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A Mathematical Model for Asymmetrical/Heterogeneous Traffic
Management in TD-CDMA System
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ABSTRACT

This paper proposes a mathematical model to analyze call-and packet-level performance of the TD-CDMA/
TDD system which could serve a flexible radio resource management against multi-type heterogeneous and
asymmetrical traffic conditions. On call-level analysis, the mathematical model based on queueing theory performs
multi-dimensional operations using random vectors or matrices to consider multiple types of traffic and also deal
with asymmetrical up- and down-direction transmissions separately. Employing the mathematical model, we obtain
call blocking probability for each type of traffic and also the optimum switching-point with the smallest call
blocking probability. And on packet-level analysis, employing a non-prioritized queueing scheme between circuit
and packet calls, we solve 2-dimensional random vector problem composed of the queue length for packets and
the number of circuit calls being served. Finally, packet-level performance is analyzed in terms of the packet loss
probability and the buffer size required under mixed-traffic conditions of multiple types of circuit and packet calls.

1.ME T 4 olBEA Aulat W S BaRE
ohfeh U gelel deleieyol HHL% Az

L
[
ON
oi
o
o o
Hu

IMT-20002-2 thi5E 34 32 oz t} o]E Hewr]e] AJH]|x

* ZJBojstnl A7) 757 8 (jeshin@ee.knu.ac.kr & hscho@ee.knu.ac.kr),
*k o]i}o:]x].q]sl——-r ;HEE/\]E‘]—E]- (]hoOeWha ac.kr) Kokok ‘EO]];HE‘]—’"I ;GEE/\]:OL T3] ]_ (ylee@deu.ac.kr)
=S D KICS2004-11-292, AR} 12004 119 27

# o] IS 20049 IR E ANk 2ol 2]sle] o798 (RO5-2004-000-10272-0).

259
Copyright (C) 2005 NuriMedia Co., Ltd.
www.dbpia.co.kr



ol

54183 =24] °05-4 Vol.30 NodA

(7|7 1A=y} st FacA=—der))
e bt Az e weAd 7EE 5 4

w3t 524 (homogeneous) A2 241 E3)
= AT 1, 240 o] s5Al Au|aske &
3| W&k (circuit-switched call)2} 71 2/8+5 (packet-
switched call)7} EA]ol &A1 &8 7 38 @
T A8l F2(QoS:Quality of Service)o] ti=H
A7 el g wizbe w7z o B
(heterogeneous) 5745 7RIk wba] w|thRAe]
3 EuAA EAS Hole thel e =Y
of tigh FEAl A AR 8 el eE
et

A S e O R L E R D o) = e
sp7] 913 wkkem AEE FEEA(TDD:Time
Division Duplexing) 7|¥o] 2s] odt=1 glrt
RFBl A|ms)l EZar] wprle Eoldl FuleE A}
sapA ARke waelel A% Yash o4 U=
o sk Hhlolch wenitio] Ajnlzss} o]
cleat sele] Edo] EAlshe A%, ASRE 3
29 gope = ¥3} ol we} AUL 45
o7 A Huld 5 9l AEE =] ulalo]
ot Gae) goke B AHgSE Fer
& F-ZdAJ(FDD:Frequency Division Duplexing)®
Aurt og 5849l Al o 4 ol w
F dEir]e] Bl i3t FEA A A ¥
4 ke R ARskFeRE thE H<S(TD-CDMA,
Time Division-Code Division Multiple Access) "
Ao odtw|w Qlr). oka] Wl AR FZalalw)
Apsbmerd o A% PIe P $eshe
walo] 3Ale olEEAl Azsle] mEew Au
9lom F=°] 7% TD-SCDMA(Time Division-
Synchronous Code Division Multiple Access)EH=
olFo 7 FHdo X|ul(Siemens)e} A Nutsla
glc}. B ubAle A w3 =(Orthogonal Code)e} A7t
WIS FAlOl ARESle] 22181A ARlARE e
=24 il Helo] Au|aE Algshed Bk o
fradabl A & glep

P10 me AP ARTRELY B A
WA AL B sl WA s B
olw A ATES Aok ke 1]
o oJf vl A5 FAE 2kl shaat s
o ALIRS AEAlA aRs A%
(Scheduling) 7]%o] AA=AHY, w3l Ad
WHAlell glol sk e el aje} dgHle.
2 geFe WA B A e, o

£

ALy r,‘:L %0 |m

o >

b4

260

Copyright (C) 2005 NuriMedia Co., Ltd.

