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Multipath Searcher for W-CDMA System
Seok H. Won*, Whan Woo Kim** Regular Members
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ABSTRACT

In multi-path wireless channels with time-variant delay profile, a mobile station measures the received signal
strength and report it to network which performs network control function such as handover. In order to improve
the maximum ratio combining (MRC) gain, it also should search the strongest signal paths and measure their
time offsets fast and exactly. This paper proposes some methods of fast and exactly measuring the multi-path
signal strength and time offset. Since the W-CDMA system adopts antenna diversity technique for the next
generation high speed packet access (HSDPA) service, we derive the optimum design parameter values for the
proposed methods through computer simulations under the HSDPA conditions of low speed of mobile, of no
power control, and of multi-path wireless environment with transmit and receive antenna diversity. Finally, we

prove the validity of the proposed methods by showing the improvement of the bit error rate (BER)

performance.
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FHdsks}7] 94, MPS+= w2 &4 (fast search)
I} =& g AlZ|% (search reliability)S 5A]ol|
RS Arsjolo} Tk

dubd oz CDMA FAl7|olA FASHZEZ 2
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ol o3t <k5}7]% (anti-multi-path technique)el] ©if
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o 2 AdsEAe digh A7 gA ¥en 53,
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FA719] MPS 7S 93 daelEs Aljkslka
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AZRA ZAEEE, 39 YA TS 3
Alqsl MPSe| el s A3k by 2 3
AZRS ANt FHER SR H|EQE  (bit-error
-rate, BER)& 1 A%5-& 733}
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I AlAR ZE

B =l ARSRE SEF Ao $Al7] 2 A
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A2 (common pilot channel, CPICH), AM&-#}414
E2]Ad (user dedicated physical channel, DPCH),
W g 9] Awzc AgAlEHo|E  (orthogonal
code noise simulator, OCNS)Z 3=+ o2 A
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variable spreading factor, OVSF) F =& 55|77,
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ZHMIAE (1,00 digE BlEE SAlgIck o))
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Transmitter Wireless channel

a2 1. A Ad 2y
(A% tlo|HAlE] AREAlell= A3EE kel A
% kel 20 sl e R} FolEch

23805 F< (local scrambling code) ¢S 7PH
3hHA ML 7‘;]% (maximum-likelihood detection)
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MLi‘, {%2", C"')ZH%.‘Z:’ Ci)™

E[Z,|=E.+0,IN 1)
G714 E~= J7 Al o= dd ALY
(E4helctk
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o] FU FaE awﬂu} A4 qhelel
gk 41 AR 2 Al el gk AW
= i Q= Feizlck

r\r m\m ) mlo

E[Zk 2Tx unl]_ +7O’ /N
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Despreading and
Symbol Depatteming for
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Accumulation
AGC control
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. CIEAHZ M (multi-path search,
MPS)

B =FoflA] AljkslE MPS+ Fo1%1 A7kl
A%$- (time offset window)wel|4] 172 Fgkg|=
Hoigli= 7t 7MdA  (hypothesis)-& =% PN
(psudo-noise) FE= At (correlation)S F3F ¥
A137%]% (signal detection)2 G~3§glcl. = whijo
2] “double-dwell method with independent
correlators (DDM)” ”single-dwell method with
selective verification (SVM)”9] F 7}A|& A|qksh
=

DDM& 2] 3.el4jsh 2ol 7t 7Hdd Al
o4l N1 3] =g Z3|oJdE ¥ Fshar (first
dwell) = k& wlg] AH3E A<l w]agh}
(threshold detection). JA|x|Hr} 2kow g 714
HoR F=9AhE uHEaL (slewing), =9 Alg3iA
N27}4] (N2=2N1) FZ3|oJHE 2 ¥-S o] 3 F
oAl ASE] N2 o[k F3|oflE HR-g 3
3] o]H I dIIHE HE-S S’
(verification). ©] A& nkEsx] Folzl S
W =kg 33 F 75 (verification)& F33t 7}
ARES] AWNEERE oM B & gES
Zrop ) (maximal likelihood detection).

