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ABSTRACT

In DS-CDMA mobile systems, soft handoff is recognized as reducing interference and increasing reverse link
capacity. Whereas from a radio chamnel resource point of view, soft handoff can make the system performance
deteriorate significantly. This paper is focused on the channel resources utilization of soft handoff for evaluating
the performance of DS-CDMA mobile systems. From the result, when the soft handoff region is extended with
the given channels, both the handoff rate and the mean channel holding time are increased and these make the
blocking probability increase a great deal. To maintain the required blocking probability as before, additional
channel resources should be supplied according to the extended region.

I.ME A Aol Heold} AMze)ez Qg AlE A7)

2] Wge] A% el o]FFT UEHS F7 o}

DS-CDMA o|5541 Alaglolae <13 A ¥t olHAlEl S AlFele] Wi} P L4 I
ofjel F AAXNE FAd Fd Ful AdE A7z B8 AES A Alxde] Ase

A 4 lgez s axE duews) sby ARG

2 712 A% gele Ade AR ¥ A= sle Yuers A ZIE AxddiE
& A9 e AL /189 s= deezd Qo) 2T A EsR ds) dAHoE oW
g2 4z Yueme Aol Aste 4 FA A g4 AN glo] s Aulsp) 4
o AdE WA AL el 7189 Ade 4 e 30% o] FAselopt PP wze
o ARk ol e Yrom s%e Ao 7 WX A Axddie o1FFe] A

* ZASgEtE P RRgey
=55 K01111-0403, A<=} 12001 44 349

1625

www.dbpia.co.kr



BT '01-10 Vol.26 No.J0A

Aol k& 7ZA$e] F telHAEE $8 o=
Hog ula QS FA ARk olHE AZE
Yo FHY xYo] Hohuy, T4 Av 34
oA T3 tlolHAlEe| 2j& o]Bo] FEAH,
A ShelE o Y Ad AHkes q
o J=om wes) sk Ha Ad FH Az
X AojAA "ok ofehd ARl AR AS
o FHE =z Adw FMAA =HA Y=
o= vlws} sd AR 221R s AdA
o2 BEANRE A Axd e Aty
A B maa Aagle] mgAel TR
ggoz sAF MY Adu)e) A e
A4 Aze Pgmex oo sl Axd %
o] mlA odgpoll ha) At Bajo] 2L

7189 = Y=z Hpdh= Edy wde
Axe guowxe] A g g =t §
7] d el A % =Y 2l A
el xmE PYuoxm g wWsrl AlAsle)
e G%e M) fHde FHE AYe
TR Y=o x wlE &t o] mde] uwlE
AR T8 4 glelol T B =4
= ezl 249 499e wAs Ymoem
HEE o237 8 A o154 =dgH? A}
43 AxE YJoes =By wdg ARSIk
EZF B =R Algkle AXE Jd=ex Ed
¥ mdo] Ad H4AZES siHEel wes
& & g 2l sl olgt 2ay 2dd
) Ad A A7k Ta] S8 4] AMes
Tk e AT, 2 =Rk ol
sjatelle} §g AHgsle] DS-CDMA o] F§Al Al
o] ZAAS] g S AaxmE Yo o
o] wzy) Axslel ulAE gk o 248
ek

I.AIZE #HEQX Egjy oy

g A4 AME= CDMA Fuky Fjd $=
e Hald aia} 1 v} ZAA=A, =g 2a)
7} & AedAe w5 74 CDMA F Ad
(frequency assignment)-& AM231A4] ®ct et %
7| o]4ke] CDMA Fulg- Ade] ALgHw 3l= ¥
oy} A Jelx m A Tl HAAY = 9A
Helh £ w=feie #4& 84 CDMA Fx
Ade] shigt ALg=E7, AAH e BE Y=
Ly AXE Jeestety 7l

1626

1. 0IF 7Iel%} ol =™

Efy zdg 98 gt 3] sl Al
& Apla Aol FE3 EARE o)l 7}
3iAke) Lol WpgRe MR FHel Wy wgo)m,
& Bkl b3kA derh olF Al 4%
= Tl [0, Vi lola, Wik kel [0, 2411
49 $EE Wk w3 Al 2E A5E
T 249 ASE FAEC] gle] RE A o
el Fo] EAden ¥, &8 sy
Bo| ARkl W} WA v $AALE B9y 4
el slvka Z1AgE) A7) 71 shllxe @ 42
sl B3y fleeasl §F Auie {&sle
y Y=oz g) FUscla & 5 Qlck o &
A AHellx] A7 B3Fal Aol 2Es]
€ IB7IA o A 999 A9 P, 39
A% 4 ol 59 P42 & & g
ujeb] 54 d2Re|d] HF =T E e

a=-21L )
olch drlelN ol whel WA @ EEFQ B9
1E, Ve olF JRIAY W oIF 4% L& A
g FH9 ZolE vlehic)

