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ABSTRACT

In this paper, new channel scheduling algorithms which reduce transmission delay caused by wsireless network
are proposed in AMC/TDM wireless data communication. The concept of the proposed algorithms is based on the
proportional fairness, M-LWDF, and per‘ormance-guaranteeing algorithm proposed by Xin Liu. The proposed
algorithm can be applied to QoS guaranteeing services as well as best-effort services. Simulation results show
that new algorithm reduced transmission delay upto 11.5% in case of proportional faimess algorithm and also
decreased transmission delay upto 9% in case of M-LWDF algorithm.
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dass id | TERERE | opnagy | VAAC

(kbps) (bits)
1 384 125 1204
2 76.8 95 1204
3 153.6 65 1204
4 307.2 40 1204
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6 216 13 3072
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9 24577 9.5 4096

2

Flck ojebad, AMC/TDM HRALL 7|8e] fad7
Ao sAFele) = oE EAE 7 Sk S
el e & Ayl AdE o+ sl AN &
E= Algdel] dAigle] dAE &g AUA =,
AMC/TDM3}t zE2- frafvke] 739 7]x]=9] A
Hof Gt A HaAdAe S sk o)
=50 fzlo] o8] AAEl weld AMC/TDM
HIALL AMEALROlA] A stA] AR Algsledof
dhe ubAl 2AER]e] FAlel HAY A
ARSAVES AR 0B AaRle] GRS B
sfof b} 2l - 71 APl S pgstedol
gltl. AMC/TDMHFAlS] 27| &2l olelyt 8785
F537] 18] 2b ARERbEe] AdAElv) ubedEe
of 3kx, ol T A7] §l8 £ dolie Ad
A ER e o] 58 AMRIh

o] 3, 47dolA], AdzAFeo] glel dAle]

= FARA Ade &84S o wEel |
5 AlZdow Halsle] Hrl

I, =FO| HEHAHEE W

B AolAi= Xin Liuel] 23] Ajekxl AdxAE
el e AR el o8 AskE dweE
o z=A A|ZkE A8 (Resource-Based Fairness)dal
Z3} AJ5-d A8 (Performace-Based Faimness) &
SoF vk AZIRAY daeEexe A
ZRLE 7h AMgAHRe] ARl whe A7) wlE
o] AslA & Afol & HAsPIRES- AA
3l 9low, AMeRAs duaE|Fdis 7 Akgx)
o] fehz #H4] ikl AdlA Us A%
o WA +8el & HAsHe WekS AN Do
hme]e] olse] HYE il B =M 7]

581

oA

2

i

i

O



LA 83 =22] "02-6 Vol.27 No.6B

58 chesh o] Ak
AR i8] £F adlde) el WESES

Clnmoleh ErRkeh b wdl SRl

A4S e AL thest o) Hoja)

CAnl=[C\lxnl, Clnl ...,Cl#nl] 0))

ofl, Fe AA A 2 +F elvlahd, w) £l
N AEEEE Aeetn ERS AdaAE
A of £Rok} AEEE WE (ale TS
2H $YHEE, o Ao Hrleh, of
£ &E aold AulagE A8AE Ele
Tk 449 BE A3 olF QT 4wk

Xin Livel] oJs) AAE F 49| ex2lE 2

W oS3t 2k

1. AIEES(Resource-Based Fairness)
dna|E

7 AHgAFEo] 28R A2 ARBge] el
3ol Fr=19 A% e Adsdze
Q= AH8AES) g9 T HohsAR:

Qln]=arg m?x (Clnl+a) (2

oldl, e ZF AMBRIES] AM|A AHIEE WE
R AdEch o] o S " £FFic oAzt
219} AdAeE st ghe AltsFeiof gk
olof] thgt ARt QA& = (210 e} ik A
e A Aoz ARERR] X7t weld
of Wl o; #E Zopl7] flsiMe B ARy
£ AAAHok k. Wb Adteirt By glel Wst
she FAAIRA AN o 3hE v AT el A
3] AnRRIths AL 44 drk 2=y, oled
dae}Ee Ade] g EEr] wEel W
g <2A A=aPE(Round-Robin  Scheduler)ol] ®)
3 53 A YR,

