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Improvement and Performance Evaluation of Uplink Scheduling Method

for the High—speed Portable Internet System

Kyung-Hee Kim °* Jang-Hyun Baek

The high-speed portable internet service will be served in Korea sooner or later. However, the scheduling method
for the packets of various service classes has not been determined clearly yet. An effective packet scheduling for
various service classes requiring different QoS is necessary to increase the efficiency of radio channels that are the
limiting resource. This paper proposes an improved uplink scheduling method to accommodate more calls and
enhance channel efficiency. Suggested scheduling method reflects different channel conditions considering terminal’s
location within a cell to increase the transmission rate and utility of the channels. According to our simulation results,
our proposed scheduling method shows a good performance in the aspect of throughput and capacity of uplink
channels.

Key wonds : High-speed portable internet, Packet scheduling, Channel condition
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ol#gt FoiQIEYl A{ARlo] AlFstaixt shz HlolE
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55 A A= F4H 22 MAC(Medium
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E|7] 18 di715<] wlolE S AEiol it ek R
£ 717 2elnz HaE 2959 wHe AAs))
ofe}e AFolch. Fej <lEdl Alado] Tt B2
Q)+ BWA(broadband wireless access) A|28] 2] Akske]
3 2AEHE 98] VWRR(virtual weighted round
robin)@ VVT(virtual virtual time) $o°] AN Bostic,
200D F e of WSS YA 2AZH7 AR
TS 931 doka 7Pkl glo] AR Al A=A
= H&o] E7Fsdlct olget EAEE slEstr Sa
(Kitti, 2003)0l} 4= 37 E2AZHE: 2ALBIAA o] & &
Aol olgshe WS Attt

2 AFolhe FUHAHY AlAF0] 2 HujaE9] &
T QoS(Quality of Service)d THEA7|HA G802
MEIAE AFE 4 = MAC Al%2] 97 24129 1
Hof thel Aokl I 45 AlEFoldS 3 £43t
A g} WA 23elAE FIEYY S7te] =He
IEEE 802.16 A]28lE 478l ojojA] & AtolA A
ek B 2y} g Ae o] Hdto] whE Wz
2o tigf 71editt 3FME 71EY AAEY U
= A% Al AAEY PHEHE AR A 4%ofiA
= AT 2AEY WY 4T B A% AlEHelA
2HE AATE EL Aol 8 ATE AAE)
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2. ROHQUEL A|AH

2.1 IEEE 802,16 BWA A|AEND} SrfQle{Ll
AT FUUEHY A2EE tdoR ZRIA A
7125029 AYTYE g AFPA AAEY
o] dste] Arsich WA Foilesl A Age] 27t
o] = IEEE 802.16 BWA A|AERLS A0 Frjolg
o] 71831 AES A EA.
Fjelgul A|A® IEEE 802.16 BWA AJ2AHQ]

802.16/16a 14L& 7|H o2 11 91, ARFe g AFAS
B(uplink scheduling) 4{8]A9} the] Q- 9l & oA
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Ul A& T % 39 13f Zo| th=g] 7RI 2
£ RS uE A2 7RIS AdE A}
83 4 907) wlEol] e ol fejeks ey
gl SHoM= #HY F2E 71X Y= OFDMA
(orthogonal frequency division modulation/ multiplexing
access) "HAE WETE TERA FU JEY AlAEA
Agsle ZEd t2E O9 13 Zo] 34 DL
(downlink) subframe®} UL(uplink) subframe 2.2 t}E7
ok 28 1914 7252 ARFEE OFDM A& 77159
2 BASIL, H25s FoeY9S RAdHR v
Wit} 223 DL subframe 7t 992 22 9 A4 %
£ 7}A7 9l DL MAPS} UL MAPS Stk
EF Fof QY AIARE 9 29} Zo) Smso] 1%
2 Zoje] me|ele] 72E A, s zaele] T4
HEe ZHY AR MAPHAIXE Fo WdETh &
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Z2pskA HARL AAlEee 299 24 Sms 2
o T2 g WA 2 ZF o] eYsjolof glet. oA
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A AR $0E 97l FEE o] fafjof gt
IEEE 802.16 MACO||A] Aotsli= 4712 AfH[AE T
=3 2.
® UGS(Unsolicited Grant Service): A&7 27]2] o}
EE AYshs AN MRlA 55 A ske A
B A
® rtPS(realtime Polling Service): MPEG H|t] 2.9} 2+
o] 271502 sl 279 vloje] S ek
ANZE Huls 328 Agake Hula