FEE aEE] W A Ad 3 WA aEla
EdE RxE aEgh 24 Ad S Aol i)

#2 A7]%5X E533|(ETSL: European Telecom-
munication Standards Institute)ol|x] 2|gF Alg-=}
k=S (Satisfied User Criteria) 24 A5-5 B]xs}
A 5o T2 A 7Hreal-time)T} B] AA|
71’(nonrea1—t1me) *“t—i vl A7 Eg

=

A T
A1 G2 Ea vekE oA Ay WEE E
dafe] vt Werlelol o P46 A =

o] A9R-EAE G o] A=Y
2 el wdAAel s B@adel =
o EAshs HEvIE] Al 234 Axd
FEINE S AVEIERY o e

(TD-CDMA) A|z=Hle] Aa 3=el AJ7ke] 22141

el 291e AT 83l WS 53k

ndlE)s Eeld dopirl FAZolMe Alske

EfE ¥3lE 2214 HEg 2 Yehfe] iy o]=&-
o]

N

Mo so] 48T o, Hie FEES
o]t B9 A9H-EES Brk A%
A AABSE AAEE ekl o] F9 )
S} Anls 2ol AZES 23498] el Vel
7l $A-B(packet loss probability)2- g} =
sk Edlg 3o zghet A o] w3 =7]E do}
el

B =72 oy 22 S I 23 el M=
T ol AMgE ARSI =RE oF A<
Ao A st Alkelee] e Atk
5, 4 B AR A AZAN Fob @
A 22 AN, R e Sla ol 27
st As $As el Asd o8 A
jqzj'g] x],.‘}_] jl]—a]._a_ _?46} /K]/\E“ _ﬁ].a].u]]ﬂé ﬁlo}
Ak vhlTeR Sgeldt EAET Az
Al Zropdl A|2Hl SRS dlglo g I B

o

. TD-CDMA AlAH 2E

2.1 ®ME 7=

I3 12 B =Eolld e malgd ARSsHA
2 ARskzeie o 4L AxEe] Ad 2
oltk A7k} A‘E%%Ltﬂ 2%%14& HH°*° 01

QaslE olFa ol ALl *F%X} LR

www.dbpia.co.kr



R AFEIEEY BF A Azgeld R B0y A e e 2

HAE3h= Ao 718 <glelw A3l |z A
42} EdE Wl Adudsle] EdlE f8koF
¥ 3Hnormalization)s Zoltlk &, A=l EY
Hahes A9 ViR ¥k eelERe] &
T ek 3 =) sk |3 Bl ojet
th2A W3 4 gleh shuke] ZHlelA ElklE
22 M= SamE FEAEW AFSF Has) a1
e 2A-FRIER o] Hrkh olE B0 29
A-EAE7F S0t SaAtelell sl 19 Bl
F4E Sw7HE= AdsF #3ed] @gE S, 15E]
Sma?HA = B1F "o FdEich AuEgdzcd
e Coz WERACE 822 A &= Ad
@219 JhE NPT ConxSwol™ 313 H= A
b2 9= ConanX(Smax-Ssw) @12 01 52] T
Conax*Smar” %I}

code’ Switching-Point

Downlink

1 2 .. S, Suu

1
1
i | time
] frame !
i 1
! E: Channel unit !
2 1. b o] A ARdIsed O A4

/xlz\_g‘{j] iHLé ?}_[10]-[12].

2.2 M4 e ALiz|2

OF 2¢ ARS-Fedd v A AzwElelA
A2 Aol thE AZlF(circuit call)9} IHZAE
(packet call)ell thgh A o] o5 HMeIFar g)
th vle] gl S AMEER] %e A JYE i
Asta ARgRlA] oty ZPAge) =3 Ad
o2 Edige] Rt 25 =] vk a=in
2 A7) 39 Edy Fil= Alddg]e] R
EAE

A7l 2] A% A ZHreal-time) AJW]2~2] AR
< 7 & 5 AlelE: Bl 3o AFE ol F
v 37F F8d w7k 22 2719k 22 9A9
Ao s et wol 7} fHEh 23 2604
B & 9l%o| Cktl, Ckt2, Ckt32] AZ 57} ZA)3}
3 o]Fe] ExY Fake] ok 77t yl, y2, y30]
ol AR 2FEshel A 7 MRlEES 2, 4, 1
el AR E 57t FuE wrkA] A fck

Copyright (C) 2005 NuriMedia Co., Ltd.

4
o
L]

f

Ckt;: Circuit call i
Pck;: Packet call i
y; : Bandwidth required by call i

Kty

Ckt,

v\Switt:hing Point

5 ion ————>
T[ Frame duration

a7 2. A g A2l o

5 Aol 293 Ad e A g A
ARl2s BEx] 2k sjZlEL viR FFl 4 (packet
loss)o] Hefubx] o Azl -8l wg} W
(buffer)ell B7] AlAE = Sleh. 23 264XH
Z155(Pckl, Pck2) & FEAZMA Ad9]E 2
S ol A Fa v =Zglelc} sk
HZI T2 A e Zel A A= A
%Ik

