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ABSTRACT

The proposed LDS(Link-status Dependent Scheduling) algorithm in HR-WPAN(High Rate-Wireless Personal
Area Network) up to now aims at doing only throughput elevation of the whole network, when the crucial
device is connected with worst-link relatively, throughput of this device becomes aggravation. The proposed the
WGS(Worst-case Guaranteed Scheduling) algorithm in this paper guarantees throughput of the device which is
connected with worst-link in a certain degree as maintaining throughput of all devices identically even if a
link-status changes, decreases delay of the whole network more than current LDS algorithm. Therefore proposed
WGS algorithm in this paper will be useful in case of guaranteeing throughput of a device which is connected

worst-link in a certain degree in a design of HR-WPAN hereafter.

I.ME 53] el 54 =HEv)e] Bget tlEe] HEE|Y

o] AMu|zol] gt AEAFe] F7ERE oy A

A AAF e A Bl wole] &3 AA o] w&st H nFASLE 7Hke R ke At
© 2 WLAN(Wireless Local Area Network)¥} E9T F3o W FAle] AEEw g oo
WPAN(Wireless Personal Network)5-2] 712 w2} 802.15 WG(Working Group)ollA& &A1 F
Al FAlgel] digh At A Ae] 7143 = 9l A BAelA aate vIESZE FASa HolEE
o} e W QFE F2ATR Fsla gl Agsh] gl ®F FASE IEEE  802.15.1

* ghoffista #5733 A 2841 74 (jmkim @commlab.hanyang.ac.kr),
*# ghoJr}| 8}l (jklee @ commlab.hanyang.ac.kr)
=W F CKICS2007-03-146, AUzl 120034 349 249, FHEI=EAeds) 20079 59 10

210

www.dbpia.co.kr



=1 | HR-WPANS- $]&F Worst-case Guaranteed Scheduling Algorithm

Bluetooth, IEEE 802.15.3 HR-WPAN, IEEE
802.15.4 LR-WPAN(Low Rate-WPAN)-2- HF3E3}9]
458 g8} HR-WPAN I3 FAols fr9]=
# % (superframe) 2] CTAP(Channel Time Allocation
Period)®] 2AE Wl dlsiy 7|E=A] ke
U CTAPE #8240 &gsly ~AZFe =
L v Fased,

AA7kA] AHA HES =S HElE S Sl
tluje]2~9] linkJelE o]43F LDS dareige] Al
okElgdr}y. zElv E2 linke] GAE tulo]ae
we 429 TU(Time Unit)S 3w A Fo] Ag
o] FAE AL U finkel] A= tlujelak
Ao g 2L o] TUE g | =o] 22
2 U8 vppR]A =l ofepa] B linkel] 94
=l tinle]rr) AiH R Fag tiuje]lad A4,
1 tule] o] AHE|g- t]S: o3} vk

E =M= link Ae)r) wisitlEls 7E
Hlo]2o] Helds FUM FAIFEEH, worst-
linkell 74 tiule]~9] X245 BABIE A
U ESZ9] A|d2 7|8 LDS dae|FHo}t 74
A 4 9lE WGS daEEE Algksksich

e o el Al OAelA=
HR-WPAN¥] o]3llE 57| ¢l HR-WPAN?] 7]&
T, R, Ad AT ZaE Sl disiA A
ghel. MPelx= Ax71A] Akl LDS &are] el
daid  Awsly, VAdME EToA Al
WGS dare]Zel wfslix] Adwgicl. VAol LDS
de]EI WGS daEEe] A vl gt
ok PR Vil =R AE2-S el

I. HR-WPAN

HR-WPAN-> 2.4GHz2] ISM(Industrial ~Scientific
Medical) bandE AREsh= 10m W dlellx] A=
AL gAlela ol g Y tule]~Fe] A
2 A4S ] S8 ot #4933 k= PNC
(Piconet Coordinator)& 422 P2P(Peer to Peer)
R L o R
SEA=Y

7 Z(Piconet)®] A7t F713= ol z#E|del=}
= TR o]FolH glow, 7} =yl vlE
(beacon)17F2 2 A]2}3l] CAP(Contention Access
Period), CTAPE FA=]e] glch. PNCE H]E 74t
= 53 Iz WY A7 5713 AlEEkaL QoS
Q7 A Ak v AT A|o(access control)S-

