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ABSTRACT

Data collision in LR-WPAN(Low Rate Wireless Personal Area Network) causes retransmission of which
energy consumption may reduce life of the entire network. Furthermore LR-WPAN is very sensitive to collision
as it has relatively fewer frequencies of backoff retries. LCS(Limited Contention Scheme) suggested in this study
is a way to transmit data by certain groups of the total nodes so that it can reduce possibilities of data collision
and retransmission by decreasing the number of competing nodes. As a result LCS can increase a throughput
and the life of the entire network. As using LCS in designing LR-WPAN in the future can extend battery life,

LCS can be useful in any application that requires low energy consumption.

I.M 2 oldd  frulFEl~ 3Ael AHgs 7]l

LR-WPANo]tH'? ¢]i= IEEE 802.15 WG(Working

Ao Aps]ellA frlgE 2 2 HSS AR Group)ell 4] A3 FALC. =4 2k WS dfellA
I gler. & UEYam, dAxde], WUy w3t T4 AAE agss Folo| zgtsly A3
T A fulFE 2z T)ee] H8H Fokes 1A 71 wiEE] s Algshy] wiel A
theFaict. 53] felviebe} 3lo] 2y AwFAl A5l Al AAAQ FA delE BAS AlFd
et g WA FAFENE 7 detellAe & % 9o}, LR-WPANe©| t}eFdl $-giofel] F&
VES = abgde] 2 WA 7S /A Slvh Ao Ag=r] feide 2 A A er &

* glofdstal 7FE]Fstat A REAl <174 (shko@commlab.hanyang.ac.kr), ** gHJo|Stal (jklee @ commlab.hanyang.ac.kr)
=EH S KICS2007-12-554, A5UAk 12007 129 18, HF=wATUAt : 2008 44 24

310

www.dbpia.co.kr



= /LR-WPAN©I M 355 F0]7] 1% A4 714

LA ES 7P AL slek 25l shrt HlelE 9
Z%o]t}. LR-WPAN©|4 CSMA/CA (Carrier
Sense Multiple Access with Collision Avoidance)
7S o83t Adell A3kl backoff ¥
dEe AMgsld FES HNT 4 AN
HNC(Hidden Node Collision)ol| tjalrE FFT
Aol AgE 8ol glok AA vEAFAA
sz FES 703%~99.7%7F HNCe|™, o]+=
7 wee) dux] anlE ZAA =g
We FEAHY Aeksls LosE 25 2
3} uﬂoh—:u AREE Folv] glaje] mrjujo]
of 521 w=5e 2FoR e At of
l iE-‘é—PJ dole] F= &3 AAdE 3
2 5 Al Elol AA MES =] aHE
T s Zlolvh =3 EielAle 1%
el 7]s$e] % GTS(Guaranteed Time
o B8 APl A st sl
o ergal el T DAL
LR-WPAN?| 73 x5} dlole] AEaA el of
sl Adwsla, HNC 2 HNCE s123sh7] 913}
AltEl | 71l date] Awgch Mgelr=
A gk LCSell tafjx Arsie] N S=
A AN Al 71sd W8} Lese
o BlaL Frigteh vpA ko 2 VA= =
AEE etk

o ofN )y KU T ox —{> _|
i 0
oy &

«
Q
&
r—{mﬂﬂ

e

A o.>.:ru
e

o
mlo

I. LR-WPAN

LR-WPAN A &2] A7}, A8 sxe] 44
= 7P, 2418 T84l AHEEh MBS =
Fdoll f1A5kaL 9l Zr]vle|El= WPAN W
A 9= Jem S MENZ 1719 B3, v
Ef=z ~ Hﬂx} o 2 AR 23hE o]
= ]x* o7 HBrisE
Apo1e] T2k 4ol
olg}a s} Active :rLZ}J’} Inactive T2t 22 1
t}h Active T73H CSMA/CA 7198 %3] Ho]
E] %Ale] o]Fo]z]&= CAP(Contention Access
Period) 77} A A17F dlo]el 9} 2+2 QoS7} XA
Fefof 3= dlo]e]E $]8F CFP(Contention Free
Period) 7-7t2 2 vH Al Ho) 79z 7719
Zo]+= BO(Beacon Order)gtell 2Jste] A =o,
SO(Superframe Order)= 73 Z#| Y]] Active -
7ke] Heolof dgkg Frh 1L k=v| ZY|
olEfoll A dHlolElE AFdte IS HF 3l