7159} AFEI Y AlzEeA FES=
73%, & <2 Alo{(Call Admission Control)”} 2
Aot} HlE Eol, Yukde R $AEs S AR
3= 92 AR A g rhsst Alde] #5538k A
+ 3= AHblocking)Hth o<} RFHR TEYl A
Hlzo} e Pl A she Ade] H5%
A5 3= A=A 9o wse] 7| "ok o
gy A7l 7l AAZE A Au)s e 739
Ad FEo2 AF dlelel7} A% WFH | el gl
o o= ARt gk AFE gk ol
g S 7= AlE el meAel A A=)
olfo] A 4 qlrk & FHAEIt A=A U =

261

www.dbpia.co.kr



241813 = #] °05-4 Vol.30 NodA

i HF el di7|shs Aol ohzt EdE 5ol w
g 32 A5t 3L diy)7) sFssAlE S Ale]
5 Aggtomm Am o1ddal AzlEet HzlEs)
Aol 2 5= qlek
FAZA ] e T e Alo] wAlelA], =

27 ARE Slsle] A de aeke Emloﬂ
A o)FoqA M T 2 Alo] e EE MRS
oF ZlE wF A AR dgERkS A]»Q—'c‘ﬂu‘rj_
7BEe) g EAe Au) A Z4 delvlEEe 5
$1(Call Blocking Probability)s & 4~ < 4 Z A
A Alx ol tigt Al 5o njgEs vhehd
ok @R AZAZeNA ] e & S Alelrt

olFo}xl ool oot HATE] AE %
AR 5 FRAAA ALe AR 9l
omg Auls FAo] wAe] A4, AZse] 4

5ol
Sol dole] AN Ade 2o Hre
EAFIAS) Bags e SellEE 54
wHHIY PE olE sl g £
(Packet Loss Probability) @4 AJ8|~ F4 ule}n]
B Uehlich A7 £A8e A AT g7l
gk Al sfzle] nlgR el

3.1 A5 3 24
AT HEAQ] A 34 Sepele] ghoR
FEES 5 Sk ol Tkl SlE A Ed

o) oo web B} AAF2 chA] 2l
R 39 £5E varth dFlseE pukEe]
F7E e nype— 2l MWAEE ] A
25 A H3ZdM ARSslal gkl ARk
bk ®=olx] 2 Aggicha ) ole)
BT Type—i®) AABE el TR
wh dEE] AEERHIE AL B =elA

mlm

N (L of

32
o rleo

)

22} g Wk bR w3 AEs A
72157} A2t ol &z 3 (Poisson  Arrival

Process) & whErty 7HASI Type— 8] HFEE=
8 & EAEE VAL Type— o MAZE A6
9 3 EAES /It & 4 olck 4] 3.9
W2 A2 F3Aerh. mgk kY] FspA7be]
A<= E-E(Exponential Distribution)& R elt}x 7}
Ao sl & AAEe AR B3 AR
oﬂ/k] EEIXJO}E}_SL 7]_7<4a—a1r o]o]] th} ]i\_gﬂo}

262

Copyright (C) 2005 NuriMedia Co., Ltd.

7= #" #lEj(Random Vector)© T3 o]
el 4= gl

N=(N{, Nj, -, N . Ni, Ng, -, N,) (31

oA71A WM W N, New A Type— 21 S
N5} A5 e vheRdic A28 el state)
of gt 33 WpH2(balance equation)> Gauss-
Seidel WHgHIS ARgsle] ok o ool e,
o] mh “H—?‘ thefgt A8l s ohErlele

V1N D AT Aol oot g ki
s} o] 7 4 alvk

pi)_ A3 p_i'
Yool U s

Al 3-2)F o8l ZEES 7 g A A
13k gl=ela] A A5l ARzl o8 ARy
3 ole ARl 5 Alad AdE el
= v agHor ApRle] rhsstrs vt 32
o] Adxrgle] RS WEE e Uy wE
](jl,fg)"‘:— N- BTZ AR & 4= gQicth o] of

e}

/

r‘j&l

DY Sy ol e S
B= uy Uy Up U U U e

&y d& - dp di ds - dy

oF Ak 7 (G, ) WEE o] 2
1= (nhul +nhub+ o +nlul)
+(nuitnsus+ - +noul

1
jo=(nhd +nhdh+ - +nlpd)
+(n5di+nsds+ - +n%.d.)

www.dbpia.co.kr



R AFEIEEY BF A Azgeld R B0y A e e 2

s} zto] & 4 qla Ak A ==l ALgH
o]
A

5
au
ﬁ
o,
)
=
o
o
iy
o
>
P
1)
K
AL 30 K

0?4(11 - u?,/z— Cl'?)=E[N7?|](f1,f2)]61(f1»f2), (3-3)
054y — uS, jo— d) =E[ N1 J(y, i) aCiy, o). (3-4)

ol Wl (ji+7,)>0°13, ji<0 ® j,<0ME
Q(f1»/2)=001‘:]’- Al (3-3)F A (3-4)2NE], 2

o] algtol] $]xqk 4] (3-5)9F o] & 4 9l
4(0,0) =181 £31& o]8sto] Ayt =A@
aC+, ) T F ek a8 32 4 359+

l(Recursive) 4 ANE EAHoR vepd vt
FZ A ¢l(Markov Chain)e]t}.