¢ nrtPS(non-real time Polling Service): & ¥
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diolg] w7l B8 BlAAIE Au)2 B8-S A
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® BE(Best Effort): TCPL} §-ARSE 21413 AJH|2y(Best
Effort Service)& &% 02 AFal7] gk A&

Fo el AATE AZNFE MAC ZEESS
Agels AL AREae 257188 T
7] $430A unicast £ (pollmg) ﬂxﬁ(eontentlon) =
7| 9(piggy-back) H4& AH&ste] 4 FE a3t
Unicast &2 rtPS /\i‘ﬂl—e"ﬂﬂ] AN AHIAE Al
317] $181A 57 nPS ZRAR AT R ES 84T 4
M= 7138 AlFach AL vole A4S Yshke
7RRIAE 0] FFoiA AAFY okt hAE AR st
B2 S wAo2H A9 A 7HORE binary
truncated exponential backoff 7|8l& ARESIC) u]7|d)
AL dole A% A LR elES ) aysh:
W0 R ntPS HY|A9) BE AMIASE A4 EE 1)
P A ARgS GUES R AR

olgst Au|ALoA FE&AoE AuLE AP

S|
(=}

- wa

olr
okl

FCHlE ol SB-3 AHET YHOl Th

SJaiAE 7h ArlaBo| 875 QosE st Aol
g g3t (IEEE Std 802.16s¢-99, 1999)9)A4& UGS2
A% AgAIZIo] Bolok stel, AR e a7t WHAKE £
Ato] Ztotol Bl QoSE Aotsta Qlrk 2 rtPS

= A A AAZRE 2 Aeko] glont AHEQ A7k A4
ks %&01 Ztofok shm, BES] ol A& AHAIZE
ol gikstA] AT W2 of2lEE BRE ke AnlA

ofe}.

2.2, Ezfjml o

7 Aju)x EdjEle 79 wr 7+o] ON&OFF )2
SR 2 A 182 275 5] HAE ON
7kel ZolQl burst duration® OFF F£7ke] Zolgl
burst interarrival time, ON 7F HjolA SDU(service
data unit)e] %2} 7}2<¢] SDU inter duration, 12|
SDU9] =714l SDU _size7} B3}t

oleiat Al EejEie) AZHSE Akel7] i
H =B UGS, rtPS, nrtPS, BEQ] 7} MH|AE0]
IEEE 802.16 TG3olA MAC/PHY AZ9] Algd oM
3 Al AMSIEE Hugh oo Edjy ZY(IEEE

frame /-1 frame /

frame j+1

» time{ms)

1 frame=5ms
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a9 2. & e ALY =] 3=
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« »le » ’*» time
0] x5
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@ : burst interarrival time
® : SDU(service data unit) inter_duration
@ : SDU(service data unit)_size
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# 1. UGS ARgxjo] gt IDP 29
A Average
source (pkts/sec) G G (pkts/sec)
IDP 50.0 2.841 1.538 17.561

2. 1tPS, nrtPS ARAR]| thit IRP wd

source i A S Average

~ (pkts/sec) ¢ ! (pkst/sec)
IRP#1 112.38 1.14 | 1.22 66.849
IRP#2 154.74 1.54 1 1.28 59.451
2IRP Average 126.30

802.16.3C-01/30r], 2001)& w2t 73}

UGSE IDP(Interrupted Deterministic Process)oll 7]
HHE F31 Q)ch ¥ IDPE & Hi7l SA4 S ek 3
Hol 719Jz} Ajoof EzfglE WAAJZICE IDP 2ES
ON time 52 20 =2 7440] A=) Slek. 2, B2
she ZotolE uff 20ms 7HA0F 66byte &} HFlo] E2t
S AEsie ool o] WASH g Slof
8kbps 9] dlo]g H$-E-L et 7|18 mE (Leland
1991)014] §=Eek

thg & 10] Q= TrehlEEe UGS Al Hid
IDP 242 AoJgir). o] mletulEE-E 352mse} 650ms
o] ON 7} OFF 7712 2= gAndst & dzjstes
A4S ON T 54 sl ) 24 Pl
AE| T ON I} OFF A7+ 2|58 2.

tPSQ} nrtPS RS 27}]4 IRP(Interrupted Renewal
Process)l| 7125 F Utk 2IRP7} kel A vl

DL LT 3129} 7}91A Ajolof] Edme A
Itk 2IRP 2do| AFAZRE T E BEE 2. 4
ot= mdle (Subramanian, 1995)2} %3} “Star Wars” 2]
17100 MPEG ZFYoz22E FEE it