‘ Coordinator |
Data
backoff ~ CCA 4 Ty
‘ Node |

32 1. Es) FdelElR dlelelE Adai 3
Fig. 1. Process that transmit data from node to coordinator

O

t}. WPAN Ul¥-ol Q& ==52 CAPT7 54t
glolele] £A1S 9lste] CCA(Clear Channel
Assessment) A2 38 T Ade] A}lgo -
feich, Ado] the wse) dloje A5
3 A1 4= 91 A% backoff dE]ES
stof dlole]e] FE2 3|9t} AdE AHE-3
W= 7% Frfdlelel oA dlele S s
3, Ztjv|e]E]+= FCS(Frame Check Sequence)
3 o2 7F globd ack ZE|dS At A
o7 FABES EddA IRk

WPAN Wj-of] Sl 2 k=52 FHvlely
o AEH 9] Hell sIAIRE 2729} o] 7F k=5
= Apale] AE W whel e ‘:H“": EE keSO
Az 7 & 5 Yl feole] mevt
ANA wlolelE At ol& o, AEHS v o
£ xx7} IodeleldA dolelE AHEd A5
dle]e| 2] F5o] WAsHA =w o] & HNC=hL g
o} IRWPAN®| F - iAlollA]= RTS/CTS(Request
To Send/Clear To Send)®} 22 539 7 &
AHE-EEA] 947] wiitell HNCoF 3-8 AdatelAe] &
25 Fol/] 2 AT A% A= ek

2l HNCE Zo]7] 93 Algksl 7HES A
HEH WPAN Yol gl rE=Fo] UEHaE
7443171 Aell polling A& 53+ hidden 7|
% vle) spebdt ¥ mollelelsh 7 wEEw
B AR5 Fisjel 288 d4shs Aol

S =
T
).
=

J&m}‘ujﬂl—%oﬁ’ér

il

2| 2. HNC #AA3
Fig. 2. HNC occurrence situation

www.dbpia.co.kr



71719 AAZ A4S R 3k 9= LR-
WPANOM% CAP:rLZ} Zol CSMA/CA 713}
2] Fpale] o] Foiz|a
ek E}Xl& 31%%%1 1A= dolele] F44lA
w3 gle 2ol Wik dFel

RTS/CTS®} e =58 Fol7] S8 7|H= A}

Q
Q
>
o
Zi
tlo
_\.L
4
E
o o

a‘lﬁ}ﬂl 7] wiel FEI AHFoR g E

83 oyA] w7t AEHA "ok w3 2F
THOM AHE3L3 9l CSMA/CA 7]H§% Eq)
o] F& Ao E FE3h AHEE = A

@ Eddel %o BAULE BaHel ot
upEba] Al CSMA/CA 71E fAE A
Eejme] £ BANE AEAO A8 >
Sl LCs7h Baseh & =iellA Alksta <)
£ LCSE CSMA/CA®} TDMA (Time Division
Multiple Access) 7119 SAES 7FA2 9l¢]
WPAN W49 =58 2522 Yvr §F 1%
dolelE sl o]

of ¥3H ko
73 At

3.1 OEY dlolg ©&

Aokl 714 A EE2AE 7PE3la ¢
t}. FZojdlo|HE WPAN Yo 9lE k=Eo|
A F71H 22 v|E ZHS HRE|AE s,
FeEe 7k 8 HAAE o]g3te] Zridle]
HelA 555 8Ag) o] F 53 Fjvlolel+=

AR A 55 A% x=E9 FAE 4A
F a1, ARAle] 7FA] a2 9l slave tableol] =52
ARE 7|5l Zodlele = 153 S A
2] slave tableol] 7]Z2Eo] 9l x5S 1F°
2 Usr ¥ dojelE AHES 5 A gl =
e 1F o s P | A fezdsd 77
S hrth 2338 AA REES aFo® U
o] AF3tr] S8k 41 A T e
rkEFo] I3 I4= S0 BO9| = w7l
. "9k} WPAN el N7H9] =S dlo]g]
= ¥ui7] $18te] SO=BO=6 T-7tellx] AAS &
ol N2el =58 77 SO=BO=531 ZHol&
Zhe ke el AAE 4 les 153t 3