2. MsEEY(Performace-Based ~airness)
LdNA|E

Z} AM8AbEe] ftshe #HAg Aula %

ol col oW, c=lccy...,cA7F A2l

28 AFE = Sl (feasible) greoleta & o, o}

9] AdzAEE Q= AHEAEY $89 &
oz} X|7ck

588

Qlnl= arg ™ (C{n] - a) 3)

old, ¢ 7 AH3AESY & 221 WEHEF

A=} Aok of wbHe) dxElE: A AREA

¥ duelEH A2 o9 e Zotded 4 4
AO

L=
e =3

2] ke ERS Adcl o] 94
Aeuiol] s 5% AA5-g wlgll

M

V. HHSH 2nE M-LWDF 21aiF

Hlx

el gAY Te]EL Ade Are AMSe
Wide] M-LWDFRuelgel 7% 7)<l 7}
AR} Rl AR ES o] 4Rjke.EN & A
FKthroughput optimal)¥t Als-& Helw glich &
HAslehs AL [4lolA] AF= v} o] 7} A%
229 F7F #4 AsEe e gt
& HA3Pt o|Fix|A] iivke e ARE A
YoAzelel oa ol AMAL AMAE Ba
B2 AA o=, 2 AEA Wzl A
ezl Aloverflow) & ojvjgch w2pq & FHA
3ol g7t FHu3KMaximization)= A2 79
ofnlolza Felsiolol qek 7 Faslag Awin
kgt

1. H[HIB3ALI2E(Proportional Fairness
Algorithm)
nlElFA daelEs @k 34,

Qln)=arg ™ (C/RLn]) @
o At old,

+ a- Clnl - 8lQ[n]-i

olcl. o - 1 dirac-delta Fpolvd, o 2 3 A}
Sabh Aotk Aplag R EoRz w2l 2ol
9] A4F 9vishe o= 0.001Y%e e Z
A =l 99 dmelEze 2L 2429 AZ
(Good Scheduling Time)-& Fx=3h= Zoz, Z+ A}
LzlEe] AGAeE ey Asdea] A
3 AAFLEM, BE AMALEC] S1A]el Agle]
& AR ApIAE WA SFES Yok o
9] o} C/I (Carrier-to-interference ratio) d18]&




w8 [ AMC/ITDM 1Al ©lo]e] BAlelAe] Aungdy AdanZe

(Qx)-ﬂ} H]jrlﬁ“ _E_U‘i o],g_ _/'d;" c:___]_ ‘{[: 9\14

QLnl=arg " Cln] ©)

Hd Ol d3efFd v &£20l 7P $& A4
Ao ARgALE Aula ez Hoe £8&
Z1E 5 ek 2y o] dxEES AdHeE
T|AEeB2NE 7P7HE ol ESelA AnlArt AFH
o] 34X (Faimess)& WAl HE=, AA| daelF
oz2x ALH7] ek

2. M-LWDF &22|&(Modified Largest
Weighted Delay First Algorithm)

Ad2AEe] M-LWDFdwe]Ee f-All49
A8 LWDFE WHeggozd  A=dch
LWDF¢ve|&e] 718 /g 7t ASAES] H3
FollA 7P AZEA|de] ol ® AREAY] HRE
WA Mu|asiEeEs HA F9 LS =Eg)
o' MLWDFLIe|Ze AMAFEe] AdAns
2A1Ee]o] 8o Bl AdxAEE R
A, g ohgw 2o

