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ABSTRACT

Applying directional antennato ad hoc network has been a hot research topic, because
directional antenna has more advantages than omni=directional antenna, such as increase
spatial reuse rate, diminution of co-channel interference; acceleration transmission distance,
and saving transmission power. However, inorder to fully utilize the benefit of directional
antenna, MAC protocol has to be redesign, and among those directional antenna MAC
protocol are successively proposed, D-MAC gets the high consideration. Except for
directional antenna, spatial reuse rate can aso be improved through controlling
transmission power, so that studying how to apply controlling transmission power to
directiona antennais glamour as well. In this thesis, we analyzed Scheme 1 and Scheme 2
the D-MAC mentioned, and discovered Scheme 1 increase in the spatia reuse rate, but
there are some collision happened. For Scheme 2, nevertheless, even though the collision is
diminished, it decreases the spatial reuse rate. Upon this, we proposed a new protocol
named F-DMAC for meliorating D-MAC. This method not only enhances the spatial reuse
rate but also reduces collision chance. After F-DMAC, we addressed the other advanced

protocol, PCF-DMAC, applying controlling transmission power to --DMAC. PCF-DMAC



combines the advantages of controlling transmission power and directional antenna, which

decrease the collision and raise the spatial reuse rage.

keywords : ad hoc network ~ directional antenna ~ MAC ~ power control
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MAC A # i5 o £ & 3 ¢ § — B WGRI i 307 4 6 At Bt £ 0 MAC 3
gt w4 SRR R e e

F R R R {%ﬁd A A5 er R Bl endt e (packet) it 2 H o1 iT ek
NN BLA R K MR LTE A oA m R BRI - R
fe &+ £ (Network Allocation Vector » NAV) ki 4 H @ 1 i7=p:% 7 & 5

PR Sk B it 1 ek R kA B LT A

e oo B2 -3B@ 7 NAV doie R BARA 3 2 T 4E -



SIFS

) RTS < > 21 4=
Transmitt il >
SIFS SIFS
) < »CTS < »ACK
Receiver >
. DIFS
Network Allocation NAV (RTS) < >
Vector >
(NAV) NAV (CTS)
) Defer Access Conte'nzi on Window g

B 25 1% NAV & {7 g {1 R

RTS fr CTS3uf23t ¢ ¢ 7 — i duration ff = > 1 & * Rz BiERH L e
PR E R ePPER o § H s 1 iFrk e D d B I en RTS 2t 4 d defeag iz
ﬂ::.’v’vCTSgsz%ayj-_};g :Jés—duration%&“f::%gafﬁvfﬁ?ﬁf‘.&aiﬁrﬂé LNl » P oo
PREEETEPOIFERRETR G- 2N EFFIFRL T 10T 8
FiEPAiE Flpt ,&ﬁ%@;{iﬁaﬁi&%fﬁg’ BT u)?kdj\ Woplenz g 0 k2 1 vk
@ﬁ%] A TF R o

I35 AR RTSE CTS Mﬁ’fs L c?@gﬂ%ﬁmfﬁfﬁm * Er 3 RISz
?#ﬂuﬁ’é{ﬂ%i%;%ﬁflﬁ%?ﬁ?ﬁﬁﬂﬁﬁ%*ﬂ%ﬁﬁ%ﬁﬂ@

EE AR L T WA ST & % A1 vk (hidden station) sk 41+ RTS 22 CTS

5
gl

IR E & e BE R o

2.1.1.4 3£ 13 4
& DCF 49 » ¥ @,@J AESTHRE R F 20 5 F Btz ¢ f4

$ - RAfER R (DIFS) 4 F B o 4ok BWLLA AP B & L& DIFS

Bole i feairndrpeng o fad PR EL B $1lnb
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FRELBFEE- K DIFSER « piz- KFERFP o4k MR B 1 v
z fjﬁg i~ 3] #73) ik AR & (Contention Window » CW)## R > d ¢ @ 45/
PRAERERN TR SR TR RELS LT - LR
AR FL o B P RELTE DR RLEG T LS AR R
A ERRE AL EER O ERA RS o1 TR Ak BEREL @
B S pRAE i 4 0 |EEE 802,11 FFd 4 15 4] (Backoff Time) & & # — i 4 14 p
ot b o psl P m dlp > 1 (Feb R FEFIH SR 5 R P50 BiE3d=o
CW = ig—  # & 1 5 prH(dlot) > prtl ek A RI ¢ F1@ 4L A 5 917 b o 1 17
hEREWPE R BN TR FEAN ORI R SR 0 F I ik FER
BiEfEpE o BT E - B R i’rghi.ﬁ;a A @A L dok S e i
shefus (SRR ANA AP RIS il 12 Pgkaod FoRidE 3 4 Sl o CW e it f
2 e B B — (bl4e 1~ 3 7515~ 0~ 1023) = CW = o .4 F 4 & #7341

Hd£ 5 1023 B b pEY -

21152 e e &

AP RERY 3 AFFFS S g%%@ﬁ‘ﬁﬂfﬁﬁﬁvl%, LT T
FALE o IEEE8021L ¢ %t Alemuizie For 3] - 4 70 d BgEE G A @i 0 g
dHRTAERFFOTHEE ARSI BE ST LA SRG FH DG BT

¥ E R RAGERE LA | AR R 3 P (fragmentation threshold) ¥ - 3 ¢

Hujeie 7o 3 0 5 Bfe K (fragment) i e § 4k amu et 13 - ik o

WAZ P B SE > i E e o A[24] [25]7 3 4& 1) Dynamic Fragmentation 3 it >

BIRESRT kR GEELDRRELEAET r agment atdizoln ghr eshol

dr e iR r‘ﬂﬁ;f] °
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#7230 327 2 (fragmentation)4p e E_k-— & MSDU (MAC service data unit) 3t 1=+

4] & 3F % ] 59 MPDUs (MAC protocol dataunits)zi = » gt 384 E d B Ff F - &

—_

CREE F R - B MSDU bk B 2 T E = MPDU ok 15 2 %l 7

' 2

w1 T o

[

2.1.2 Hidden and Exposed Terminal
BARERAEAT 2 RERG TR R FlL ERER LGN RO
AP F MPRE S Do RRIRIELE FILEEROE B AR R €5 F R4
BE SO R b @ AUREL B BT AU R BT SRR ) S BT
Yo B e - 4% o IEEE 802.11 3 ¥ & B P B ch& 2R AE 0 A W) E_hidden terminal
£ exposed terminal -
(1) Hidden Terminal
Yo 2 -G 0 W B AT BE LASTTF E Rk QREFTALE
BB A EGEEB D T @ﬁi&lﬁ}m FEER ESTH R kL o @ EOT R B
SR G TS @R CL BETRESED FSEABETREE LB

i{ ¢ %15 sidg(collison)m & i T Fedkic

- ~
- ~
P ~
’ ~
’ N
’ N
’ N

’ N\

7 \
, \
’ \

’ \
1 \
N \
N \
1 \
| |
| |
1 I
\ 1
\ 1
\ 1
\ 1
\ 1
\ ’

’
\ ’
N 7
N ’
N 4
N ’
~ ’
~ -’
~ -
~ -
~o P4

B 2-6 Hidden termind
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(2) Exposed Terminal
4e®] 2-7 41 0 BB BER BT HRESR A R EF G RT @%l
W H St ek i a % 4 Back-off 0 F1 A g C 1 ARt @ﬁiﬂ A B E R
ML geDy e £33 7ic® Back-off 28— T H &y FL BB BET
PeagAx 2 ¢ EN SR CEGER D2 FFhidix -

]  2-7 Exposed terminal.