E 29 = ulabuE S ntPS, nrtPS Mgl thgh
2ARP 2L Holgich of HelHEL TA 10 Aol
o 714 o] o8 ¥|c)2. ) 2417 £} “Star Wars”
Qsiel YATES AR

AGAZRS THE BEE tEw B A ‘
K@i -1) olck On AIZHERE T2l =2} Alma% A
HEZE wErh

BE 292 IPP(Interrupted Poisson Process)oll 7%
=2 =7 9tk IPPE 3t AR Internet SourceE LFE}
U Z} 1PP 3lEet 71Q1R} Aolof EEE AR
o}

71l e el At AT Eey

st=AlZ 0| MetE] =2

¥ 3. BE ARgAbo] st IpP mdl

Ai Averaged
source (pkts/sec) ¢ C (pkts/sec)
IPP 2279 0.0194 | 0.0146 0.977

A TIPP in ON Time
C;: transition rate from ON to OFF(transitions/unit-of-time)
Cy: transition rate from OFF to ON(transitions/unit-of-time)

MR | AgtelE | MR HI&(%)
64QAM-5/6 30 7.9
64QAM-2/3 24 115

QAM-2/3 16 16.6

QAM-1/2 12 21.7

QPSK-2/3 8 12.8

QPSK-172 6 29.4
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olelt gol sht) %szssa » BYEel 7)2E o
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19 4. A QA7 S T2id AAET E(CCon)

oA oS0 LS QuSE EEHOR WEA|7|HA
szl AT PHAE LA MACH 2AE
& oz deh FUEe YR 2AEY A 2
AHI28 QoSE ILefstod (Kit, 2003004 Aleke W
3} 7+o] UGS, rtPS, nrtPS, BE E&¥ #A2 A3 &
ARE Fe AL ALY 4 Uk T o] 29 49l
$434:9] Ed|mo] Aja o2 Ho| EAEHe Aol
a9le] $41ee) AHlASelAE AT5H QSE A
37] o Hrk weh (Kook, 2004)el4 UGS,
PS, riPS, BE EdY $A42 71RA SRS FH
A rpSoll kg YT uf £ASHE, Holel 258, o
2 A% 5 Tefslel PSS} BES] 44T HjelEs
ul2] BEE RS AVHGT: o) AL, 2L AN
H

gize) ALY $EL eheE RN round robin) & o]

H 9o A= UGS, rtPS, nrtPS, BES] AdS &
# o 7 2o} AL T 2ABT H
Aokgich & Aol mejste AAEY WHeld
tPSo)| Yd-& atsty] A nrtPS, BEE 3t Agd-E 3+
a5 (Kook, 2004)0]412} o] nrePs, BES 9Iet 3
& nyHoz Bmaln) 4 7k =) AIA o
2} 2 7R 9 PR BRI A b 4o 3

e o oft

R E ARt B3 HEES Fol7] flel 4 92
9| Y2)e} o] sAel e A deHe LY 2AEY
UL A|oksith &, rPSe) nitPSe] S 3TAR
Fol ZA) Agslokshs AiolAu A7t Sl AEE
A3t Aeolae Ades st et ¥
on A4S gyt 137 oo Adtezh Fobd
m7tA 7|tkels oz AIAE syt ol
SHER B¥Y 19 491 gk

M
Akehz 7123 el ARA thge

i) 7|23 o2+ UGS, riPS, nrtPS, BE &M 2 97
& st
ii) rtPS&} nrtPSol| A& SFE n= ZF AH|A: E
o) AelE ZA] Abdlol sk A, AdAH
o wet 3l dslor sk g, ok ARt
Qe A Yol A Alglo] uhet 7l SEE
th &, Aula B A7t SA] H4aljof 8t
L Aol BiE ok Zg|¢lo] HFlE dhgsta,
AdAtefol whet 97l Sslop she AefolH
Ayt 2od Hrle dgdatn £1] od
S S44&910) Mu|id) EF7|FE Fok e
3 oj7} G Aol 9% oK) o $4149)
o] Hu|xoA HdE APRE 7|88 Frt
iy Au|A AHE RARE A3 22 Y EEE
Aol M2 ARSoF Bk AL = &4l
(Round Robin)(Chaskar, 2003) 2Hde] oj3f| A4
£ st

rtPSe] %, rtPSY A AAZE QoS 7|
%15}0‘1 ch&a o] 9AE FESE
e
: 100ms < FAAIZ—THF = 2FA 2}

. H"“}Eﬁji‘iq’ﬁ]