. ) - - .
R ,\ a A b
BIN? 1= G il \ / BN |7 =Gy i)W,
=y

|
9. 12)

BIN; |7 =G i) // ) BINY |7 = G )l
A .
R 3 2
T2 3. g(j,.5,) A Ael=
g( -, )= A A F Type— 2l FHZLES}

AAE] BEE Z pet peE B sl kel
A% 4] 3-6), BN o] A2 T 5 9lek.

(3-8), (3-9)%} Ro| F& = glrk o] o pre} pe
£ 4] (3-10) %] A=)

-
Py=BiPi+ BsPy+ -+ + B P = 2 BiP; (3-9

)4 c
P‘?:JL (,_‘:JL ) (3-10)

1‘ -
P paY

5 A71eA 25350 A olssAl #E<
UMTS(Universal Mobile Telecommunication Sys-
tem)ol e Edle] FHE E 13 o] RRIAL

UMTSA A3 EdjEe] 4712] EF= AlzE
Aledell gk 74 ] Wizt wEh Esisl
t}. d3}8(Conversational Class, CC)2] 739 A%
Aedell W3 W= TP 22 5, AR Aol
2e3 EFSeln], o9} Wiz 43 (Back-

ground Class, BO)&= A% Alddll= w17ksix] e
=3 Slck

E 1. UMTSeA £53 g 474 27

E A
E e
Eal x)ed W7t E EH%:]/ S8 ofA|
TOEET g

ti3}8 | Extremely
(CO) sensitive

Simple voice,
Video conference

353 | Very W]l Video on demand,
(SC) sensitive Audio on demand
A58 Web browsing,

Sensiti IR R
(@) ensitive [l Data retrieval

E-mail, Uploading bulky

N e el s . 5295
w3k B, Bf;e“ olgsl] IHZE AAe T gijO Insensitive | B]tHA |files, Downloading bulky
I A7l AAY FEES E HolA| skt A files
r I°
2 (ui+di)oia(jy—uf, 2= di) + 2 (i + di)ota(iy — uf, 2 — d5) = Gy + j2)air, ) (3-5)
ConSuw—tlf Conr(Spu=S)=d}
Bi=1- 3 ( > a(j1.7 2)) (3-6)
J1=0 72=0
ConSuwtSf Comr(S =S —dS
B i~ 1 N /2:0 ( 'ZU q<] 1.7 2)) (3_7)
IIP
Py=BiP{+ BiPi+ - + By Py = X BiP} (3-8)
p

Copyright (C) 2005 NuriMedia Co., Ltd.

263

www.dbpia.co.kr



241813 = #] °05-4 Vol.30 NodA

Aol AH4E Eele B3 E 29} o] 4
Ssick Tkt Eele B4 wia) SleA
1olA] AAg Ed e FA8 wedsiglon] 7
sl 2o Yol AU ZERAL, 20

Akl Helds sl 1 zeleld el g

0, At 2 ool g

F 2. 3A1F Mol AHeE Ed 3

Circuit call

Type-1 Type-2 Type-3

Edg FF cc el cc
Uplink Load 1 1 4
Downlink Load 1 6 4

Alarrivals/min] 0.30 0.05 0.05

[1/min] 0.50 0.20 0.10

Packet call

Type-1 Type-2 Type-3

= F IC BC BC
Uplink Load 1 5 1
Downlink Load 3 2 7

Alarrivals/min] 0.25 0.10 0.25

p[1/min] 0.50 0.75 0.40

z
= %
2 "

o

e

a

o

£

-

)

Lo

@

10 i ":@ -6 Type-1 Circuit Call
—¢ Type-2 Circuit Call
= Type-3 Circuit Call
B Type-1 Packet Call

Type-2 Packet Call
rt Type-3 Packet Call

10 x _

2 3 4 5 5 7 3

Switching-point(SSW)

EEPRRPETIE PED RSN

43

4 (3-5), 3-6)°l 23l T A7
ﬁHa‘iP% el Anhgge vehla ek 4744

Edg Elgle] ule} HA9 3588 WHole FHA
o ~A-EQEF} vl S B 4 9tk ¢l
o1 B Type— 13 39] 3l 2SA-ZQE

34 H2:0] g Helt Wl vel2e] )

Bm SA-FRIE 4ollx] FHao] FEES 7RIt
a7 5% 4 (3-8), (3-9F ol&sle] 7 A7lE
264

Copyright (C) 2005 NuriMedia Co., Ltd.