2.2 Omni-directional MAC

P ki ma adhoc EEFEE P 2 e Pai s v RELHE w0
Tt S e R TN G LRI PRRENIFR Y o T M4 IR

et ARG MBS R ISR

2.2.1 MACA
Multiple Access Collision Avoidance (MACA)[21] #_d4 Karn# ! % :zi& CSMA/CD

B 4R it i A T 5 :EEBEE 802.11 559 CSMA/CA ¥ & Carrier Sense 3% 4 2
H o 4e » RTSICTS iz #% e Virtua Carrier Sense % #F 4. Hidden Terminals i 38 erv3F 4 o

Ehree-Way Handshake i #] » RTS.CTS-Data> % % % F L cnii i « 5
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Bk g BiE-Be 73 FHEASRISHE » FRICFRIIRTSLE > Fikgid
- B FFHRERANCIS B4 Barb @ F oy HlRpFRAp &1 48R
FE X 2RI RTSA L CTSH ¥ - Biufzengd » Rl AT BESEHEP R

7 s¢ £ B3 RTSYCTSData 212 > Fpt :T‘*'u;‘)é‘ U LA g o

2.2.2 DBTMA
Dual Busy Tone Multiple Access (DBTMA)[22] £_% 7 f% 4+ RTS/CTS-based:=-MAC

R € 3 ZutilizationsrR® AL 73k 3 A ke B i @ * Busy Tones™ 54k 2 Lii”r@ﬁ%ﬁ—
fi i % chiEa) o DBTMASIE B2 3] 5 & BaEsE » — & 255841 3§ (data channel) » ¥
— & &g 4147 i (control channel) » FALEE A% ki T G AR Es 0 B
RTSICTS2 ¢ » B4 * & B busy tonek F A L P ehidi% 2y & 0 A w BT e
BT » BT, E* k470 f4ffd A ® P s m ¥ LAt @¥auk i » BT Pl 4 7
TR R I -Sen Y fd £F S TR

FEARE E B AR Y G TR [ & IRTS 12 AgrdEE Y
Fent i BT, i Busy Tone § & B2 % CTSi4 4 ¢ aardl4i ¢ # 4 @ i% BT,
i¢ i# Busy Tone - DBTMA #iﬁ:@feﬁ i Busy Tone e &) » % 2B #8iF ch & gk oe 5|
P e r kA 0 18 R Rk chutilization £7 05 PE R L (TR ePRP AR (e d b

DBTMA 7 & & i » #rerifsf 227 B Busy Tone» 34 7 v cnF|3R -

2.2.3 MACA/BI
2o w0 TR ) en 3 R AL =5 Az 4 en T Eddck and M.

Gerla#t#& 1 ersMultiple Access with Collision Avoidance By Invitation (MACA/BI) [23]

PR sy s AR de A 4] o MACA/BI#-RTSE CTSHA Bauieig & = - @
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RTR(ready to receive):iiz » H iF 173 NP 40T » MACA/BIE ik 8 # 0 I RTR %

PR HELF BFTHEBE > bok FHEBENIRBE ok FHRED

FRIE 2oy ARTRE:A A > 4oB “Ton o & BRTREAFMAR T & 8k

FRATHERE FEE § THL RELRORTRE I RMDATARE S o de
) “r MARARBI 4+ i£flow control £ £_congestion control {% 3 &+ > e

g - B ASRAT L PR B ERTR S A - SRR § B FIIE R

PRAVPOE Aok FREEFXE > ¥ ¥ 827 FRE B3 L 4re £ HRTRE 4

3R P G B AT TR TR KT RV PR o ek BFIEEF S B 4R

AT EE G ORTRHE-§ % 3 8 4 pidt o

B 2-8 MACA/BI

2.3 Directional MAC
= & {2 (Directional) = #+ = & {2 (Omni-Directional) * ##% i3 { % g7

TR B en 2 0h o B F b co-channel F 3 el B 4 B3 e 2
FBEANFHTA 2w ARG T T BEK (D - BREY ST S RL

- BHE QF - BERMEAKRE 2 EIA - BEBIERFERT 1R
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M KBRATAE G FRRGHE L (DFREEFFEET PO v T RE &
PR R 2T 0 F 3 7 2 e (L MAC[3|[S][7][8][10][11][12][13][14][15] p At & 1
2 5 2 MACH » RTSICTS/IDATAZ 2 ACK4té ¥ i * 3 fbch 58k B3 > 38

% |EEE 802.11 MACH: 7 » F|F ) m A&7 uégﬁg?]mmg‘b R EVE e R
@;@?J o 113 B BMACE F4H 2 1 R EIPINL 2L TR I LE S eI R

4 B % BMACH: %_-

2.3.1 D-MAC
D-MAC[3]# &1 7 & 87 I enScheme: D-MAC Scheme 1£2 D-MAC Scheme 2 -

D- ME@GSc h eme £myml EEE %@?}é’f}_&?ﬁfﬁ;@ﬁ;&z}bﬁ@ﬁ%,g
fz = EEE 80 2:iEdd - 4wll2- 9rma )D-MAC Schemel :#RTS DATA

BACKH & F0E5 Y & % 230 5k g 2P E L S BAR 3B & BCE § 8D 12

PRE A P § T AT HEe BB et S A - KA o b4 A2 - 9 ( b)
Py EL S R TS M o & BEGE A fei & BLAY S EBE A o S d &

BCE i Tl & 2B > i ¢ % 2 fidfi 7R 4% - D-MAC Scheme 27 17 ji2;4D-MAC
Scheme 1#7# & chi* 4% » - B2 - 9¢7c’)D- MAC S detgrme > 2 14112 >

v L ORTSH ¢ > FUt § 2B I 22 » AR THe kil wA® §8Co #r1 § 8.C
SR A EDe e BEFTH ot T EFID- MAC Sdelﬁi‘@ﬁ%eﬂ@;em IO
LR F L o ¥ b 4eRl2 - 90([30) & T Wait-to-Send(DWTS)4t ¢ %k %

A& GRTSEF Rk Am » D- MAE® % 31 gi(tracking) & # A iz (locating)

-

ehit ()4 GPSet # ik #p #2 ohlocation Packet) kP~ H i & gheniz ¥ - F]yt

+
LN

R € R o
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oCTS oCTS ~— DWTS
g@ A dDATA T
@ dDATA| ?‘} ORTS
©) (d)

B 2-9D-MAC (8) D-MAC SCHEME 1 (b) D-MAC SCHEME 1 Collision Problem
(<) D-MAC SCHEME 2 (d) Wait-to-Send(DWTS)