v

CAP

cap CAP

J% 3. WPAN AAx=Ee] 153}
Fig. 3. Grouping of competition nodes in WPAN

BCOYIOIE g‘ @

5]

b
In
5]

b
In
®

H
In
o

I
il

D

J% 4. LR-WPANeI|49] &
Fig. 4. Collision in LR-WPAN

FtjvlelE]7} Fr|H o2 HREs|AvsEe H]
Z =] He F4EZ(address list)oll= 54
A F47} 16-bit short #-E] 64-bit long FA7}4]
A7) FPaheh. ol ol &ekel eldlolEl

FHz 7 :va—oﬂ 23} wrol Z4E 7343} ]

Tz AFdch v ZHgde A e
rEES ZW«I Fark v Hﬂ el 23]
3L, AEF deleE 7hAaL slekd ASE A
2Haet. wbek zalel 4t Hl* zZH el £
so] A debd ok vl ZHgle] =3 o
7HA] w718k

7 4oM k= A dlolHE FARE] A$st
A =e] FZrdlo]E el A ack wHAAE WA =X
W k= Be C HolE] AHEHACNAM TdT
backoff slot2 A1®3}e] contention FE°] A3}
= 7A$ola, =& C2} D+ hidden Aol ¢17]
w3l tﬂ"]T‘ﬂ—J o] WA o} n=5%
aF°% s w hidden ¥AE zsle] e

www.dbpia.co.kr



=4 | LR-WPANel| A $5& Zo]7] $1 A4 714

Aol olr] ulitel] ZH4NMAZ FEo] W
g 5 otk aF3t AAHE A o]
contention % hidden =% A FES IE

e,

o

‘l)‘ oo

3.2 tESe| OF%t oHY

F= AAE EA= WPAN W-o] =58
IFR Uw F 2FHE dolHE A 4%
A A 5 UX T FET AF ] HA
3] REE skl sl AdsA = Sk o
5 ol ] T3 TS U Fd
754 w#sle] WPAN W3¢ r=E58
2% vm A ot 3R AR wE)

-

=

E 1. 258 el Agss sl

Table 1. Parameter used at grouping process

Symbol Parameter
N | A e 4
m sl 5
HECE T

z byte Hlo]E]S] Aol A H-E] ack HA|A]<]
FAA] A= Azt
Tiwolz) | x byte HoJElE AFsh=t] Hel= A7
. dHlole] A4 3 ack WAXS FA18R=H]

wait ack q]7]5]»‘_1____ A]Z}
T, | ack ¥IAIAE FAlsk=d] del+ Azt

¥ 1slot = 3x25°UBPs, 1UBPs = 320us

T, (z)

];7' (I) = ]:iata (I) + Tz‘cait ack + j—;ck‘ (1)

16 x 3% 259 %320 .

— s T < 9=y :=0,1,2....
16% 7 () <=2"=m k=0,1,2 2)

GTS= AAIZE dlolEe} 2 Qoss AT
7] S1sA shgE Wk o} v SRE ARE
2 4 glojof gt} hidden¥AIR <Qlale] FEo]

=

3] L Asle =2 GTSe d3sE & 9l
o w2 A AL 2Y F g Aotk &
GTSE 4417k dlolel2] QoS ¥at ofvzl A
FEES fste] AR E AN § Qe
Tro R 8= 4 glefok gl Iz dul ¢

slot®] Z7]+= SO} BO2| kel o|sfe] ws}= o,
rvb AFsts dlolele] Z7]el wet et
T e xro £ Agkee] gtk 1579 5
AR o el AEHE

o
=
AL Fol7] Slste] dF 5HE=E GTSe &

7 JbeslEs aEsdch Hd 7Y ko)
GTSell =] falAd= AN dHeoleE
HFstar Zojvole]olA] ack HIAAE HEE=
AZH( )0l HAgk g GTS WellA] o|fxe} gt
o} =z AS 16709 F53) sloto 2 TAH
7] Wl Al MHE A =Y FE
UHEFeREAN 257 7F 7 F otk