Qulnl= arg ™5 (7;+ Clnl - Winl) 7
3714,
yl:.fl_L' ai:*{gai 8

i

otk AT g 7 AR 8] AR AIZRR]AGE
w7t RS LAARA 1.8 F gEe] sET)
A A2 AP TH<6: )& FAATIES
Qo gl Ad2AZH AL v oF
7k AMgAHEe] Ade] HEgl TR skl
ok (elHs} ), M-LWDFExe| & 2 Ahgs}
B g well YR CF FFe=
R dojzen, ol FEHHE =] 3=
A, =3 M-LWDFE [1], (6159 Eojugzdsy
oA RejFRo] vlElFA TR Fd Bl AZHA
& vk "ellA] o e o 5 ok BE
ARgAL) A7 eFFAde] U AL (D
chea} 7o) A4 =k

Qulnl=arg ™ (Wlnl - Cln]/C) (7-1)

ol wlElFA Y| Fel AAHEAA Wt F
szl Hejel fARRE & Atk £ =elde
ole} zho] mE AMSA}Y] A|ZE aEzle] A2 T
Sl ghajrint thEEE gk

g Aolxe ool AduE wldlddae
% M-LWDF dae]&s ¢l 344 B3l Xin
Liu®] <twejZe] dAAS Hajsle] Bozx A
28 dnEE AARL

V. MsSEEE HhZ3yYTZIEN} M-LWDF
2t 1ri&(Performance-Based Proportional
Fairness Algorithm and M-LWDF Algorithm)

B Eidxde AvRAd  uEHeAYaElE
(PB-PF) ¥ AFHEA¥ M-LWDF <dwalE
(PB-MLWDF) &t w2] =2 Aok} Algke odwe
&5 ol9} o] HHsle el 7EHeE 7|E
o] wlelgAUelEI M-LWDFgae|Eo] A[7E
A3 daElFolele Aol MR Frh AR
(Shannon)@] o}&e) wamd % Buela Ade)
42 e o o] Aok

O

3

C= BWog ,(1+ SNR) ®
wlal ALESHE ShRe] >1el A%,
C= Blog (SNR) ©-1)

4 o] F¥¥Ich old, p=BW log2e|th

weba, vl A AdAEe] tishse] AR oA
= AMC/TDMA| 2Rl 49] AL8Rl 9] A
£33 PE O-DF Ze] TIPS 4 &
urk ® ol SNRERE 1xr} FHok ks =74
& AR gk 9-1)F AZRAE daEE (2)¢]
gigte gy ot e AAE derk

QLnl=arg ™E* (Cilnl+a)
=arg "2 (Blog (SNR{ 7))+ a)) (10)
max Blog ( SNf,,'[ ] )

= arg ;

old, o/ =e Poln, 2oyl dEFIIRIo]
g, 1002 7oz (1) it

SNR /[ n]
a,-'

QLn]=arg M (—),SNR,{n]»l (i

589



241813 =2 "02-6 Vol.27 No.6B

e, AdsAZe Q& WA EE 7
& HHE A & 5 gk srRel @ Hslel
o Q& Tt ek

Qln]=arg mfx(LM?[n])

a;

(11-1)

2 wpies A daElE vt 3ol
Rk

QA nl=arg " (Blog (SNR;[ 7)) - a)
=arg m?X (Blog (SNR;[#]) « loga/’), (12)
SNR [ n]>1
old, a;"=e“lck (1) (12)9] ZH7AZHE
£ =olA A= 2L e AdaAlEE
l PB-PF( Q,)%} PB-MLWDF( Q,,)+= (4} (7-1)
£+ EUE g3t 3] A=,

= arg m‘jx (log C{n]/log R{#])

B2, #Hdeel A #A3slelA) 7 o|gTe] 37

AeEE
B ESEN

e ﬂgi:i;s)ﬂ e né%lji;sfi

1 398.8 8 2¢1.6

2 397.1 9 32.8

3 397.1 10 220.2

4 384.9 11 191.3

5 360.9 12 154.8

6 342.1 13 150.8

7 276.2 14 137.8

me[ n] (14)

=arg M (Winl+ log CLn]/log C))