18] dellx] E 5 9l0] SVMellM:= Uit =
2] 7t 7K AZbgAlellA N1 3ubg- 323]oi=d
E AEE A3l 2 #E FToH B =217 A
2 he] FR 7MIHES AASle]  (maximal
likelihood detection), 2 F-¥. 7PdA S| cfseint
A N27Zole] F3|ojlE HR-S F W F3)s}o]

Verification dwell time
(Nv=N2"2, N2=2N1)

the first dwell value

for final detecton

72| 3. "Double-dwell method with independent correlators
(DDM)”

Window Size (W) Candidate Hypothesis

s = i
(all Hypothesises do 512 integration coherently
and are decided for candidate or not)

(all candidate are N2 integrated coherently
M integratad non-coherently)

1%l 4. "Single-dwell methodwith selective verification
(SVM)”

o] 59 WFI|AHE HE HFES T’ F M 2
G55 ZropiAr} (maximal likelihood detection).

DDMojjAl wlmel7t Weglon SVMECR:
whE PAHYX TS = Wk, SVMellM= 14
= YA 8 5 Jde AFHE e
Hbd, SVMollA= 1 A7 48 7]l gl
of st wiwelrl Besty Fr AZHGAl o
sof oh A2E Sasb] SlAAE T PN %
Wlel S RS A SlewingwiRiol
ohd “Jumping”vhi-& AMSsflof 3l=E PN whAly)
©] "Masking” 22 94he- 7PHAIAL Zheh ® 3=
Tl F oo wE HagiAzke Z= DDM
el 3gsle] 7]tk

IV. MPSOIM SIR 0|& (Estimation)

£ =2ol4 SIR FAubg oA AGCEHE 7]
T2 whst MPSe] Ay EHubg o443t
el 5 7RIS AljKRkE 2 =Rol4 SIRE
CPICH Ec/los Z=#3m] W-CDMA 74 o]ahd
SIR=(RSCP/ISCP)*(SF/2)=(RSCP/RSSI)*(SF/2)2]
PAE zerk o374 SFi= #4kQ4 (spreading
factor)E- 2]v|3}3,, RSCP, ISCP % RSSI= 7}z}
FAAlE F=A2 (received signal code power),
7H141%3 =49 (interference signal code power)
2 A4S A7) EA] (received  signal  strength
indication) & ©]w] gk}’

AGC Y5 7|23 o]83]F Ecflo Z3Hby
AGC 7|&43e] 4719 # ¥, & g4l
#1542 (spreaded signal power)¥} 7M1= e] 3
o7 TAEE o8]tk o7)4 ghakEl AleAdy
AR AGC 71&A¥ 3 AGC Fxoxs
Al719] F 7HiAEew AR 4 gled, AGC

¥ o o oo

Copyright (C) 2003 NuriMedia Co., Ltd. 603
www.dbpia.co.kr



g EA18}5] =1-2] "02-6 Vol.27 No.6B

FEQAE FABIE o] ge AT FgoE ZAL
318 4 Qlck wehd MPSe] AR EHeluA|
(despreaded signal energy) e FA3te] Ec/los
Axk 4 Qlek &, & MPSe| A HdE &
#A4, A& AGC 7[&Ageletn 31, 4] (D=
HE oS A (3), @71 FoiRict

2 2 2 1
C,=(NE oy + Noy) I N™ = E iy +W°‘n (3)