N

>

S—n>s 3
| n=8

" { k=i =41 otherwise @)

ez qle] Aolst mlE T2k Heli= SO
2tBO2| kel 9l3f 29| A=z F7F 2 3
7] wiel 15 $= vErA R 29] 253
efe] 2545 7RItk & GTsHell dlele F4+
Ale] gkzd A 2 77 A=t stk
webd] WPAN -9 k=58 IF°% v
A5 A)lAA"E 24 5] k= a4 8
N oelde® FAE = oAl aeddeh wkef aF
3k & bl e Lol HT =9 vt
87 miwte g FAHch BE kE=E GTSOl &
FE = 9l7] vl CAPTAE dielxe] AA
o] ¥4 =, FFEAMNA Holsta sl
CSMA/CA®] AZHAell of5tupA] =t welA]
A@elAA" 271gke] 09l g 157HA71=
S HbEste] b a5e] 2= St 24 8ol
oo 7 & =S 29 ALHHE 7kl
IEFE AR

= 2Pl g ®)

S0%} BO9| 2 ZEwAlel A= A= 0
<SO<BO<14% ul=n, LulZ dlo|e]o] A%
skl Ayl A3 24 252 BOgroup %t

00]7Fo] =lofof Fhrh

rlo afo

[EJ =a, N=am+b ©6)
m

WPAN WjF-ol] EAfjshs mE=o] = o
gom, 7 a5l &3 == vt ¢ EF
A AR e ol A AR o8-8t
o AAxEE mfe] 2FeR ARl a5 <
of &3 o] = oh2A gk arle] xx9
T2 7HE 279 v mbAl, ar1e] eEe
5 7P 2% 7 vt Hes A E

1A

Ml o

3|

-

313

www.dbpia.co.kr



24153 =5-2] °08-05 Vol. 33 No. 5

3.3 Clo|E| NMEA| WMsh= drop ¥ &&=

a7 5ol dlolele] AE Foll WA 5
Q& dropd}t FEAMES HolFx gl drop>
EFEA A Aot o= AHE 35 33
2373 735-9} backoff AAE 3l57) 5315 =7
slods 735 WAEH, dHolE FELS xTE
gk backoff slot A1&)3te] dlo|e|E AE3}
7% WISl contention 53} Hlo|E]e] A
S5 AR sl MASkE hidden &
o] gt} dHlolg] FEo] WA S AFel ==

fr ot o -|—'

£ ZuolEelA ack WAIAE AEA Fal
of dleolelE ARFHA HAW A%H FEol
WA delel) A Eow ol

F

ol-)

S5} AFE Fol7] 0% s1el GTsel
so] G wak sPssich wef 359 A EelE
2785 Agel AN == S hidden T
Aol the f9zeg) o)
CRP 4] GTSE Wl 4 vk %, %
_Ei
=

,,
?:
N
N
J
}.
-,
O
{r
-
l
i

1 ufd

<

=1}
%‘%H A =¥ C P%L{P ‘41°ﬂ/<1 tﬂ e =3t
% oA =l oA aml=

NAE 357t & =
% 7443 Aol

Mo Ackd
Retry count + 1
Bugress|

Transmit 47 CCA —

HNC Busy Retry count >3 B
—
o Ack/ P
Retey count +1
[ ]
CCABusy

Ho Ack/
Retry count +1
Bugress

MaxBE MaxBE
Transmit 4— CCA — e 2-24— 241

R t >3
No dck/ ey coun m
Retry count +1 M NB >3

Contention Collision :
;
HiddenNode Collision. |
;
- Packet denp |

T2 5. Drop ¥ F& WA
Fig. 5. Drop and collision occurrence process

314

FollAl Aelstar 9l
LHJQ‘** ]“]'OE A= }oﬂ on A% Yoz
7] 98te] ool 7MAHES FaL NS-2 A
Holde EdA EBAsgk A, =S
gk Agwgls 7 ok A, =52
TH7} £% WPAN |2 o] §shA i, &
o glew Aoz FAldc A, x:=F
ole] =7 AlA] ©lolEle] A UAF =
712 ZAANAL. A, 255 7AE =79
dlelel 5 Hd WAE(N)S Z= Poisson HER
HEA i)

10 o oXx off mn I ¢
o
o
N
B
T

E 2. 4% 7F skvlE
Table 2. parameter of simulation

Attribute Value
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Beacon frame size 0.96 ms
Transmission range 13 m
Number of node 50, 100
Data frame size 50 byte
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