39 F dmelEe 7 AeASe] ATggulen
ohe 7 AR SgAagte] ur} Fasite
o]2g Edz wsoial Zeld. deld (113 (12)
o Wet (13), (1499 Wee Fgs] vimy 4
gtk =, (1D (129 AL Fa4 Lo
A & Qe e =0T Holek olel it 2+
e (21 ARG AMCTDMHHS] 5
dlole] EAloIN AZdgulguct AA) 72 AReR)

530

7} 9A 5= $g3te] 8523 P3-PF gy
%3 PB-MLWDF <dwe|&e] Age] 7]&¢] a)z
FHYET M-LWDFare} 3 o} 9528 o]
2h= 7lo] d&=lck vhg Aot o] duHFE
o AAes RoAEAAS B3 viw BAgtemy
Ak daelEe] s Bk

VI. RoAH

[k

7 Y

AMCITDM 41e] Alzsdolls] & 7)x13ulol
1499 AHgAP} Sl ASel el Aeg W ¥
AR 7 RIS A5e B ANl o)
245e ches) 2o Aoy

Pr(Delay;> x) (15)

Delay = AEHE B 4A iz AH8A S
o) ARz, = FoiR o ko
2ol Avpaesze) XSl sidiict o (15)7}
rjshs whs Folzl AgAAAl e AMga}
i9] A$A]AAIZt outageZhge] Hrk

Zh AHRES FUe Edy zdd ASsigle
o, 7l Zo] 1024bitse]l HFAE5E 36.8kbps2)
HF52](Bernoulli) A& A-Eslcdct o] AP
= E 20 oA A Al A3E 5 ol
+(feasible) Zle]th

FHASEE 2de [11& Hustded, 24 A
47ke] AL oS3t o] ddHe] mdd
A3tk

CIR[ n]=CIR; - stf{n] (16)

BE AR stfe] AFEERS 12 s
o, 16.67THzo| =E= Hel§ Iasiglcl. CIR
< 7+ AHERe) g AlEdi7HIRLEA, & 29 F
T AFEEE AYIT 3 29 ASEEE BZE
A2 A7kl o] AMERNA FoAHE do
Zrolrk wekx AdzAZEe o8 ATsEs 3
T A$EEe 1 29 &Y ggadt =4 ok
ol AdzAEFE AdITe] Aoz L&
217K Good Scheduling Time)2 A1e43}7| ufFo|ch
HAdxAE7 e D9l 7} £82] Zo]i= 1xEV-DO
9} 743 72+ 1.667msec 2B 7FAE g}

13 18 v|EEA g TE]E&(PF), M-LWDFYxz]
Z3} (13), (14)l] A3kl PB-PF, PB-MLWDF&w



T/ AMCITDM 74 dlo[e] B4lelAe] A5r4y Ad2AEe

1.E+00

1.E-01

>x)

1.E-02

Pi(Delay

1.E-03

1.E-04

a3 1. dxeEE FEASAAAREE oA #E vl

2]Z] A4 A A7 oFRE]A] (outage) FE A
H2E wlrh 7t dweEE 1479 AAE A
3ol 7F F2 AR} Adse] T R AR}
g HolFomm vwE o)A 3t

23 19 AR HERSAGAze] X5
#uch F FEE BT ok A4S B =
A ARME daelEe] Aseld, A2 7] &
2E]Ee] Agelck e =z e,
DelayZkell W3l o}2-Elx] &go] AL aejzr} A4
ol T ARl Agelnh Aol £& AMA
2 Ag 7129 daElEI g daeiEte
A Aol A9 ¢les & & stk 22t A%
o] vl = ¥ 204 FFASEEI) 7B & AL
22} 148] 739 At AE & 4 ok 4l
vlElgAgdTe}Ee] A 7189 dxeEel PRe
AR dAzlo] oF 1.3 2 ®Brt & #8o) 1073
o] u3l, AF= PB-PFS] 79 ¢F 1.15% o]kl
ggo] 107 %Itk o] 11.5%2] HLAAAZ &
< 9v)icl M-LWDF&zeE|Ze] #$ 44 71&
9] otz@]Zql M-LWDF: o}2E|x] 88 10734
A oF 08 Zo e Reld uls), A=l
PB-MLWDF& ¢} 0.73 29| zkg He] 9% AHE9]
AFA DA HEFE B £ Utk aiZoA
B 5 9lRel, oleidt dmelEzke] AZkxel: of