A ,=(No%+NE . ppeu+ NE . cpicn+ NE . ocns) I N
= 0%+ E c.opeut E c.cpicirt E e ocns 4

o714 N& 7| 23} =sloj|xj2] MPSe| F3|o|HE
HEZo] (N2)o]i, i Hi FSAHHOZA 7
ARy sdeEzle (1)d 3ok =3 (3), )
BRE Hawe=C,/AZ IFAFIL  oI>E.ppen
+E  crent Ecoons SFL 7P3EH, F3taal k=
&% Ec/lot= tha 4] )& Folxlch

esi(E 11,)=H —% G)
Qpelt cloluiAlE] AL, Z 44 bt
27k 5 el A9 A @), @F ol (5)sh
FU Wom okl the A (6% dsch
1 y=bH . -4
est(E./1,)=bH m ©)
o714 a W bi= 717t 4744l Qe 47} Hek
MPSe] 4] ke o] 83 WhE M 7}
A4 9 tue” ZPIACIA ARbE AT AR
o]kt Alsrt EAshs 7% MPS AREY
& Cm AT} S APE Ccut Ao A7
ches} o] FaATY

1
c.crici + N O,

E[Cy) = (Ndf +NE_ ppcy + NE, cpen + NE, ocxs)! N? (@)

E[C,) 1= ((NYE, cpeys + 2N (2N)? = E, 2

DA Cote A 13} A B A9 Al
& olggith meba o714 N& Nio| e oA
o152 H|EE& He=ECnl/lEICxlZ FAFL
0*>E . coiont E c.orent E c.oons BFL 7R, T3}

34 S Eeflot thea} 7o) FojAlck.

1 |
L’.YI(EL./I,,) = N(H(‘o -3)

2 (8)

2 E=reAeE Al 1A =49 7358 fsiM =
MPSe] A7) Z3uhS o83t S AMSsla
712 3kql (verification check) % %% Ec/lo <=
o

S 739 7HAE eEEled AGC £35S 7S
2 o]zt uhle AMgsle] AAFE RAYS
galodcl AFE oAy =72 A 1, 23 73
olelE HE77F zHzt N1=512, N2=1024 o3, 7
Z Qe 7 WdZI|HE AHE2E M=20]9
=S F7] W=902 7Hsicl. A tlelwAlE
= 93 CPICH &l FHxid [12]15 dsich
=3 AGCO] AATE= 10 msec. & 3}k

a3 5. = Al 13 =49 QJAIF el wE Ec/loc]]
Z nlo]o]~ 9} (estimation bias error)S &F 7
FrE] 2oAld Az} of7]4 mlelej A= o
22 g AAke] zeolz Aejg) ¥
5.0014 Al 13 =4 AXE ZA Fo2ZMN nlolo]
2037} Eolvks AL B F e, oA AE
ggo] FIAdtng dEezpt Fvisb] wielch
T3k AWGN, #Hdelo] Ad w5l Ec/lor}
$2 ulolojaeayl FlE(aFA A
Anr du] " Axr, I AHAZEY AR oy
noJalbty] Ay, #Hdele] Al A= AF ok
olHAE] S HhslA] e 7§ Hrk= 4’ A
S (aFelA A g JaktE] #B)yz) ule]
o]~ a7} Folu ZAS Mtk e dAA
7} -27 dBY) @] Ecflo7} -18 dBe|Ato]w njoojx

: 4

—T S, S —

| L
Rayleigh, Vel .410Km/hr. | o— |
E W N
g.
~ ENG = 2072 TX antenna
= =202 =
g /lo = -18.1 Tx-gntenma’ v
] ; |
P A o ym‘am
o o Egflo=- tETna

v | ’o 20,1 7Tx aan

t— Ecflo=-18, 1 Tx arfmna
AWGN ‘

T T
-28 26 24 22 -20 -18
Threshold (dB)

a3 5. Al 13 =4 AR 5,0l whE Ak Ec/lo o5
719 wlolel~eal ZFE mOAE AR (6,2

-27 dB).
(101og (E /1,)= 10log,,(E /1,)=10log,,(E /1,)+10log (], /1,))
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227} 1 dB m|Rle| 3 HE tlo|MAJElE A85}%]
< 9= °F 0.6 dB m|ute] =} 13efx] AWGN
9| A4 A% oA E A4S o nlololx
227 o AR olfe v & (A 53 <A
713k}

