : ;ﬁgle I:;;) v Moderate  Good Moderate
MCSMA Low Moderate FUL (Free channel list) v Moderate  Good Moderate
CLICA High Moderate Not need X Good  Moderate Moderate
CRPBA High High Not need X Good  Moderate  Good
HMCP Moderate High Neighbor table, ChannelUsageL.ist v Moderate  Good Moderate
HMCMP Moderate High Not need X Moderate  Good Good
MR-LQSR Low Moderate Neighbor table, Link cache X Good Good Moderate

A: Computation overhead; B: Control overhead; C: Storage overhead;
D: Node mobility; E: Robustness; F: Fairness; G: Adaptivity to changes

6 DEERE
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A G589 1) 52 22 P RN B A A A REAE, SR H 23 AT 280 7515 T8 43 0 54 6 AR5 T /4 B0 Sk R B0 67 8 a8 el S0 40 et ot
MIMO B A Ity S (180 4 Pk, 78 23 R AT 4 B2 00 U B A5 va J2 B0 T B 10 36 V7 A 6 1) 2 A v P e 5 2 W 8 4%
PAR Y kLN

HAR AR B N AN SIS T IR 26 2 SO R (F X SR 5 i R 7R BRAS E3A7 7E & Rk B B A2, 78
S B PR A AR AR ORI R BR AL AT B REEE T MIMO 122 Bk I8 2 9 245 11 2 AR W i 5 B AT U8 b T 4R &R
Bt B AR T i 26 B ) IS FH e R TR AZ A 1 22 At Ve ) U G B e R 75 B2k — P 5 56 35

(1) MIMO Hi A2 KEEHLHI T K TP MIMO i AR K 2 K ZR ML 2 S 35 TR, o2 AR 34 i 8 (1
ZAREN I H AN AT 8 o 2 ok T R 2 8] BT 48, el B vt = 200K MIMO. 44 B DLk AR sl i R 2k 2.
Ve [ T3 A T 32 5 322 SNIR(siignall to noise ratio) & — AN Ak 5 558 (1 o A0 Ik R 2k 2 T f) B B 2 — 4 B LA 3%
V183 A2 (LA 258 3 T o8 (0 2R A A A5 — v sl DA S B0, DR 0k, 55 8 AT 0 88 2% S 3 — i L, <A 597 1 48 1
FEAR LA K AL FH B 47 1) SR s B 4 I A8 £ 38 A 3X — U5 T, 4% MIMO 55 OFDM 454, Bll:MIMO-OFDM J& — i 4511
F BB 75 MIMO £ %: 5| A OFDM(orthogonal frequency division multiplexing)Hz A uf LA o 4512 1% $2 1t 7%
i R S8 5 BT 2 2 T4 AE 7. MIMO-OFDM H: R B 1 20 AU AN 2 4G I RBEBIAR 2 — (HU SEBRFR B 1)
ZFEPE RIS 0 A X — BRI R AR VT 2 5 T B P 1) Il /A £ A e

(2) MIMO HEAR ¥ 22 R Ze Ji 5| N IR 224 1R 22 4 308 R 52 ) R0 7T SRR 42 AR 40 b RMEE T 1 224 3 4 T 5 R
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