$eA] Bgo) Hold 48 11 Aol =A ek

Delay (sec)

Vi 2 B

£ =#oAs AMC/TDM whA]e] 34 o]F b
olg] EAlell A3 AdAAZE Adsidelk A
2o] Agkel AdxAEele 7|8 2 gzl A
daAFe]s] vdsAdd eS8 M-LWDF ]
Zo] 4eje} Xin Liuo] o] AAH 4&2] 23]
ke leld FEIch o s Fojzl Ads E
@ wdea], AQl%l PB-PFYTE|EL 7|&9] ¥
dgAddae] Sl vls] H 11.5%9] HFRAA7
£ ©@E3i¢l3n, PB-MLWDFRie|Ee 7|89
M-LWDF&12ige] ulsf| o 9%2] A dAzE
o] rEHglth ol& B =Fd AAE daeEiEg
HDR(Z-& 1xEV-DO)A|AH|F} 78 AMC/TDMH}
Alel Hg3td-& o g 53 A AEaE
AFE SRioh B =EolA AXE ubHe o]
< v|EFAdne S M-LWDFo||t 31=]#] oF
e g ol W] ArdaAEE] ] &
He $& Ay dxlEF de 89 o=
o=l

g
37

1..

N

3RS

ree

[1] Sanjay Shakkottai, Alexander L.Stolyar,

591



A1 8L3| 2] "02-6 Vol.27 No.6B

“Scheduling Algorithms for a Mixture of
Real-Time and Non-Real-Time Data in HDR,”

17th  International Teletraffic Congress
(ITC-17), Sep. 2001.

[2] Xin Liu, Edwin K. P. Chong, Ness B. Shroff,
“Opportunistic Transmission Scheduling With
Resource-Sharing  Constraints in  Wireless
Networks,” IEEE JSAC, Vol. 19, No. 10, Oct.
2001, pp.2053-2064

[3] Xin Liu, Edwin K. P. Chong, Ness B. Shroff,
“Transmission Scheduling for Efficient Wireless
Resource Utilization with Minimum-
Performance Guarantees,” VTC 2001 Fall,
IEEE VTS 54th , Vol. 2 , 2001, pp.824 -828

[4] Matthew Andrews £] 49, “Providing Quality of
Service over a Shared Wireless Link,” IEEE
Comm. Mag., Feb. 2001, pp.150-154

[5] A. Ialali, R. Padovani, R. Pankaj, “Data
throughput of CDMA-HDR a high efficiency-
high data rate personal communication wireless
system,” VTC 2000 Spring, IEEE 51st, Vol. 3,
2000 , pp.1854 -1858

[6] M. Andrews ¢ 45, “CDMA Data QoS
Scheduling on the Forward Link with Variable
Channel Conditions,” Bell Labs Tech. Memo.,
Apr. 2000.

532

0| & &(Jong Hun Rhee) A3zl
199613 2% : A stn
Aol-gElaF-sph
1998+ 24 : A gskn
A olgala (33 AD
1998 ~&lAl : dAhEgT
A7) AR} g Al

<FHA ol CDMA o|FgAlA2E, A 24
£, 2kt A2

4 & “HDong Ku Kim) 334

198319 29 : FFEFFoHFL
AN FEAD

1985 : U.S.C. Dept. of
Electrical Engineering
@sHHAL

199233 : U.S.C. Dept. of
Electrical Engineering

(ZehA)
19991 ~ 8] - Aaeheka FIefs} 7| AR R
SE

<&y Eol CDMA °|F5AlA:E, 3GAG A
28, eRYHRE