2. AZE Hleen A

EE DS-CDMA 7A=& sl% Al3E 34
FE3 Qe o]TFL o] HAR ASEE d%
Hog FAsle, 4 4139 3H o] st &
ZIAFLE SR B AT, 0] JIAFLRS
B & Aol 488 Aadlel] it HRES 44
o} w2ty DS-CDMA Al=glollx] A HAR= <4
A 71AFLENE o]FTel PAlEleE RIF AR
o] B AY Hdlo o) A 5 Qlok A9
+ Ak A9 Hes 87 AR FAgHe 9]
3, 2 A2 <lehvke 4] el glEivE A
Hglohil 7Rt 29 12 oA sHe] Q3 Al
=2 Ao gla, A ubge] R4l £74% Ag el
Wk

£718 ARche Ag) $7d o Aldlsha, =g
Ed 2d 842 fol& s, U o] #ol
A 57 Ae B 935S il 98 AR 24
3 Azlch. &2t A AAle] we] Rrolw U 4
o L R elth

www.dbpia.co.kr



3/ ALE Q5T oodo] DSCDMA Al4le] EE7) &8 nlAe 9% 34

Ru={ %2 R~0.91R )
AxE feexd HFse AlgediE FAHE
gHow sl AA} sht o Ak A Ba
ol E=te] =4l A wHlle] A7) A # B}
F AYER, oJ5oi f9lss ATE JroTF
2] ALo] AzEw, F2 R fEIle 4TE
Yoo x 5ol o) fuEeE AHA AHEID &
=y edere 52 Ale]l FH=w AAlIA
o] Axe Yo ALo] Aatat FH ZHE R
HellA] Alat Arlw 713t

3% 1, A=E foexn A4

Z3A Bl #ldshe 93 A9 W) Rew thedt
o] A9 Hrf

Ro=(+a)R,, 3)

Al e T [0, U Qe FAY A=
hehRE Aol

3, AZE Me@udol FR

Az Frox e wddas 27 2¢]
et A5 el A 71 ¥8ig 3 FFE A"
t}.

AA 59 Yele A AA 4 JPellA A
£ AlffEmew cal)Eolck AlffEelirte & Alat
the Al eiAE AdE 25E f4EsiAv o)
E50] A A BE wleld w7 ARtk 5
A 5 el A AA BE 8 $3= Y=o
Z3olrk o] #]1EEE AA BY ol § XA
A fl=e) 7A B olE AR #EFHe ¥
elojc}. AR 5] Hule A Ash A B AR]
2} 339 dYolM BPss ZEolk o] EES

Fa A o) ol g Aoy AfEE EAR ¥
) FA] o xg a3 FFolrh

A4 B 7 8
(!iiiliiié;m;jlllllllli;m;j!::E:::,’
ATE Rk

Hegodds

g 2. 2=ZE feew ey mddi 3 3

4. 2TE TS G HiT

AlftEse A 73A A Hell gEshA EAdtin
7R A 9 B 3 23 9E AvE i
Agoleln sy, At A F HF DS
A THET} o] Feizict

Ape= ARof e “@

Axduvie] 28 Ao sleidelEe] BAHLE F
datw, Azl wetl WalA] ¢ FAASl 3y A
ele] ook Z1E, ¥ A2 fishs W =
2age 3 AR¥e fEsHe YF d=exgs)
Fdslm & 4 vk e fiiEe foes
&2 7RIR} el FA el ol T A slch 3AI%A]
e ol Vupdd AeExsl YMSlaL PrE
AE B-E27E0)E SR 9Felx] A BE
folEe YuemFe) Ues A /u(l-Pp)7t B
o} 7RRIF} o)Al 28 BF HYEE A& T
57 ko] ¥k
,1,-,:=2ﬁ VR,(1— Pg) )
Hp
3R 9944 YA duexde A A9
77 B Alelo|lA wHAEE Al EEFE 3
£ At 3o sigrich £ G900 LAEke
A o} e e WAE 4w v Ao