o} Az A Ade-s vehdrk Hxol I
& /e #AAe 2slA-2REE SzlEe] 9
3, AZ=e] A5 45 7RAIek

D‘

Blocking probability

; =& Circuit calls
. : =4 Packet calls
2 3 4 5 6 e 8
Switching-point(ssw)

a8 5. ARzsE AR A T8

7 5ol G SRS A 2 o1
o

2] ka1 /‘]—/zsl-ffk Ea}] B3 }ook

o)
o

xﬂ]{ Aol uple] olaa] T3k AQA-TIEES e}
Wick afe] nlel oJdk AA-EE AR s
3} zo] Az 4= gk
U /S (3-11)
TU+ TD max

o
=

T, Tpyo B3 Feieh 3 =285 a1
koled A (3-12), 3-13)F ol&sle] &

30 W
s

=N

T,— iu%’f-ﬂ- > (3-12)

T,— id?ﬂf+ 3 ik (3-13)

2% el Slgk me

E

br wdle olgdt Awle} szlEe
PIEAR:
]

[e]

o lo
i,
%

rir
tlo 3%

iy
5
O

7150 A a¥
T 5 ok A AzE 284 A
W7k A7 e wlal vl 2 ul
ge g
L2 I e e -2 A=A EAR- A R R
2 H|EE Fo] HAY ~YA-FIJEE AF
o] x]iﬂ 5ol gle] B} mgH ot} 1
|28 E T Abskslolale]
QL 42 g 2] deshile

o
-
i)
o
X
N
)
d

3
ri
R

N
I~

(
-

P

e EoQ o
oo W, 2

).
i& d
K

ﬁﬁrlrénﬁo o 2 1 2
O TR
N T
i )
ot T‘ i
0o B
1= % o
= %
Y
S ol

www.dbpia.co.kr



4.1 WA-AE 2o 2g

AAAZ W 5 S AlE Bl 57
R AR EEe] AL AA A7 S
Aesish wse] g Tbse gake ol £

(i=1,2,,00)% W52 & gz 7As)e]
Qelalole). weld, Ayale Waeld e wh
siije] Asahne kel BelE 99 a3

2T RE

UL
AAZ e 175 TR ke oikAIR-
o} 48] (discrete-time-multi-server)2] ejzZ =l
o] 7hsdlth A Azwlel] AR <l HH 3z}
o selslei WAL S St elels
Z2A|2(batch geometric process)!'E wETiy
7Hsta, o ZeEsiviel =3l 7o e 2
ol (Poisson) EHE HEE Holn AE FFE|o|u
Z+e R-¥(iid., independent identical distributed)z}
7Hg 5 AT M fARIAl Bl
Az} AAsR ek A ok E
glo] 3okl wel B FHE TRk
2, A= 19 FHIF JeH Type— i
M Z= gbFel AL E 31 H=elA AR
1= A oo i = ST A Rad L) -] U
(call arrival rate)S 7HA& Eold T2 RS- ul
2m 48] 5 AJR]2f(call service time)s 7HAE
Aq #EF Helvka 7Pt

g 2ol w3shs AR Fe] NG gt =
FES o7 3 44w Poisson HEES TR

= ohew} o] & 4 ek,

]

=

L)
o 8 e

k= ATy
a=ATre 01,2, @)
A7IM 1Az 1 ZAES] Flela = vt

o] g 5 glek

Ac= 20 didi

=

714 EdE st 2 ARlEE =9 v

Copyright (C) 2005 NuriMedia Co., Ltd.

jeE ol A Selerin ks MAEe)
Azt e ket o] Apulage] FEow
ehd % glrk

> didis
> diis

s e AE T A AR el
of EAQelA] Fi SHEolv thesh o] 2uk

u=

= {ame e

e §lvich Zpe] siZlsel| Afu)as=
A2 Adeele] Az wdEe] A e

o] A gl HE A £ ()T AP
batch geometric process)2 WETl
Ak Alzgle)] o) ZHgdvict =atels w7l
P AR SRAeIn 22 RIS Mo|w FolF
g XS Belvka 7Hgske 54 ZHsdel pl
o]

s7le] BAE FEe et 2o] £ % ek

=,
olx
=

ol X

N
o,
5%
o,
~

AT k A, T
ap= AT 1,0, (42)
b o R Hzle= fixn|aet glo] Hagk A
i A = R R P gt B P RER I EA= gy
A7 = el HlE ddS adE
A gk o] e arEsle] i =tellxds A
[e]