2.3.2 Directional Virtual Carrier Sensing (DVCYS)
Takai#t 1) 7" DVCY[8] kg = v b X 2irddh Ky P48 > @ DVCS¥ 1 4 5 =

B A
a. AOA Caching

= & ghiE 7 - BAngle-of-Arrival (AOA) Tablek 2454817 & BE 47 i s %
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i Switch-Beam Antenna #-% B ¥ 3 *» 2] = % i Sector - AOA Table ¢ &k & gL47 h e
Sector - Sender - 1% i% 3 4 % Receiverw > ¢ £ & 45 AOA Table® Receiver# - shSector
2_ 15 1 P iz ¥ Sector i ¥ RTS - Receiver i x 3|RTSt » » ¢ 4 & 45 AOA Table® Sender
#r henSector 0 RSP 2 e w BCTS%Sender @ £ F A B & BRMF Y B Wk
@i Data? ACK %4 ¢ o

b . Beam Locking and Unlocking

% Receiver# | 3|RTS3#t ¢ 15> v ¢ 4 d /A Sendersh= » ¥ B2 CTS3t ¢ > 4 Sender
e 3|CTSst e £+ ¢ 4 A LRecelversn> w - — 8 I|DatalACK 4t # T@ﬁ%];’é SR
Sender/Receiver ¢ f& % i AA4 A7 v o ® 3 2 % w Eojoanit o
¢ . Directional Network Allocation Vector (DNAV)

DNAV i & #* % B~ X |EEE 802.11¢ “#NAV » & i DNAV*FFS.?:MET?”J - B3 e E -
BEAE & BT KT S BDNAV » & BEE SBT3 F {8 o Ta’fi ¢ L ATDNAV -
4§ ot 0 & 5 DNAVARR 20 i i DNAVSiEH > & Rlie— B & ghi-g
#1€.0 F]105 & % £ 270 7| 330 %= B~ Bi%ixim s, e Lo ¥ 06105 5 270°
712 330 3360 % = 5 @i e

—\.\_\_\__H

U N
k 1 A

.

L e
W .

4

i A

fvadable directions for transmissan

B] 2-10 Three DNAVs set for different directions [8]
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2.3.3 Circular Directional RTS/CTS

Circular Directional RTS/ICTY[5]4& &1 - 3 »x 5 ™ & EMACHE: T #1F chife
- AR 2o i 58k B o Flt fHandshakedhig 42 ¢ o 4o % Sender &
Receiveriz #i5.> — B 2 = w2 ehfr 4t e - 78R @ gy oo B¢ Fot 4 U4 (]
2-11)> b = ;2 @ RTSICTS/DATA/ACK 4t & ﬁF,’K AR* e dkiBEed? »-MAC
$ oo (F AR A & B enS  B - B R AR AT K Lk AR R & g
fe - BGPS: ffd 2 #RTSICTS#H & pr kil s> p o enim® o [ G 71 -
Location Tablek s 454p B 7= » > & 8L A4z P4t e 12 > & B Select Diversity® 14 d
MEL e R REFF g e o B pe gl DiAG] Dp e g™ w2 4F#
Wien= v G- hlocation Table(#2 - 4R 9 4 i » o ¥ ehdd e AR Y 3w ik
B AR FERS BB gRCT 4 0 o B[ BBER N0 - @@ Circulargn 50
% @1 RTSICTS# ¢ > Senders % @ - BH XS v:hRTS» tl4rBeam 1+ % &7
- B % Beam 2@ i 4p b PRTS 2 igfkendai® § — 5 4§ 3] 7§ HBeam$B iz I RTS

moab o dept = KT LR G e LDl EEAL s o TR AR S B R judt e R

Communication rangein
directional RTS

Communication range i
omni-directional RTS

B 2-11 The coverage range of aMAC protocol that uses an omni RTS transmission
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% 2-2 A record of Location Table

Me Neighbor My Beam Neighbor’s Beam
A B 4 2

2.4 Directional MAC with Power Control

e 4R T LR PRE T G 5 o] G0 Rk

BrE, QI pEEE BEL H- BRAFOEARTIE A aerEa g A

L) 13 ﬁ?i@ﬂjﬂﬁ Cfs oy HhEh m@ﬂjﬂngﬂg A1) OIS SV MFE’B‘:%E@@?J

W 2 PGt a2 e AR TR RN I e MG BB B L Z o

610

&)
\ 4
w

B 2-12 Power Control Scenario

2.4.1 Two-Leve Transmit Power Control
Y@ 2-13%77 0 2 e (X &%ﬁv@ﬁ%&&%ﬁk“ T e X AR F S EENET & BLmMiE (T

BT SEX Y ZERG AR REE Moo Ft ¢ i3 Exposed Nodeii-=) 3
4 - Sahat[9] ¢ # 1 Two-Level _&:”:@;@?Jﬁ FEAlsal 0 g e rév'b‘_@';ﬁ%]ﬁﬂﬁ bl
G AL @ EERE 2 2 e LR S T AR B B AGRL B AIS F L 1 2 e i
AABEIEYE o e BT DEEX Y ZI F T S BT R e o T
PE RN - BT UGB ST A N E R TR PR T L B

A R F R AR o
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B 2-13 Improving SDMA efficiency with Directional Antenna and power-controlled
Directional Transmission

24.2 DMACP

Feo- BRI Sl 1 W W
BRI AR P EE W R BB e e 45 by
g 7w Wit e B2 R WA i T AP R o W T A
P ¥ e SN S LR e
EHDSBERE S B b e ihs & o

SRR ES BT o R e A MF R F I blde AP RS Y

R E RIS U FF AR o R o e AL F R - B b

i sk

R SRR R R |

2.4.3 Distributed Power Control (DPC)
Fd T - B * R RER LA

3
S
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#
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@
1|
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%= 3% F-DMAC

S 2w ap AL 2 A 47020 1 j23] D-MAC Scheme 28¢ 25 7 14 24 Scheme
1974 2 g WAL > frdpteny €Mz AR * F o FIRb AP L A 2 FR
Foo wrr 0 - B ATEE 3 HS 22 Fragmentation based D-MAC(F-DMAC) - = F-DMAC
¢ AP S oG X R g 3R At block ik i T e Receiver » 7 1w § CTS 3
¢ % Sender» {FH{ e Z MR 5 o2 iF 0 b | ohoikT B3 CTSH# » A4
g4 A A HA FP AP A F-DMAC @ « 3 4 7 DTS(Delay to Send)3t # % i 4. &
- BR 3> DTS 4t7 22 CTS4t¢ vk B -tk » FIM 973 gjf;i@ﬁ%%@;hﬁ:;@ 5 g
#3 e &g block A spF o F-DMAC 18 i packet si§4z® » ¥ 1t D-MAC2 %
7 - Bt d% packet @i pERY 2 NAV RABERE S » TH 3 ant A g Y AfE o BT