2 50ms < FAA|Z— A EZAZ) < 100ms
* R

: AAA A =2 A <50ms

o] 200msE

T8 3, metPSe %, mtPSe] AAAZE QoS 71EQ
150msE Fasto] ohgat dol dAE FE:
* SARSTA
: 60ms < BRA|Z—aF T &R ZF
* A e
D 30ms < FAAZ—-THZIEAA L < 60ms
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* ol{EA
D AL = 2FA 7 <30ms

AEAEE W= 7|2 ZF HRA 9] HlEoA
ok 50% A W& 7|E22 sto] WMEA o] 64QAM-5/6,
64QAM-2/3, QAM-2/3, QAM-1/2 o] YA} E 2
Ao ® e, UnA|E $4] ¥ AR itk

o THIE A 71115#% 4l %51% gt
23itt

F ARl s Za oA 192 OFDM Fj'do] o]
B A5S el ARE-

e tPS, nrtPS, BE @ZE-2 MAC-PDU(protocol
data unityg HET of Fof ol U= MAC-
PDUQ| Zlpebd o7l o) ol dfdZSE
L7431

o g = Y2l Zo|= Smsecolrf.

o Fojleyllofa] FAREL] el 2Asl= WE
ghAo] 64QAM-5/6, 64QAM-2/3, QAM -2/3,
QAM-1/2, QPSK-2/3, QPSK-1/2& irz3Ith

al

o

N

4.2 4sHINT
FAE AR 5B AHelAe o 2

2 6“5'517]'}4522 _j_i'Z]?F]'E]—

o 570 AN AR o] slolel sjsie) A
HA Hjo|Evl EARE Ao g2 RE 7|AHoR
dlole] #z9 upAjat vpo|E7} ApE wrpA| 2

AE Lt

e glo|g HEE: DA T AL E A

Z dlolg9] & Lot
£ ABE: A7 AEjAE Q78 rtPS T

o] A 2A]7to] 200msecES F1}3}o] o]

g gjzlo] &4 B85S UITHIEEE Std 802.
16s¢-99, 1999).

o mrPS Ecfge] A|IBE: ntPS THeke) w7l A
AJZto] 150msec o]Ato] & &S UIITHIEEE
Std 802.16s¢-99, 1999).

« BE 27| x]¢I8HE: BE whae] 3j20 A9IAI7H

rlr

.\5)’\

nﬂi

@@ =A2Y0|NE 3| =2

o 12 olo] W HEL WIATHIEEE Sud
802.165¢-99, 1999).

o
¥ ?_:131‘ A|2=H] 9] Ac]'—cl:ao; o] 488 ¢ Qe
7hAALe] 2= 7 7HAEOl A 2Bl 878hE QoSE
JHEA1A —’f—”“*ﬁ M2t 5= Qe A 7Rt a2
uehd = 9lok 2 oA thEolA 838k 2 A
B8 QoSE WEA7IA XA E wo 7hdAe] =
459 89S BRI ofl A @ 2 A
qol 2 S-S Al Hg g Ae o A
0 g8 AWAE Aol g Aol
o (IEEE Std 802.16s¢-99, 1999)0ll 4] ®r] Q. AH|AQ]
FER(frame error rate)2 1% o7} EJojof 5lEL2
rtPS ©@2e] dloE szlo] 200msec ol A H
of W0] £4G BEo] 0.5% ol4o] T je] 7}
W =
o (IEEE 802.16.3C-01/30rl, 2001)Z&] nrtPS2) A
9 X2AAIZF0] 150 msecS 2Tk EEo) 5% ol
o] B tje] 74z} %
o (IEEE Std 802.16s5¢-99, 1999)9jA] web page<] #
% A7 42 o[} B Ao) RS o
4> ooz BE AAAgte] 125 298 #HE0|

5% ool d g ki 4
5. AlZgllo|ld Zx}

2 Afolde AeHe] 47HA] AMH|2 FR<
UGS, rtPS, nrtPS, BE7} 25 A28 Yof 2R3 73
S5 AgHlold g o83t vlojEl A, Al XA
7y i EATES Tefste] 7]E0f (Kook, 2004)0)4
ARME 2AIEY W 2 Ao Aldsks 2AEY
a3 ol 458 BRI (Kook, 2004)9A41 Aok 27
£9 Y2 rtPSe}t BE Edfj o) tfste] Ht WYY
o] oA wgUE AL dofsls WHoIEZ CRes
(channel reservation)Z HH3IL 2 Ato|A AFh=
2AEF WHe AdA s aeste W
o]2 & CCon(channel assignment by delay and channel
condition) 0.2 HH3l7|Z dith