DEV -2 PNC DEV -3

Resofirce
availfible

ssssssssssss

Imm —ACK

Bulld
beaton

ith DEV -2
Requested btream CTA

a8 1. ARE) GRS S A A A
Fig 1. MSC(Message Sequence Chart) of device requesting

Fejgcl CAPE tule]xe] wiA A(medium
access) TAFC A TiHlo]|~E CSMA/CA(Carrier
Sense Multiple Access with Collision Avoidance)
o s doje] Afel g TUS 5 843}
3 FE 39 WP ZA back-off YaElES AHE-
gt} CTAP= TDMA(Time Division Multiple
Access) W22 tlnlo|~rl QA3 A el
s PrhowA] Al Fale] o] FoiAl= S
HRolrt 13 13} Zo] tivle]|~-2(DEV:device)+
tlulo] ~-3(DEV:device)ol| Al Ho|E|S %53l ¢
3 PNCelA]l  A'de}d RH(CTRq:Channel  Time
Reques) MIA A& AF3lal, PNC= HIE =S
Ea) Tiujols2e} Tlujol 3l oklck

M. LDS algorithm

7Rl AA dEH=ZL] AHelE F4S 916
AFE LDS dare]E2 A1) 7] v linkel]
3745 tiujol~rwr} F2 linkel A% tiujo]xel
A AR 2 7EAE Foidte] B g2
TUE 3dsls 2A5d dae|ES Apgsian?.

link Aefe] AxbbEe WGSs duElEe A
B)~()el Wet Fdste LDS stare|gells 7t
trte] 9] linkAJelel] wE 7o) Ak e

A(1)F} 7+3. PNC7} tule]xolA| &4 & TU 7|
T A9 o Ak,
. B LS(i), . ‘ B
Q(l)n+1 _W’EQ(,L)HJH =1 (1)
CTAG), ., = {Q(z‘)n+1 . O;gPJ ®
2N

www.dbpia.co.kr



2 A13}3] =54 °07-5 Vol. 32 No. 5

PNCo| &3 AR n+ 135 CTAPSIA
2] oA tiule] 29 74|

n+ 1A CTAPIA 4] tjufo] 2ol 7|
gvd TU° A

IV. WGS algorithm

2| F7HA] AlgkEl LDS Lae|Ee A4 vES =
o] AgfE ks 918 tiute]2~] link Adedel o}
2} F2 linkel]l 7% tfufo]ielAls 2 715X
Foislar, VMY linkell A%l timlo]zdAl=
7VEA S Folalr] wie] Y linke] A%
AFE w9 AL 52 TUE I v
ZAA =m AelEel e B2AE 5 9
stk mEbA] el Aljksl= WGS
link Ael7} welriele wE ciaje]s
S FUs fRIFgema, v Jinkol|
vlo]~9] X2]&-S RAS ZA JES
8] A LDbS daE|Erct kA o A

o
rlo

Hjo
ok

I
!

NoOX

ot
ox

el

e
T
o — o

e

kel
L

oy H2
o

o
2

e
it
i,
A

4.1 link AEf &3

tuto]l~= A CTAPOIA] AEgE Z|glell
sl S5 ZHY o] Al of el wel Al3)2) 2
o] =]l Aol AFE Ffele 19 s I3
slar, Adel Ad| & ASol= 09 S il
A2} 7o) A vule]2rt AEsE =9
AAEAor Adgt Zosl 9 vEE 1A Tt
o]zl p¥HA CTAPOIAQ] link Arefela gk}
(10). wd WA CTAPOlA tujolreo]l FAZ
link AJee] WslE + 194 CTAP| o= uled
& 739, AEE s 2 o gl ojebA 4
(5%} o] tirle]= o]F Hf(Moving Average)
< olgsle] WA Tulo] o] n—r+1HHM CTAP
S nHA CTAPZIAS] 3F link AelE Akt
tH11). AG)EFE AxE 24 ciele]xe] HF
link #elS PNCellAl WAF2 PNCE 2 tlujo)
2-9] link el w2} CTAS 3 3o}