G g & AR ¢ 4 F-DMAC 4 2 { 3 sl o

31 R A

3 i L% 3] D-MAC Scheme 2 s Handshake i 427 - € 3% 4 "8 2 P @ * 5 0 2 pify

51 TBF F‘:a% ’ gj;,;pg YT

HAAoR 3L rA o E - B e RTS4t¢ i S pidgehifa) - § 8B 2 52 C
A FEN o D F LIS B CHCT $e > #r2 ¢ bl ofcakgk D e w >
Flpt &2 D ¢ F N p e RT $¢ L& E.Fi 2w RT $t¢ i 2> &2
Cx¥* g gD FERED ATl A " § B BEHFRCrd AL
BEFT- XA AE SRCEFNN2 3w N CT $te o B @end gL D b At
RGPl R RSB CCT Bte o 4 @K L NAVLZ €~ block

i o 2 3ifslehDesfness e ¥ #BDHEBELRE L B FT - &
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EAp s $ERDEFE N2 P BART 86 > P EBERBE SR CL hit 77

PNl UR 2 R 0 e 7 Y LR T ¢ hi & o Deafness 14 # £ 7 -

‘ 200m . 200m . 200m . 200m . 200m ‘

| RIS — RS

LY

dDATA i dRTS

oCTS %‘

/

dACK

oS o

oCTS \ocTs%é

deafness

I\
/3

dDATA

/W

dACK

|

dDATA 1| 4RTS ORTS

collision oCTS %‘

o

B 3-1 D-MAC Scheme2 Directional RTS Problem
V- BimA R 3297 g & RDESRES BageFEam §8.C
¢ xF| &8 D e RTS4te > R{SH#-p & K 5 block ek fi o ot pF & 2L B i% 1) ORTS

e La g Cprod 3t & 8k C et block sk i5 > Fpt & 2

7

B CTS#f¢ X 48 B>

S AT BBB § - 5 E RISHE i) 4 D- MAC S ciitiene
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‘ 200m . 200m . 200m . 200m . 200m ‘

| ORTS - ORTS
oRTS oRTS

\ OCTS
y%‘

[
/

[
[1/Y

dACK

|

B 3-2 D-MAC Scheme 2 Decrease Spatial Reuse Problem

drk nF &8 Cw | OCTS44€ % & 2 Bolder Bl 3 - #87 > “ri &8 7 i
Wi% DATA 3¢ &8 od >t SEHC %4 CTS 4t ¢ P> & 2. D 1 #% deafness
Al FI LG el @ Cen CTSHE LI §8 D &2 & B E cnpl @i s 4 16
BREFT - PTG D GHF Y ORTSH e £d 8 BE g C
Rl AR TP S 8C ¢ PR § 8 D hRTS #f ¢ &2 § 2. B ¢ DATA #
Foma B A EBHEA et B A D | ofcikiE CTS4te ¥ g2 Z @ * 3

Fra W % e LA R AT ¢
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‘ 200m . 200m . 200m . 200m . 200m ‘

y ORTS
oCTS %‘

/

‘y%‘

oCTS %
deafnesq

e
2
=

dDATA ! AdAy

colligion

B] 3-3 D-MAC Scheme 2 Transmit in'Blocked Status Problem

3.2 F-DMAC /i %

APk I enF-MDAC ™ 12 3 »2fg i+ — B % & 3% F| ¢hDirectional RTS 2 Blocked CTS
P48 o F-DMAC o4t B> 7 U@ 22 a2 2 e Ma G2 i higix, o
‘&4 Neighbor Information Table(NIT) % {7 s & ez % » Fpt & 8.3 2 & e & GPS>
M 14 e {s M RTSCTS 4+ 11 2 378 ch DTS 4t ¢ » | ¥ 1 3 4. Deafness 14 2 Collision
fFAe TR R @A E T P e @¥ S SV INIT 404 #3581 2 Handshake

Mechanism -

3.3 Frdl4te Wi R

F-DMAC % #:% RTS~ CTS~ DATA ~ ACK &t # #74x * 9= 38 22 D-MAC Scheme 2 4p
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F ok FDMAC i3 & fhidf & B > g ® chifi > 3% o

# 3-1F-DMAC #}+# iz = ;¢

Packet Type Transmit Type
RTS dRTS, oRTS
CTS oCTS

DATA dDATA

ACK dACK

DTS dDTS

d: Directional , o: Omni-directional

3.4 Neighbor Information Table (NIT)
iz y% Circular Directional RTS/CTS[5]#7#4%.3] 3L ocation Table» = » |+ % & - 2L

Tt e GPS ehfF R T BArH v B E o Fp 0 AL F 3 [B]eh
Location Table: # i #* 723 % Neighbor D 12 2 Received Beam ¢ & X 3% & F- DMAC
HF R FEAPF 2P BEARTS/ GFS 2 F&@* Circul ar Direc
RTS/ €FI$ # i« Location Table » & ¢ 2 i £ v 5 Neighbor Information
Table(NIT) » ¥ % dkied B = > 40k 3 - 427 o
& BBt drind - £ e 7 o Neighbor ID: #7F i & /e e ] 4F & eh
g > Received Beam: &8k * selection diversity s j2 » ¥ 12 2 7 0120 5L AT e e
o o

% 3-2 F-DMAC Neighbor Information Table

Neighbor ID Received Beam
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«— N
©)

DIV ERE IR T 37

4ol 3-4 971 0§ - B E BRI H s &g iX it e PR € 4t e ¢ eh Source
ID 11 2 (& d selection diversity 2| %74s crdifc = » 24 & NIT ¢ » % 3-3 ¢ ®p 7 &8

A~B~C-~DeaNITp % o

% 3-3 Recordsof F-DMAC NIT

For nodeA
Neighbor ID Received Beam
B 3
C 3
D 2
For node B
Neighbor ID Received Beam
A 1
C 1
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For node C

Neighbor ID Received Beam
A 1
B 3
For node D
Neighbor ID Received Beam
A 2
B 3

35 ##lite 50

BRI g 2 0 AP DTS ds- Bipdldte o Aok 3 - 47 o
DTS etV L & F 22 CTS 4p F =~ 2 §_{& Frame Control # 7 Control Packet Type #§ i~
€ % Blied B2 R iodrdl4te o Duration f§Ff Rl &% kil o v & BLE 3 BLRY chpE

m, 4 % DTSpacket pi> £ % - B SIFSepE @ B~ 8 { § chipLfg-a R T 6TS

fedlEr e Ay 4~ 7 — B Frag_Duration e i+ > 4o % 3 - 5 13 -- Brag_Duration

3 & F % ok k4 Receiver/Sender ¥ T/ iE chEklate <o) o @ DatalACK = i@

e VRl IEEE802.11 4p FF -

4 3-4 Delay To Send (DTS)

Frame Control

Duration RA

FCS

4 3-5Modify Request To Send (RTS)
Frame Control Duration

RA TA

Frag_Duration | FCS

29



# 3-6 Modify Clear To Send (CTS)

Frame Control Duration RA Frag_Duration FCS

3.6 F-DM AC Handshake M echanism

# 3% 3% 4 e Handshake Mechanism # > 24 i# & % Directional RTS ;& it ~ Blocked

CTS K G A B354 KGR o G TP 2% » AL 4 2 Ap M B B 5Lt 4 g

o tors ~ Tors ™ Tak ‘tDTS/”\Fv‘JTx%@,E A A A e TR R AR
AOANt 2 - BV B A FS B S ERITR G Bl LERAPEXE B
BLEe i s Antenna #ics — R oty =t +3xIFS+t, & @i - B e Tz R