Zl5o] AMulzs AZEE AZlse] vlEA] vl 2
3 7Pggke) webd Azlse] e 5w 8
7} WhisA dojuA|ut FFlse] AS- 5 Fw
23 5] WA dofhx] oa AE5E HFlE
oA wf zHjlvicl HAATE Al A
WA F87F 28 63 o] Aot w3k mE
WAEE A fdol sidshs Aa5E Ve
3 3}(Fragmentation) W=+ | w(Padding) =] A%
b pslglene i szle] Mula A7k
1 7,24 A4 (Deterministic) 5 71#lckar &
T ek webd, 23 60ld B 5 gl5o] (WA
ZH oA ArIAE v FFl(Arrival)> 5 (N)
WA =z Y] Eollx B%F 4H(Departure) Tl

»

¢

265

www.dbpia.co.kr



g 5A1 8] =EA] °05-4 Vol.30 No.dA

Base station Data\ 1 cU{Channel Unit) nZ)"C— S ﬂ]‘ﬂ% o]_?}” %r/]’. 7_}7_}01 7}1]%
4 N el @) SestE Sisjo] RSl A
| Buffertx] = (0,0), -, (0,C),(1,0),,(1,C), (K,0),,
v ~ (K, C)E 2 % olth A4 Aels vehlis g
= 0<i<k, 0<j<C2 FAstlA ok 2
o] Ae] xlck
v ¥
Scheduler

Wireless channel

— 1; y/ [o—
x ;= lim P{n}=i,ni=j},

xz:(x i,wai,l’”"xi,C()’

N-14 CUs N+1.. CUs
th X =(xp,x1," ", Xg).
e > C\‘ ( 05X 15" K)
Arrival Frame(T)

[P)Z,?:t‘ﬁrl N-wram;\, 1 CUSN'"HW NmICNJ; e w2bA (g4, n§) el Ael(transition) FH Q= A

281 6. shF GasiAlel Anel A 2 S

gl A= e goiy JHEslEE & Agog Aoy Aoy v Agx Abk
et Ale] A dAAss} W e geke 4 7 Apo Ay Ay o Auger A
93 7B SR 0)E S B2 £3K O Q= |Aco Acy Aco  Acky Alx
A 5e] Goke W A ¥ oo 77 Dok 0 AcoAcidcy v Aok
WAlsE wE o] Auls A7l | 7elEi 5 0 0 0 = Acc Atcn
75e) gauct o we o) sjzle] s 00 0 Acen A?c@ N
AESl A % F 0 AN Ske Aol
M1z AR s7b mAE] Ad 8 A7 (C.A+Dx(C,+1)F719 AR Pl 4, = o
#H8 Zbssieiar iRk R, A el B o) smag)e) el el shgle] wisel o)
®ApIEE A Ik A D] KA AN zo)m ey maqe) s A9 Al v
WA ARAN VIS APAE SR AT o) goiqlg He) A bk A2 94 4,

& A R
i) ZelRle] Lol wsle] o} gl e

b A% B slolAls} chesloln] siste] 4] @44y~
@D 2] vkl S ool @,

., N0
G aEha ool il Zelele] BelN AH % <08
p_—_nolv o© 6 3] 7lo] 2= 2= o)
AR5 42 o Upehpe Al A (l, a;=0 13, Q. (m, n)< o5 2ol & 4 Sl
al a -
A; ;= Do *Q, 1<C—-C, 4-4)
al a - b
aj aj aj
a! d e d
Al"jz d?fl d?fl "" d?fl . *QC, > C— CC (4_5)
dpjfi+C7C(+1 dp/—z#c—c‘ﬂ dﬁj—wc—c(ﬂ
ﬂpj—z‘+c—c( ﬂpijc—c( dpjfwc—cL
(a))" (a)" -~ (a))"
Al=| ¢ P b k@, i<C—C, (4-6)
+ + +
(a}) " (&) ()
266

Copyright (C) 2005 NuriMedia Co., Ltd.
www.dbpia.co.kr



= AR e R v A4 A4 v

= Az]el g 3

m—k_c
Sm CAn—rk

o ()5 (o) THE2l A (@49), @-10)
2 olgsje] T 4 e
i=1
(@) =1- 5 49)
() =1- 5 a5 (4-10)

SENRVASE E T BNTE I IS
(element)9} Dx7]E]e] Foz Aol AHAF A
Ell(steady state) ZE X+ A (4-3)% FE2 A9

= o83 vkl A @-1nell ofE 7= 5 ik

@4-11)

K C.
z;]];)(:i'j: 1

zHq] ZollAe] A4 A BE xE ol8dlo]
37l $=A8(packet loss probability) the #Ho]#]
See) A @129 D] T - Ak (44—
O E max(i+j—C,0)05 Xk

XQ= X,

N

o

A M 24
4171 ALl s s A8 vt 22 A
W sjeiele g Aelg,
- T, = 10 [msec]

- C = 30 [channel units]

- K = 40 [channel units]

- A, = 0.1 [calls/sec]