¥ 5% UGS, rtPS, nrtPS, BES] =7} 7 : 1 : 2
: 89) Hl-g R Z713 of 2% dloj8 =& dloly A
$%4& 7129 Aol B(CRes)T & Aol A Al
 AuAeE Tefstel A%sH PH(CCon) MR




X 5. w7 St @3 A5 (4 : bitsec)

(UGS, rtPS, nrtPS, BE)
o
AH] A (7,1,2,8) (14,2,4,16) (21,3,6,24) (28,4,8,32) (35,5,10,40)
5 glolefgF
ek 187,745 401,529 611,786 793,121 975,901
rtPS 4% CRes 187,743 401,526 611,785 - 792,793 (99:96%)| 952,570 (97.61%)
A4 CCon 187,740 401 495 611,652] 792,969 (99.98%)| 972,803 (99.68%)
=k 404,000 784,409 1,138,960 1,618,010 1,947,930
nrtPS A4 CRes 403,996 784,407 1,138950| 1,613,520 (99.72%)| 1,782,800 (91.52%)
A% CCon 403,994 784,401 1,138,890 | 1,614,440 (99.78%)| 1,790,200 (91.90%)
=&k 12,642 25,819 36,281 50,000 59,830
BE 4 CRes 12,642 25,819 36,286 48,083 (96.17%) 46,299 (77.38%)
A48 CCon 12,642 25818 36,280 47,712 (95.42%) 43,109 (72.05%)
Aoltt (UGS, tiPS, nrtPS, BE)S] 427} (21, 3, 6, 24)7t oA & u, rtPSU nrtPS+ 7] As S BA
A BE Wi digts & 2A1EY Y 257 93 = BHHo BEE oY) A5 AskE BA "ok Zeut
L] fiRES Ao, (28, 4, 8, 32)FEHe BE9] A9 Ea8l= wj7l9] o] Hof A5 Aste] o
nrtPSe} BES] H-9of HAEarg HizldEd Apolof ggrol wmjek uhA, rtPSet nrtPSQ| 79 Ao =
ApolE HolA Hre. Zsl= w719 o] A YWrEY A% o WE &
Hry AAS] AHEE, T 7 (28, 4, 8, 32)Y I7h HA edle o 2 98 A Hoh AAE,
o, 71&9] CRes ~AEY WL nrtPSO| 79 2% B =RolA ARl Wl nheh AAEREE T A
7} T2}k 1,618,010 bit] 99.7%¢] 3= 1,613,520 2. (UGS, rtPS, nrtPS, BE)2| =7} (28, 4, 8, 32)81 7%
bit & F4st0m, B ¢1olA A|2kEl CCon AAIEY o= 725 bit/sec, (UGS, rtPS, nrtPS, BE)2] 427} (35, 5,
HPHL 99.8%0] == 1,614,440 bitE Z<58te] of 10, 4021 7-2-0)l= 4443 bit'sec?] H|o|E|7} & A4k=

T 242 w0l 295 Btk T2 BEQ Ao ©
o] =71 (28, 4, 8, 32)Y W, 7]&9] CRes AAET W
we zoy mjz] ZakF 50,000 bite] 96.2%9] FE=
48,083 bit & HLTIHeH, & A4 AFE CCon
2AEY P2 95.4%0] = 47,712 bitE W45}
o CRes WHo] o U2 425 R

(UGS, rtPS, nrtPS, BE)<] %7} (35, 5, 10, 40)0] =
9, nrtPS2} BERYE opu e} rtPSQ] s3] Abgdio] Hbx|
A B3l 7129 CRes 2AIEY WA nPSel
Ao 2ok 97 TAF 975,901 bitd] 97.6%0] SHE=
952,570 bit & AFstgon, & dFolA AE CCon
AAET IHLS 99.6%0) HFEE 972,803 bitE: M
atgick wigo] BES] ¢ & 712 Wy BE =2 of
29| A AEskA XA Hed L FolAE 2
=Rl A Alkshe o] Bt w2 giAlS H4sHA] &
A He AS & 5 Stk &, 2 =54 Ajehe W
ol wet 2AEEE 9T 4-¢, TE(throughput) I

A& & 5 Sl

67 1 5= A Woll EAsks 3T 47} S7H
o 7k ehho] HgstaiAtshe dizie] Hat A HA ) o
3te] CRes Hrat 2 AtollAl AkA CCon WS v
wate] Yepditt. (UGS, rtPS, nrtPS, BE)Q] gty
(28, 4, 8, 32)d W, AELZ FEdle 2AEY PHE
tPS 7S HE3 o) At 0.0074%27F N A=o] 1~2 =
# toll mizlol AEEey, 2 A4 AkE
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