) B> min(NAV,) % 4 p 5 NAV ¢ ggeh- B2 430t o o, T4 58

Fragmentation -2 DATA 4t & & |5, % Fragmentation & & & 2 0 DATA 4+ ¢ £ &

-

Al BB EET - P B SDATA RS £ B> SN & MPDU 15 o

Food dte KRS E D BEFED RISCd PERT iR R R dte R A -

3.5.1 Directional RTS
Ak 417 - B Handshake Mechanism & f#/i-= w44 RTS 41 & #13% % g i

AL(4c®) 3-3) » B 3 - HF-DMAC i% 1% % {4 RTS #f ¢ cuf (¥ 54z o
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Get Beam from NIT

Direction
Blocked Send dRTS
v
Send dDATA |«
Y
Send dRTS
\4
Send dDATA
N Y
Y
Back-off State

B 3-5F-DMAC Handshake Mechanism (Directiona RTS)

F-DMAC &% = = |+ RTS 4+ ¢ =31 Handshake Mechanism #_p? 4 :

Step 1 § & BRI P K hite g el v Channel £.F #2201 d Rk & - #r3)
I dj%;@fj.%{%ﬁfg&ﬁ\f/il’ﬁ BEHBETHEERT P25 KR TNAV - §
GEnir | dkREF R x>%B|I EEE SOV kielFid > F 2 i ~
Step 2 -

Step 2: FENIT ? B~ 11 Receiver e02 v > 4% NI /R Re c edhwée r = 2 iz R
| EEE &0 3Vkiek:i > F 2 i8> Step3 e

Step 3: 4% /L Receiver 51w gt Block & gk P i ~» Stepd > & 2 RliE ~ Step5 e

Step 4: fx#s Back-off #84] > £ F T - w & ehigiE o

Step 5: 4ra 38 (1)'Sen g e Hmn(NAV) £F v R TR 4t B REey
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*EpF REA A Sen @8R FuEEY > mMIN(NAV) 7% & e e e
GRFEMoip- BPRREFZ Sendr@r«nRT e &2 v a i
FRENAV §iz- BEMF EFE NPT RPF T EEN 2322
RTSICTS 3t # @ 1% = Sender % # Deafness eff-2; » Fpti& » Stepb » &+ 2_ |
REip- BRRF € FEINH s 27w Sender % 4 dRTS 3¢ > 247

CTS/ DATARACK

min(NAV,) < Durationg, (1)

Step 6: Gd 258(2) > AT ot E D Amn(NAV) BFEREF 2 o a kB TR dte
hpF Y > I 4B 3 ~ RTS 3t 0 Frag Durdtion #f ¢ > 28 {8 # 1) dRTS 3¢ #
i ¥ e s dod N MRSV Rt £ R A1

Fragmentation e5= ;8 kB8 - B £ B F & 0FHdte > HFE > Sep7 o

Frag _ Duration,, = Min(NAV,) =t —t;s —3x SFS—t,

lyeou =T (Frag_ Duration,,) 3)

St e pi Receiver {3 RTS447 15 » 417 28( 4 582 2 M Aprl > ¥4 @&

# ~ CTS 4t e ehDuration ff > {3 oCTS3f# @i 113 > F & » Sep 8

Duration.g = Durationgg —ters — SIFS+ (Ant — 1)t 4)
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Step 8: Sender & % (5 i Fragment 11 dDATA 4t ¢ % Receiver - Receiver v & dACK 4t
¢ f&FE Sep9-

Step 9 EEmIn(NAV) @ S imjdics 00 A ipigd 238 (5) 5 Sender £ 7% 7 4148 chpF
FFx4 B8 » DTS#t# e Duration #f > 28 {4 dDTS#te @23 > & F
i~ Sep 10 -

Durationg g =tX(l,gm) + (ANt — -1 xt, - IFS

remain
Step 10: 42 55(6) 0 - $mIin(NAV,) £ 2w @] 2R echprFRE. 3 = pE
& e A4St ePicib deafness L2 ride i) 0 FlptiE ~ St ep F LAl

i {7 Bi# dDATA 4t& o

MIN(NAV,) < tX(l, gein) + SIFS+ 1o+ (6)
Step 11: 2 i %gsi AP ktE v o @iEadte £ R 0 1S T Pragmentation 1

REU TR BFPI NP8, F BRI FE BT R 2E DL o

IMPDU =TI (NAVmin - SFS- tack ) (7)

TG AR R i b kP F-DMAC @i % o 24t & i fe
4ol 3 -6 > § WBD BES 2L RISHE p o § LRLOR TR 77

pFE P E_E [ 3T NAV > &@ﬁ%ﬁ’r% PR L2 NAV enfim™ > 4 58D 2 58 E
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dDATA
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ORT.
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!
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L
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teessecctccsscscnns
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!
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N,

dRTS

/

oCTS
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dDATA
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dACK

dRT

k
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dDATA

dACK

TS

\\QE‘

B] 3-6 F-DMAC Small Packet Case (Directional RTS)

|$8-Be &g Cr a7 il FP & DV B> vt

200m ‘

AP E o dolf] 3 - 9T 0 Ak B TALE £ TR PP A0 NAV S 4 E e

B B Cefndin ¢t $BD ¢ S B E il B & 5 %4 T

2

§ELB &

BCeT - @AY > g T %%&D}%@ﬁ_fﬁiﬁ%ﬂ%@ﬁi—éqV Deafness i35 o ¥
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M &L D @ * Fragmentation ih N4 ok ehF A4t e & 5 A B ] 0 Fragment
#He o LHBEY - B Fragmentd HmEFes b RIS 3¢ @ o
Frag Duration f§ = » 75 {é# dRTS 4t ¢ B2 % a8 Eo #5:iF RIS 3¢ ¢ n
Frag Duration > & 2L E ¥ mivig iz - B> » 2 RTS4t#e » Flp a2 E & 0 3
BETHROPEFER > RSP U ek h CTS 317 ¢ Durdtion ff =7 » £ # oCTS
e miE N o FHED e CT S ¢ 16 { B4 5 — B Fragment 445 %
GELE FEEX# RIS TvrHh- B dACK 3¢ p&g Do & B & &
BCrinSd  #BDEENTEEZIHMAPFERT > Ry v 8485 DTS4
¢ eh Duration g =¥ > £ #-dDTS 3¢ B2 4528 Ceo § 2 C e DTS4t #
pE o ¢ kPR DTS4t# @ o Duration pFFF 3k 2 - B NAV > — & 3| &2 E 23] ¥ ¢
- & Fragment ¥ % % dACK 4t ¢ 20460 & 8.C 4 ¢ 7 - 8 CTS 3¢ » 7]