- p ' =120 [sec]

a8 73 33 8 AR =283 A

/

e /
/./

N

Packet loss probability

10" /

500 1000 1500 2000 2500

Packet arrival rate

=
13}
10°
10? I ———
10* /A//"‘ //
210° 7 e
g o
h
i / /
=00
%10 &
& /
10
10 ¥
/ & =160
10" — =1/80
/ -6 1=1/100
= u=1120
— =1/140
10 :

H
500 1000 1500 2000 2500

Packet arrival rate

B3} AR T A age] e AR EAE

2l g
o] W3}

512 77k vehil ik $4 17 makge] 21
Y55 s EAlgo] Z7IIS AT & giek =

(a)* (a
(a)* (
A=l @) @)

(ap/‘fwc—ciﬂ)+

(dpjfﬁ c-C ) ’

C. K =)
_ D,
PL_zbszi,j Gk
J=07= k=K-0GT;-0"1

Copyright (C) 2005 NuriMedia Co., Ltd.

(dp/'—z'+c—ci+1)+

(apj— i+C-C ) "

(ah)"
()"
(a’1)" *Q,, C—C. (47
(dp/'—i+c—c(+1)+
(dpj—wc—c()+
=K+ G+i=0" 2
p (4-12)
267

www.dbpia.co.kr



54183 = 4] "05-4 Vol.30 NodA

ARgle] izl EAAEe] AR
Z 5o e Aprde] s

¢

A 3
r nlere £ b wdls S6 A2 ol
=Age] Z7b o 77 dEAel e E4 jlelEe g

]_

ol A A,
o wel FaEy webd AZlerb AdS ARESE 7 7l SAES Tk
A & BEo] 0°ll pisky] wiEelck wEhA A s AZA S & S Al v, &
Az A2 ff(idle) AH AL A4 5 = AHE S8l A dge aske DAl
Al =o] 2zt se=dshA| wek o] Follom FEEL AA AHE AE Zel digh
Akl 3o] g veplisich Ayskd Eed
10" 5“
i 2l
i 9 pae] M2 HAre) 5EEE euls 297
2| Simastonyesat 7, = 500 £ 5
'%10
7]
27}
A 00 | A4 S %‘H EHZ! £AES 7Y 5 M?\)\-QAD%
rmn A mAE AR5 wAE de|a Au|edel
Z T | 2 WS dolrsghrl w3k A EdY 3730
I I e A e e =)E T 4 ek ol e
Ads A AH8A] Fadh Azd sepilEzt g
é%g&).ﬂ:ﬂ;}ﬁiﬁl 27191 A7 =ALe] Wl e AR & 2 glom EAzIele] F4A Fald] W woo
ZF HoZ dAkEr
a8 9= w#e] =719t B ALl uhE s
) e wolFw ik Febd sdle) A p——
= AFIPIsIE Algdeld A= A =418
ot 28 95 F3led W] =v|et Azl =Asw (1] Prodip Chaudhury, “The 3GPP Proposal for
o] dnbHsl IAE I 4 9lck &, wHe] = IMT-2000,” IEEE Communication Magazine.
7I7F s, A =AEe] ges AR A Dec. 1999.
£ s, AR wise] =77t s, (2] D. G. Jeong and W. S. Jeon, “Comparison of
7l Ao AAGE F7l £Algo] Zlkith g Time Slot Allocation Strategies for CDMA/
A, 18 95 ol-83pH Amx Elglel] wE dagh TDD Systems,” in Proc. IEEE VIC 2000-
e 2715 78 5 olrk dlE S0, & =wellA Spring, vol. 2, pp. 1186-1190, May 2000.
AR EdE 338 7= 34 o584l Al (3] Povey, G. J. R; Holma, H. ; Toskala, A,
AP} st A7 =AHEo] 1000 packets/sec o] “Hybrid FDD/TDD-CDMA for third gen-
o sizl Aol 0.0001e] ZFEHL] FdA AH] eration cellular systems,” CDMA Techniques
25 AlFstaat gekar 7Hgdskal o] wf Fagh and Applications for Third Generation Mobile
3 Z7= 23 9ol o3t AHojm 480] HE o Systems(Digest No : 1997/129), IEE Colloquium,
= Slrk pp. 2/1-2/6, May 1997.
(4] T. Ojanpera and R. Prasad, “An Overview
V.28 of Air Interface Multiple Access for IMT-
2000/UMTS,” IEEE Communication Maga-
B Eellde AR olEEAle] SAele & zine. Sep. 1998.
T o= v s g vekeE Ed (5) Hsiao-Hwa Chen, et. al., “China’s Perspec-
o] Exfshe AT Etdd vhg A Aldl| tives on 3G Mobile Communications and
268

Copyright (C) 2005 NuriMedia Co., Ltd.
www.dbpia.co.kr



B AR RERY

o A AlzdelA v

4 Eam Aol da 55 wa

Beyond TD-SCDMA Technology,” IEEE
Wireless Communications, vol. 9, issue : 2,
pp. 48-59, April 2002.