Ag=nA (R, — RE)(1~ Pp) ©
W. g HrAlZ

ojgRo] A Uelxe] B9 Ad AR Ty= 2
5 A& Azloht o529 A W AF A7Kdwell

1627

www.dbpia.co.kr



2183 = F2] '01-10 Vol.26 No.10A

time) oA 2R Aol dPRich B =feld A
olel Edy =xlo) AlfEe) Yoo odoFo
izt 4 W AF Azke siAdEe] wbiez 33k
& g Edy mdd et axe Q=
Lo ARE, =z g% 9 Hl5e) g
A ARz HE: =3 (1] A" AAE
ARSR) e 7,8 AR A AR AL T
U A A T, = d9Em
Ad AFAZRe R Asd, & depdE gy Hl
=5 w8y AN A9 H{AzE BEIS Fr(d
& thaat go] FAEc

/{”C
Fr(t= m‘ Fr.(®

g
T hF At ay, Frdd) ™
A
LAY+ AN,
F FeF Aot Ay, D

Q7NN Fr D, Fr(d, Fr (02 Tw Ti
T 208 A ARAL 2X3 o)t

ole] o§§+ o] EE (complementary distribution
function) ¥ F&,()% thsdt Rk

FSG(D=1-Fr(d (8)

Ad AE AL Al A9 Lolis 38 37
Tl =l upE 7Re A5 EE  (negative
exponential distribution)® ZA}E} e,

I "(FG () — e ™Mar=0 ©)

wabs ATe Yoozl HJF Apd AF A
Zbe ohgst 7ol 7 5 Ytk

Tom= [ FS(Ddt 10)

V. A5 2y

AZE oo ouo] Axg] Ay PRz
e Al 3 AdEgdele dist 3ol
AR 712 FAl ARy Sl L E
Y=o o digt A7 wEES vzsp) A8
Yoo 255G Altgd vlsl] Ad &F A] ¢
AP FA4 gl wapy Ags BE2a)en
Y=o A g g §Fo| Folaleh e 2}

1628

Al WA Age] 7} Crlel, wE Ade] ¥
39 Fel AR sy ATid s exdE BE
7 He] AAR ZPgeh w3 2E 3 2ol
4 I (poisson process)el] wzt AR, HF H
AEe] 27elA TR AR ZAol A A B An
2ta 7Rch A AR AR 33kelel 3o
o]l 1/ugd FAFEET 73R & Ao
A A 7t AHEER Sle AHE ERla Y
B3, PE Axde] Ad Ed A& {EE A9
&g, o] &8 Birth-Death processel| 2|s§4 &
F vk ¥ 3% ofEdl Alxdle] Adielx
(state transition diagram) & jepic)

A +A, +4 A+, +4,, A+ A, +4,
ne i o 3 ¥ w i o

U=

2w, (C-Dp, Clta

aE 3. AeAcls

Nejiol =l A4 Aol 8F P ches
2.

Amet AT AL,
Pi=_"‘—[,;{—'LPi-1-
for j=1,2,..., C

A Aeela BE Aeie] F32 10] Hele}p &

)

i

3P (12)
ojck. el WA E Arjsl EX ol 2t

(et At A0 17
= ne e
PO [g’ j!#}H (13)

(At Agtay)
P ey (14
for j=1,2,...,C

Ates) glreyiel 827 BE Pyi= BE S
ol 39 Fo] AxEE Aol dsing, A
2elo] Ak Peell 9lS EhE sk

P3= PC (15)

www.dbpia.co.kr



8/ 425 Y292 G9o] DSCDMA A=) £8) F&9) “A= 9% 24

(137 (1)L 23E, 557 452 o Ak

(A + A+ A0
Clug

fb (et Aict Ay
= Mty

A¥E Peow gHo WEsp A gl o
A FEE 25 A9 ol el ZiRE
W B85 A% AZE 1/pp=1202&, o|FT SRt
#Hd £= V=60 kmhr, A F 20 Ad, £57)
& Pp=001, A ¥l R=1 kme)c} xF Y=o
Zof s WS F3A] o] wEel, AR
¢} Yo exdel BE7) gL Az