LR 0 S s i gl b
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‘ 200m . 200m . 200m . 200m . 200m ‘

y oRTS
oCTS %‘

/

A
/

dRTS

dDATA oCTS w‘

DATA
Fragement :

A

dACK dACK

y . AdDT/S
DATA

y ORTS Fragement :
oCTS oCTS

|

[
A

Ly
i

dDATA dRT
oCTS w‘

B 3-7 F-DMAC Large Packet Case (Directional RTS)

7

;

3.5.2 Blocked CTS

FEd boas o AP igd @R R ma|Er 2 DTS4¢ chi g0 7 1Y
f3A2 p M RTS# e Arig S AL o ¥ ob > APy BRIk 27 F &
f2i-7 b | ofcikT @i CTS 4t #7id & il 35 - B 3 - B F-DMAC % block s fi i
i CTS4t# chif iviiqm o
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Frag_Duration=0

and Duration
none direction > Send oCTS
blocked by CTS NAV l
Send dDTS <

Send oCTS
Duration
Back-off State | €— Send dACK >
NAV

Send dACK

& 3-8 F-DMAC Handshake Mechanism (Blocked CTS)

F-DMAC 7% Block ; it i#i¥ CTS 4+ ¢ =7 Handshake Mechanism #.p? 407 :

Step 1: § #2420 RTS4t¢ P& > ¢ Lrgnp + Channel £.F 5201 dRk @ - 4 &
BN dp R Bl% >k IEEE 802.11 0 N ki (i o F 23~
Step 2 -

Step 2: 4r% RTS4t# ¢ e Frag Duration 2 2 0> 12 2 Receiver #73k 2 NAV ¢ 3
- B EF LB CTS A % 2eh Rlie » Step3 0 F 2 Pl ~ Stepd -

Step 4: 42> 35(8) Receiver  #min(NAV,) £.F v BB Fildte B REe g

*EpF o A B Sender B Tt e cuEAE? 0 mIN(NAV) #7 ik & e AR e
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SR e ip- B E Fl L Recever # 11 CTS 4 ¢ #7i¢ = 7 Deafness
Bhom il RENAV §io- BMAGF LA nf RpF> g3 23w
1+ RTSICTS 3+ # m % = & Recelver % 4 Collision 35 » F]t & » Step 5 &
2R Aie- BEARA € FFDHE LM #701 Recealver i 11 oCTS 41 ¢

e

min(NAV,) < Durationg,g —tgs — SFS (8)

Step 5: Receiver 5d 238 ()&= Z PR P f @38 ~ CTS 3¢ < Duration
WirmeBFENY 2N QR PFT g S Amn(NAV) s fF 2o > 7 %

YeF A4t e copF > T g 3 ~ CIS ¢ «0 Frag_Duration #§ > 2 {$ # oCTS

Frag _ Duration.;s = min(NAV,) —t ;s — 2x IFS—t, (9)

Step 6: Sender 54 CTS4t# ¢ v Frag Duration > 7 5 Receiver # 123 {c F 4t ¢ eh
PR TR 2 (1 RFETBE s £ R > RS * Fragmentation e ;¢ %k
SR TR o ARG AN ( 1T D BE a2 SFHET R T BEs

~ DATA #t# ernDuration ff ¢ > X5 3 dDATA #te Bx 3 » BHFE X~ Sep7 -

lyeou = (Frag _Duration.;s) (10)

Durationy,qp, = tX(lgmin) (11)

38



Step7: ¥ Receiver £ 1c DATA 4t ¢ 5 > 54 DATA #4¢ @ s Duration> # * 255( 1 2)

gt Hmin(NAV,) £_F v+ Sender B, *TE & EFRFRE - § st
o & hgFAcSt e i) Ed > Flt i~ Slep8 - F 2 RE (7B

d ACK~# -

min(NAV,) < Duration,,ep, +tse +14 (12)
St e pgd 8N ( 138 v i fgdte o> 75 ~» A CKté  Duration =7 >
Rig#dACK e 0 -2~ St ep 9

Duration,., = min(NAV,) —t,. —t; (13)

Step 9: 4+ pEmIn(NAV,) = igis|fic 5 00 4 P i d 434 (14) 3+ 5 ) Receiver & i % 4148

epFE T4 B3~ DTS 4t+# ehDuration #f = » X {83 dDTS4t# iz 14 >

EFiEr Sepl0-

Durationy,¢ = Duration, o, + (Ant—S1-1)xt, —SFS (14)

Step 10: Sender #4c 3] ACK 4f¢ » Fi5d 258 ( 135 HFR4te chE R > T

Fragmentation & {7+ &) » 2R {41 % 238 14 @3 » DATA ¢ 5 Duration #f ¢ >

Rist DATA s B 13 R Fr ISt ep AEL L T4 = 2%
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lyeou =T (Duration,., ) (15)
Tom A e b kP F-DMAC & Block bk ik @ik CTS 3t ¢ g 42

A7 fiH 3 - B deafness & AL 1T AL AP LU BRI R chE Bk G 2
Erenikgy o FATTRL U B P L R EY R BEPFELE AR
DTS kg dpiff chaf 4 > § AT @EPFA S p o & it 70 ol 3 @ e 1 1B
B NAZ ERERG L AEFEY i W F]P A & B AT o oK) 3-9 41T o
3 OB CII &g DHRISHS &> &8 CERT- B NAV ke &g D i gy
PERF o4 2B RTS4e X8 Cp> 2 C ¢t 4 RTS## ¢ & Duration .7
w2 w2k e NAV 4 A Duration o) 3t NAV iR ™ » 4 § 8B 2§ 8L Cig—
BATERL A R FI SR DL EREDL 7Y HBH U FRCEBEOCTS

He e B 2 BV B BETHLESLECT -

‘ 200m . 200m l 200m . 200m . 200m ‘

kﬁ§>/ ORTS
oCTS \\\4%253\‘

/

y%‘

dDATA

A

dDATA

dACK

| RIS ——ors

|

oo

/

B 3-9 F-DMAC Small Packet Case (Blocked CTS)
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A F e 4eBl 3 - ¥16 0 F Duration + >t NAV e /m™ » 8. D &2 & 8L E e
- BREY AN EV FRBE SR CE- BT AEE S 2L o 4of) 33 47
g0 ek EgD R FAE BT RS 28D X023 RTS4e > 2t

PrE gk B EEL Coand g Ak 0 FUt g F RS2 o 4§ 8 C A CTS

e

té 2w gAY E L e B BEFHRAPER > ¥ s h CTS 447 ¢ o
Frag Duration ## i+ » Xt % oCTH?® B3 &2 B-3#%E CT St ¢ o
Frag_Duration- & 2k B i¢ * Fragmentation 177 ;%3 n k enFfldte & 55 B ) o
Fragment 31¢ » ¥ #-@ ¥ $]4 DA T & & chpF B % & & Fragment < Duration 1§ =
PR BERERCe F B CRLITEHI G frh- BdACKS R E R

c P EFHEED B HELE I AR > HEEB EH N2 R WM R
T %4kt DTS 44 ¢ ¢h Duration e ® » £ #-dDTSH4t¢ B L&D & $ 8D Jc
7| DTS 4t# pF > ¢ iz DTS 4t# ¥ e Duration B 3k 2 - % NAV > - & 3| & 2. C