(6] Marco Conti, “Traffic and
Interference Adaptive Scheduling for Internet
Traffic in UMTS,” in Proc. ISCC 2002, pp.
391-396, July 2002.

(7) T. Kriengchaiyapruk, Ingo Forkel, “Adaptive
Switching Point Allocation in TD/CDMA
Systems,” IEEE VIC 2002-Fall,
vol. 3, pp. 1456-1460, Sep. 2002.

[8) ETSL, TR 101 112, Selection Procedures
for the Choice of Radio Transmission Tech-
nologies of the UMTS, V3.2.0, April 1998.

[9) Oliver Yu, “Optimal Medium Access and
Admission Controls of Multimedia Traffic
over TD-CDMA Systems,” in Proc. WCNC
2003, vol. 3, pp. 1573-1578, March 2003.

(10) AAA, =3ZAl, “TD-CDMA ©]55Al Al
Eilo]]/q E].Ol 2 -61-1:]— ulm » zr]—% ij/y]
31AIEg gl 3], July 2003.

(11) Ho-Shin Cho, et al., “A Time-Slot Assign-
ment Scheme in TD-CDMA/TDD Systems,”
IEICE Tr. Comm. vol. E86-B, no. 12, pp.
3622-3625, Dec. 2003.

(12) Ho-Shin Cho, et al, “Call Blocking
Probability for Heterogeneous and Asymmet-

in a TD-CDMA System,”
IEEE Comm. Letter, vol.
706-708, Dec. 2004.

(13) Toni Janevski, Traffic Analysis and Design
of Wireless IP Networks, Artech House,
INC., 2003.

(14) M. F. Neuts, Structured Stochastic Matrices
of M/G/1 Type and Their Applications,
Marcel Dekker, INC., 1989.

(15) 3GPP TS 23.107, Technical Specification
Group Services and System Aspects;, QoS

(Release 5),

Enrico Gregori,

in Proc.

rical Traffics
8, no. 8, pp.

Concept and  Architecture
V5.5.0, Jan. 2002.

(16) H. Bruneel and B. Kim, Discrete-time mod-
els for communication systems including
ATM, Kluwar Academic Publishers, 1993.

Copyright (C) 2005 NuriMedia Co., Ltd.

M A R (Jung chae Shin)
2002 8¢ 7
-

A7 e

A3
gtw A=}
A}

2004 8 AEUFm AHw
B FEbal

200411 9U~3A  AEUEFw
HAAFget) Al

<FAl el o) 5FAIA2E, F

AR, Freslel

4o

r %

0| & EH (Yutae Lee) 314

1992 29 F=FE|Ed &
st} o]gha}

19943 29 =y &
Lkt o] A}

19979 84 =i &
3t} o] ghutbal

19971 9¥~20004 24 ¥
AAAPEAI T4 Al

20009 3¥9~A] sty AR EAFS) 2w

<FAlFol> FEIAHE, FololE, FAIYsIA

riz

Z A 3 (Jeong ho Kim) 23]
19914 29 &= FHsrledd
A7) AR St
19939 29 3l FEledd
A7) 4 Az FEAA)
19991 2 3= Hsbled

‘ ‘ 7] 9 At gbbal
< 199349 19~19954 79 LGA

2 HErr]o] A

19994 394~20004 29 LGAREA T
A4

2000941 349Y~2001 6% Virginia Tech. MPRG
(Mobile Radio Research Group) Visiting
Scholar

20014 74~2002+ 8¢
i Asledrd
2002+ 9d~EA ol TSt AR
Alskt Zas

<ol 2nkE gl Al2H,
Al A Al
Bl

LGAA} UMTS A2l

41 T
o155, W=, Fo

12 of

269

www.dbpia.co.kr



o
fol
>

(Ho shin Cho) 23]
19921 29 3l FEledd
A7) L AAEE FEa)
19943 29 = IErled

A7) 4 by} yEAdap

N 19991 29 3= Isr|ed
[ @, A7) U AxlgE) FEEap

19999 3Y~20014 24 &=

ARl AT AT

2001 3¥€~20039 29 EEldlEw AR R
FAAFE TR At

20034 3U~HA AEHEaL AP AR
FG

<FilEol> o]FgAlAzE, FAxlHE, Ed
Ae], Froflel

210

Copyright (C) 2005 NuriMedia Co., Ltd.
www.dbpia.co.kr



	시분할-코드분할 다중 접속 시스템에서 비대칭/불균질 트래픽 처리에 대한 수학적 모델
	요 약
	ABSTRACT
	Ⅰ. 서 론
	Ⅱ. TD-CDMA 시스템 모델
	Ⅲ. 호-계층 해석
	Ⅳ. 패킷-계층 해석
	Ⅴ. 결 론
	참고문헌
	저자소개