-
N
I~

~ _ J1,success
[m" - {0 ,failure ©)
rsti), = e @
212

m=r

Z LS(Z)n —m+1

m=1 =T
s, , = " 5)

n,r m=mn

Z LS(Z)N —m+1

m=1 7Tl<7'

r

iWA Trlo] 2Tt A CTAPANA 43
Z| el g A AF o

iHA TlRle| 2ot Al CTAPIA 34
o2 A5 ZH e s

nWHA CTAPAA 1A tlujo]2ofA] &t
" E TUe A

nWA CTAPAA Z4% WA tiulo] 29
m linkAd, 0< LSG), <1

r o] Hte] Wl

iR thlel~e] n—r+ 195 CTAPYE] n¥l
LS(i), , |P CTAP7WI] 3 link Z3el,

0=<15(),, <1

n,

frame (L)n

CTA(7)

LS(3)

4.2 worst-case guarantee® &t A4
=2

Frolld AARE WGS dwE]Ee 2 linkol]
QA trle| oAl 2 £ TU
LR Jinkol] 1ZF tlulo| oAl Al
< ¢ TUE I9319] link A7} Waltjzie =
= tufelze] Afge] FUH fAEES =
2AES daElES ARESIgIth PNC7L 7 tufo]
oA sl & TUS| MNGE Al BhES
o5 Eo] ol o] A9k 3709 tiujo]~
A, B, C7} gla, 7t tlHe]~f] link Arel=
LS(4), LS(B), LS(C)°lt}. =3 PNC7} CTAP®
A 2 talelzeAl s TUS e
CTA(A), CTA(B), CTA(CO)°lt}l. webd n+1¥4)
CTAPel4] PNC7} tinjo]~olA] gsjo} & TU
o g oTAl), o1, n+ 1WA CTAPeS]
link AelE £5G), ., oItk

n+1954 CTAPoA tiule]~o] AH2]&4S AF
How AFe zegdel et 3 u), tiule]xe]
n+19A CTAPIA ] A& frame(i), . ol 2=

il
ol
)

E 1. TU 75 &S S18 oA
table 1. example of the number of TU allocations

device A B C
LS(), LS(A) LS(B) LS(0)
LSG),., | LS(4), ., | £8(B), ., | LS(O), .,
CTAG), ., | CTA(A), ,, | CTA(B), ,, | CTA(O), .,

www.dbpia.co.kr



n+1%4A CTAPA 7+ tiujo]xe] Az|go] kol
A frame(i), ., ©] Felel ¥l F, PNCE
n+19A  CTAPlA] frame( )41 =frame(B),

:fTame n+1 ] ﬂ‘_‘ n+1% 7_]1‘ T/]H]‘O]_/}_
o _ fmme(i)n 4
°ﬂ7ﬂ %%EHO]: 6\}‘:]' :L‘j’]:l—’— W)HTZLS(’L),Hrl

olm g Al(6)7 o] & & glrh
CTA(A), ,, + LS(4), ,, (6)

= C‘T'A(B)n+l * LS(B)77+1 = cij"él(cv)77,+l * LS(CV)H,+1

PNC7} n+ 1905 CTAPelA 7+ tiulo] zollA] aheh
& TUe] A% oTaG), 0 TS P FsE TU
o) Mok ek AR,

CTA(A), ., + CTA(B), ., + CTA(O), ., = CTAP/TU
M

wzhA] A(6), (7)i%'—E1 trlo] AdlAl Erdsljof
3 TUY I5E A4 4 9ok a2y} PNCE
n+ 1A CTAPoﬂH tjufo]~2] link AEE vwig]

o ¢ slerwmz ofgd ol 1sG),, =LSG), ., =
. 7FAsted /‘](8)—‘ Lok

CTAP
cTAM), ., —— ®

CTAP

U
CTA(l)n+l = 1 (9)

L8, * X pagy s
ot | VA CTAPAA oA ekl
Yt | iAo, 0 < LSG Jusr <1

Nt UEA CTAPAA A clute] el

CTA(), el U] A4

V. M 7}

oIr
(=

5.1 7|2 =&

7|8 mdle HR-WPAN IE3dllA] AHolsla 9l=
LS 7jule g AdAEgleon, A% HrlE 38}
7] $lste] vkl THES T Ad ek A

=1 | HR-WPANS- $]&F Worst-case Guaranteed Scheduling Algorithm
¥ 2. A% 971 sl
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