FleF| ¥ b - B Fragment v | dACK 3¢ 218 > 2D 4 ¢ 17 - i RTS 4

oo FLT UL S R ) o
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Bl 3-10 F-DMAC Large Packet Case (Blocked CTS)
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¥ 2= % PCF-DMAC
&P CF - DMACH 1% 4] @i 5 e 58k 5 2w P af & en@ fieds
HBE3wikb| ofcRke c el E My Birdl# Fa3 w2 CT S 8Sender
éSenﬂfReceéﬁ&%%@%@,gf?ﬁf]ﬁg#&ﬂi%‘*%%:&oz@,di?;}_@_&f
e bl ok CT $te » AaP g2 miEfHiA, > F AP PCF- DMAC
#4171 DTS(Del a#¢ k@i SeBMYP- LT o T &APEHPCF- DMAC

F R i A

41 KFHEZE

% F-DMAC ¥ » 4rBl 41477 » g é&@sBe g Ceriap 8Dy &g
E 36 g 420c| &8 CHRTS 4 & » K{SH-g ¢t & block et fi o &2 D i 42
v RTSL & ER > §8EX 72 ¢ R CTS# e &% D> 75 &8 E A& 8D
¢ gk block 70 #rr g S E gD ¢ - B RT $te ohiFa) - Flpt F- DMAC

FAT T R Y g o
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‘ 200m ‘ 200m .100m .100m . 100m‘

oRT RTS

/

oCT —~CTS

/
/]
/]

dDATA
RTS

\; /
0

) F-DMAC Decrease Spatial Reuse Problem

YeBl 4 -927 > RFEBHEBREL G iR s g w L CTS e > FlL 45 @
FEER e pCTS4té £ 7 ¢ &2 § 2B % N gipDatasf & 3 4 pidi - L2 @ kehE
§ 8B & H e C o g (4 d W & Bk EenpCTS#4¢ » &8 C 532 F fcF)
G2 CH X TNAV . § §BBEFECEFT- A ap  $8C¢3 1

23t CTSHe »d W FBDESFLESHE AT ALK F ¢ g Eg4

Zoo grd ¥ k4 e pLdE AR AT o



‘ 200m I 200m || 100m 7 100m T 100m

/

oCT —QCTS|
\
PDATA
\

pA

oCT —CTS|

pCTS | ——u

A
I

PDATA

‘| collision

pDATA

&

pAC

B F-DMAC Power Control Directional CTS Problem

4.2 PCF-DMAC % %

A e PCF-MDAC # 11§ »2f3 - 41| P2 B * 5 72 B 0k 4 - PCF-DMAC
hite WP TR 23 e e ds e ez fE kb
% d Neighbor Information Table(NIT) % & fo& 8ei= % 12 2 Power Level » ]t &
2.7 Z L ped GPS» @ i3 :xts en RTS~ CTS3te 2 37 «n DTS 4t# > PIF U4
Deafness 2 2 Collision s1#2) o T 5 F & A0 € F il e @32 5%~ NIT ~ 45241
3t & #2582 2 Handshake Mechanism -

45



43 #r4lste BiEo R
PCF-DMAC & i#:¥ RTS~ DATA ~ ACK 3t #r4 * e ;822 F-DMAC 4p F » CTS 3¢

& @i NG R ko0 & 41 5 PCF-DMAC toidif & fidte P o srgi ¥ chih i =

}’\:o

# PCF-DMAC #t# i#i% = 5%
Packet Type Transmit Type
RTS dRTS, oRTS
CTS oCTS, pCTS
DATA pDATA
ACK PACK
DTS dDTS
D: Directional , o: Omni-directional, p: Power Control + Dir

4.4 Neighbor InformationTable (NITF)
& PCF-DMAC # » @i B § # Ffrdlen= v lbdfe > A7 & oo P42 0

2R o] @i P o werpt s At F-DMAC s NIT ke 4588 B & gheniz &
TR AT - B R e SR E S Power Level 0 4% 4 -#27 - @m Power gl evel

PE N plER [ 149428 (15) (16) (17) -

4 4-2 PCF-DMAC Neighbor Information Table
Neighbor 1D Received Beam Power Level

A
P =P
r t(472'd) 0:9; (15)
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Poin = P(47%')n 9.9, (16)
P=PP, /P (17)
A Carrier wavelength O Distance between transmitter and receiver I Path loss
coefficient 9,/ 0, Antenna gain of transmitter and receiver R Transmit power

Pr Receive power Pmin Smallest possible power level that nodes can receive

P Adjusted transmit power

Bl 4-3 7 X Wi ix g b

doBl 43977 0 F - BE BRI E b S B it pFo § K3t e ¢ ch SourcelD
Bl w2 5 d (15)(16)(17) 13+ & 2 14 ch Power Level £ 42 NIT ¥ » £ 437 #®

PoggeA~B-~C-~DeNITpH % o

% 4-3 Records of PCF-DMAC NIT

For node A

Neighbor ID Received Beam Power Level

B 3 0.2818
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C 3 0.1214
D 2 0.0912
For node B
Neighbor ID Received Beam Power Level
A 1 0.2818
C 1 0.1124
D 1 0.2818
For node C
Neighbor ID Received Beam Power Level
A 1 0.1214
B 3 0.1124
For node D
Neighbor ID Received Beam Power Level
A 2 0.0912
B 3 0.2818

4.5 PCF-DMAC Handshake M echanism
& PCF-DMAC ig- i = % ¢ &®#i¥ RIS~ DATA & ACK #f¢ i 55

F-DMAC Apfr o fe § i CTSPER|§ 4% b o fupt = 248 CTS ¥ 11548 2 = & 11
2 prgle Fent s %A 6 8k §i%5 H 4 - APCF-DMAC i% 9 CTS #f¢ oud (v

AR o
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Direction

Frag_Duration

Blocked > Y Send pCTS
NAV
Send dDTS <
E-DMAC Send pCTS l
v Frag_Duration
Send pACK >
NAV

v

Back-off State <

Send pACK

B 4-4 PCF-DMAC Handshake M echanism

PCF-DMAC 7 Block sk f5 ™ @i = d] a4 Fens w4 CTS 3t ¢ Handshake Mechanism

HP 4o T

Step 1. § & 2L424c P RTS4f¢ pF > ¢/aaap & Channel £.F §0 1 dk@ - ¢ &8
v dpR R x>EEB|I EEE 802N kEek7id s F 2 & » Step2-

Step 2: 4% i Sender 7 i 5 AL Block Ao R~ Step 30 F 2 BliE~ Step 4o

Step 3: @ * F-DMAC % Block ;: ig @ % CTS 7 Handshake #%+41 -

Step 4: 4o 54(8) Receiver t Hmin(NAV,) 2.7 v BB FAldte Eprh REe§
&2 pF o 4 A Sender i T chEAZY o MIN(NAV) 718 & i 4L e
G M- BEME F L Receiver # 11 pCTS 4t ¢ #1ig = o Deafness
Bhmind HANAV  §i5- BR®RG L XA nhg kpFr 3023 %