27 4= AZE P e xodde) Wil AFE
2} Y=o wFe] BEI) G vl JgE ey
sieh 28 4elMe BE7) #Ee] ATE Yoo
doe] T AT o7t AR G 7ER2] A
el A5} Yz esse] BEsge] e AH
3 ZHAE 4,9 $E vEpt ginh ATE 3
e ofde] FylEpH A¥E Yreox wlEs)
Ad A Azle] S7IslAl Hej 53 vle} o)
AFA R Alxd] BE7Ee] V) Hie e ¢
q&g 5 9wk

a3 5 o7 4 ol E B o)l 4%
7} AR B 9ol AxE oy Wil 254
of "X gas vehlich oWl 2,.=0.0385
calls/sec/km’ e} 7}t o] Agolm 22E A
E2x o] ZrslY HEF)Ee] FFEINk =
g A0 Z o]FdHE o)FHe] A& oF olEw
of mla] HE7Eo] gt w, ol#ld} el A
o] A AH Zhasidc

Blorking probability

0 00001 LT T T T T o o
0.0z 0,95 0.1 0.7 0.5 1

Call origination densitylcalls/sec/km')

37 4. £ZE Yrex o4 Witk wE £E7)g2] s
M 34990 & A4-0)
(i) 499 A 9=el 30% Ax T/ 4-$Ha=0.14)
(iii) 2H G 4 A2 60% AL 2715 7$(a=0.265)

0.5

L, =
0.4 (111 B

7
0.1

P

Blocking probability

54 100 150 200 2%0 300
Extended handoff region (%)

a7 5. o]%F &% 4¥E Jrox oo Wiyl B
738 vlalE 3
(i) Voa=lOKmyhr (i) Vuox=60Knyhr
(i) Vinge=120Km/hr

% 68 AZE Yuox QoS Iyl A
9o BE7)EE P00l §A A7) 2713
22 9383 A F olFES &% A 79 A
Sl ol ebigiel. o] Al 23 5ol FoiA
=9 palel] wje} (16)~ell s Tk ¥
6old] Pe=ox oo} FH o EBHEE oA
A FA2A717] Y- o] 4] Sl B
o 875 Ad e Zvieel #& vl w
g AL g o]Fdhe o)Fo] ;A olF olFw
o vlsl BE71Eo] 7t ol v wE Ade] &
TE ZAm = (114 s A Aoy 9by
A B Axdedx] 2uEe YmomE AHRE)
g SoFS 2v) o)Ako R ZUMAIvkE =lof sl
o] Age] AujA gL A} 4xnE Pgmox
& sl goleln sHAEe] glvh ofeidt &
3L AA Muia A o BEE A2 £
MY Yuex TR =19 A2, A
zex ojde] Al Aw|A <9 300% Hx Fv}
g Al sigiich 1]l 6Gi)el o] R=1 km,
V=00 kan/hr, A = 20 =219 Ag, Pg=0.01,
1/up=120 sec®] 7}Ae|lH HTE Yuo I g5
Z7MA  a=1]] 739l EE9E Pp001F {7
A7) YAAE C44R Z7}AAE F9, ole
oF 228 Fvlel| sidicl o] Hibe FrkHd F
A A flo] AxE P em QGouk ZrlAlF)
o Az g Al AsiAE & elgE o
mlghch

28 78 A W) k=1 km o]z °|E=% Hd
&% V=60 km/hr, A 3 =20 Adql A5
o} =24 Adal Hfol e ~nE Yuex F

1629

www.dbpia.co.kr



YPEEA A= A] '01-10 Vol.26 No.10A

A A= WE BEQES VeI 28 10H
el €=209) A%l FH HEr} 30% AE (a
=0.14) <l 7399 EEA&e] I3 T(v)e =24
ol 7% 4 A7} 60% HE (2=0265)
A%el wE7Es ves) & rzE gres
dog 30% FUN 60% FHoE FyIIIR
A v shde] 20614 242 Z7} Eejof Flgt &
S08e $AE & e vehdek

(ii %

~

Required charmmels per cell
”
&

50 100 150 200 250 300

Eatended handoff reglon (%)

3% 6. ATE Huox s 25la Pp=0.01 HA ¥
83 A4 +
@) Vaax=10Km/hr (i) Vyax=60Knyhr
(iii) Vim=120Km/hr

Alocking probability

hot
0.02 0.05 0.1 0.2 0.5 1

¢all origination density (calla/sec/km?)