¥ RTSICTS 4+ ¢ @ 1% = & Receiver 3 4 Collision 35 » F]ti& » Step5- &
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2R Aie- BEAA € F P @M 271 Receiver i 1 pCTS 3¢ >
BT o
Step 5 f1* 258( QP T ezt E S Amin(NAV) shpF 2 oo T O R T AL 4

¢ enpER > T4 @3~ CTS 4+ ¢ e Frag Duration i+ > 78 4= pCTS 41 # @

Step 6: Sender (¢ CTS4t# ¢ < Frag_Duration - ¥ 4+ Receiver ¥ 143 4c Tl 4@
PR TR 281 RFEFBEaodts £ R RS Fragmentation £
AR BT o RGP SN 1RGN BE B2 B LTI D
pERY > H-E3E ~ DATA 4+ ¢ e Duration #f 2@ » 7818 3 pDATA #t¢ @:ix 014 >
BFE~ Sep7-
Sep 7: § Recever £4c DATA 4t (s 15 d DATA 7 ¢ ¢ Duration> 2 * 235( 1 2)
kit min(NAV) 272 Sen @&l . g & mie. 3 A+
o d A g ArSt eqpaidd g4 o F i~ Step8r K 2 PR B iE o

St e ped 8N ( 1385 ¥ a4t e > ¥ 8 » ACK 4t ¢ ¢ Duration f§ = ¢ >

s #-pACK 3¢ ¥ 0 » i~ St ep 9

Step 9: ¢t FEFEmMIN(NAV,) & sl s 00 A ipigd o 58(14) 3+ 5 1 Receiver £ /% 7§18
pFERF s mE o~ DT $t& ehDuration f = » #X {83 pDTS4te @ 113
EFit» Sepl0-

Step 10: Sender #&4c 3] ACK 4t > gd o34 ( 1359 Fldte chh & > T
Fragmentation i {77 2] » 2Rt 4% 2 38( 1343 # » DA T # ¢ - Duration
Wi ¥k pDATA#4¢ Wiz 14 > w5 St epr BAEE 8 Pl F L4 ¢

v v
>ED G

g
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TG SR F v chip 6] kP PCF-DMAC % Block j fi @ i CTS #f ¢ i fz

P RABR L  F g dl s ik CTS #¢ 1% KRR A AR
F-DMAC ¥ 53f i gidi % o B 4-5 5 0] » & 8L E e & 8 CchoCTS 41#¢ 4 » &
BEf - B NAV K& H 8 Cnliprm o § 93D &2 5 2 RTSH& %4
BLER I E ¢4 & RTS4é ¢ chDuration 2.7+ 2 % % . NAV + > & Duration

1 NAV el T o 8 4 68 D 2 8L E i

!

BATERL L 7§ WP E BB 2 &

BC R Bii7? chi@fy I HBE § @ENEH S CT 8te HERDs 2

BEEBEDIT RSB ETRELEEET o

® 200m ‘W‘lOOmH

100m T 100m

ORT RTS

oCT %

/

drRTS

pCTS
pDATA

j
[y
/

PDATA :

[

pAC

oCT @

pACK

|

/

pDATA

/
ATD
/

esescscccne

PDATA :

pAC

[

pPACK

|

® 4-5PCF-DMAC Small Packet Case
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JpF 1o 4oBl 4 - 965 0 Duration + > NAV chfR ™ » &85 B & & 8 C thid
- BeFe A e B D 2 FEEE- BATHAERE S RS o 4oR] 314 47
Fodrk R BB RSB SR CEF 23 2 CTS e »

B D RSB E Iy AR T fFAEE L o TS B E A CTS

e

ez gAY LFER D BEFTROPEF > Fes i CTS #e 7 o
Frag Duration f§ = » A5 3% pCTH¢ B L& 2% Do % CTSH ¢ ¢ h
Frag_Du&2zab # ® Rragmentation 77 83 R kT fldte & 55 B o
Fragment 3¢ » ¥ #- B FI4 DAT AR @R & Fr agm®nt aff ito-n
LPBELEERE @R ERIINFTHEHeE ) v h-BPpACKe L5 D-
PRESBEBESECTING L #EBD LT L EZHEMOERT > RSk v R
&% DTS 3t # e Duration #f ¢ > £ #dDTS ¥ ¢ #2458 Co ¢ &8 C ¥
DTS 4t¢ p# > ¢ ke DTS 4t e ¢ eaDuration P 3k < - B NAV > - & 3| & 8L E 4%
Yo 3| ¥ ¢b~ % Fragment i i% 1) pACK 4t 2 (&2 C 4 g 7 - B CTS#+# >

T T L 3 e AR ) o
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B 4-6 PCF-DMAC Large Packet Case
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pDATA i
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1% PRI
5.1 KRR

AP S B R e 3 kA 452 P Sr4 ) eh F-DMAC #2 PCF-DMAC i 3t

-
o\~

Fh R o AT AR S £ 7 A FSMLI[18] L sz F - JSm E - B JavaiE
A# 4 UIUC g Bz 2T EmbiFs o AR w0 [5]¢ “r# Do
D-MAC Scheme 2 12 % 2% ¢ #74% i ch F-DMAC 2 2 PCF-DMAC » # % 1 & & & w i
A0 A AR AL AFIRT U S AT 0 HF RS A Multi-hop 12 2
Mesh Network fi-i% ™ o S % » b {8 24 i & 2507250 %3 7 I prit 7 5 B @
T gz PCE-DMAC so»zit 23 « 4% VBR dun 8N kA4 g » ¥ #
Poisson » fiz k & 4 T 2& & % 1460 bytes satfs = i Traffic < £ 5 1500K bps

H v $¥cicd 51

# 5-1.Simulation % #c

Parameter Value
Transmission range 250m
Transport layer protocol TCP ~ UDP
Avg. Packet Size 1460 Bytes
Bandwidth 2MB/s
Simulation time 900sec
Queue Size 40
(Congestion Window)CWmin | O
(Congestion Window)CWmax | 1023
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521 & AR

- BA A d 9 TCP Packet £ & w R TCP-ACK 4t & » Fpb s fpogr #
UDP Packet  5d A AfFimen@ s - ¥ LR R ¥ > v 1% Renipgh 2 H g B
e F Lo 4o

i BRA{CODA Bl R 5 L Aoy ?E”EE

".‘"_“l\ “\
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4 558 BApk = b e 3 b pEHond U E B %

(Kbps)
Conn. 802.11 F-DMAC PCF-DMAC
A>B 622 611 692
C>D 625 602 789
Total 1247 1213 1481
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5.2.3 Mesh Network /=
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% 5-7Mesh5 B 8 F 55 % (Kbps)
Conn. 802.11 D-MAC 1 D-MAC 2 F-DMAC
0>4 159 149 185 191
529 90 88 88 127
1014 25 107 109 146
15->19 87 83 82 122
20224 158 147 177 197
Total 519 574 641 783
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