32 7. ¢=20 @ C=249Y wje) BEs5)g0] Ws}
@) C=20 9 a~0.14A1H 42| 30%AE Y2 TdY F7P
() C=20 2 2=0.265(60% A% Z7p
(iii) C=24 ¥ a=0.1430%H = 27D
{iv) C=24 4 2=0.265(60% A= =7}

V.4 E

B ERodie 23XE Y=o ofde] B4 A
QA A Aled] gl X gl o
3 ¥Aalck 4ovE Y=exe] FHF oo
WIS a#sly] Hs] Fislab o|FAL o8kt B
WY 2l AN, old WE AXE Y=o

1630

E R &5 Ad A7 Atk

¥4 AvolA] &3 v} o] ATE Frew
oodo] Fvisld Rmem Hlmel Ad HE Az
o} Z7I5}A =, ol2ijt J3e) A%l AleY A
35 ZHs ok w8 ATE Yo eIy} Ay
7 EFHolM 9 Y3 $88 F o) o)
A AFIARY, A2 BHol|A] ATE f=ow
£ F ol ojakez 7t A X gtk F 42
E YJeoi 9u9g 2] A2 dedls fdAd &
HellA 23] usjolst Syt HJ=z L3k )
A& g & ik 54 Ad A9 ks 7)
A= Al glel4] ¥ E21E Sukghc) wleba
#Hz 4TE groy ofde vl 3y v 7
Az 29 w5 Teisle] ZAAsejo} Yk

§#IEH

[1] A. J. Viterbi, A. M. Viterbi, K. S. Gilhousen
and E. Zehavi, Soft handoff extends CDMA
cell . coverage and increases reverse link
capacity, IEEE J. Select. Areas Commun,
vol. 12, no. 8, pp. 1281-1288, Oct. 1994,

[2] Qualcomm, The CDMA Network Engineering
Handbook, Mar 1993,

(31 P. Yum and K. L. Yeung, Blocking and
handoff performance analysis of directed retry
in cellular mobile systems, IEEE Trans. Veh.
Technol,, vol. 44, no. 3, pp. 645-650, Aug.
1995.

[4] D. K. Kim and D. K. Sung, Characterization
of soft handoff in CDMA systems, IEEE
Trans, Veh. Technol, vol. 48, no. 3, pp.
1195-1202, July. 1999,

[5] Y. Lin and A. Pang, Camparing soft and hard
handoffs, IEEE Trans. Veh. Technol., vol. 49,
no. 3, pp. 792-798, May. 2000.

[6] D. H. Hong and S. S. Rappaport, Traffic
model and performance analysis for cellular
mobile radio telephone systems with prioritiz-
ed and non-prioritized handoff procedure,
IEEE Trans. Veh. Technol., vol. VT-35, no. 3,
pp. 77-92, Aug. 1986,

[71 Y. Lin, 8. Mohan, and A. Noerpel, Queueing
priority channel assignment strategies for PCS
handoff and initial access, IEEE Trans. Veh.

www.dbpia.co.kr



T/ AR YE LT o] DSCDMA Aj2¥le] £87] & A 4% #4

Technol., vol. 43, no. 3, pp. 704-712, Aug.
1994,

[81 S. L Su, J. Y. Chen and J. H. Huang,
Performance analysis of soft handoff in
CDMA cellular Networks, IEEE J. Select.
Arcas Commun,, vol 14, no. 9, pp.
1762-1769, Dec. 1996.

[91 H. Xie and D.J. Goodman, Mobility models
and biased sampling problem, IEEE ICUPC
Record, vol. 2, pp. 803-807, Oct. 1993,

[10] H. Xie and S. Kuek, Priority Handoff
Analysis, International Journal of Wireless
Information Network, vol. 1, no. 2, pp.
141-148, 1994.

[11] M. H. Cho and C. H, Cho, The channel
holding time distribution of soft handoff in
DS-CDMA  cellular systems, ITC-CSCC
Record, Vol. II, pp.1135-1138, July 1997

[12] M. H. Cho, K. S. Kim, F. Szidarovszky, Y.
You, and K. R. Cho, Numerical analysis of
the dwell time distribution in mobile cellular
communication  systems, IEICE Trans.
Commun, vol. E-81-B, no. 4, 1998,

Z 2 ZF(Moo-ho Cho) 54
19803 24 : AuO)Ew
AAFE F4
1980 84 : AFstw
AR H-FEA 2D
1998+ 24 : &uoO)’ba
] B3 Fah

1983+ 39 ~20000d 24 : $RAEAI AT 2e
iRt
120008 39~¥A : ATy FAFARFAE 2
_/i-_.
<A Fop FAVEY, o|FFAIALH, Edy
oA Y

www.dbpia.co.kr

1631