o] =¢ x}e] R4} (estimation error variance)Zd i}t
= I8 6004 HolRe] Al 13 =49 JAH ¢,
= A FoEN AFexe] Bale] Fo=e A
< B 3tk o, F ZA 3 HEFERE EolE
uk, @8 (False alarm) 50| 7}43lR 2 o&2
te] ko]l EolEck F3IM, o1 AoHESE,
Al 1 2 =4 HEEET 2nEhgo] AA

d5719] uloloj Ao = ol 3, oFeA}
-E—* Fe- ARl wlebA wloloj A2 Al 1 A
=49 ZAEEE Riksly, diEexte] AR A
1 A} =49 2u&F WS & F Uk =
gt Ec¢/lo7} 255 o9& i"]’«] e AR E S
& 4 e, 2 ol 34159 A3U) Highol
AAg FAA o5 —é‘%ﬂxlﬂ el A=
Az=717} 2495 BAke Z718b] wielo) ubd
o] A tlo|AlElE HE3] A= tho|wAEle]
So2 qlatq dlFeate] Rale] FlEA Hrh
(TRlA "9 Arr dip] "GAkzky Axr g A}
Z+3 AB dib] HAkZy An),

A,

Wi

Bﬁ.lbl

T T T
2 —O—, —@—: Ec/lo = -18, 1 Tx antenna
—V—,—V¥—:Ec/lo=-18, 2 Tx antenna
—0O—, —@—: Ec/lo = -20, 1 Tx antenna
8 —O—, —A—Ec/lo=-20,2 Txantenna [
&
B s : A
© N7 [ Rayleigh Vel=10Km/hr.
o a.
<
K.}
PN =
5 \
e
=
] \
) | S e
= o ——
%\‘i\\<
AWGN '\A:%i
i
0
28 -26 24 22 20 -18
Threshold (dB)

a2 6. Al 12 =41 MAA 5,0 o Algksl Ecflo €3
719]  ofFeate] Bab AFE oA A3} (o,
< -27 dB).

(10log,,(E,/1,)=10log, (E,/1,) = 10log,,(E, /1, )+10log,,(7, /1,))

V. HESE ¥ T EMARE

PR WE Arle] EHPEES driw 7}

Aot Al 1A =aele] Aol o 1EsE
< P,=PCpOTW} Hi 2MFES
P=Pr{Cw> w7} HEZ A & 5 gl
£ =Fellie MPSE] Al 13} =4l A2}sie
e (verification)7}#] 2] ZZE7153rE(final
detection probability), F==© W 3hE(final false
alarm probability) % ®AMAS|EE (search fail
probability)2- tlEcl o]& sl =g =77}
W o|x o5 F L/ute] Al3rt EAlsle -5l
2lo]x] MPSe] AlejHo] tho|o}rl(state transition
diagram)$ 18] 7.o ®alch

8] 7.9|x] MPS2] "Alej (state)’= 7zt 7[dA o
Al MPS7} A 1 2} =4 2 73= (verification) %+
Aell Sl AHER Aot F, A= A
A 7Pl 57} glcke 7K sk o]w) MPS7}
Al 12 =4 A e A$E BHYPE A5 A
j(verification state)ol] Q)= A$ES (= Ao}
I BZRAR, 2 dgell 2= JHAEES A
2 HY, HY, o s Hfen HiG- 2 A2
T3 A37F Sk Aol B2 BHPE A
ot 7 "7AF AEeld 8= e AR
742 (surveyed path)Sell i3t #F 71ZE (final
decision)S 9|3} FRETA] F|o|HE HES N2
H, JdFFHE HES M H 733 AAgEEe)
ek olE F /M 22 BAl AS A 58
o 2 /HRe 2% 9 A2} 9

%) 7.9) MPS Aehae] chololaelA] MPS
b AFH NS Ble W BT S e A
(event)y5 % 1o s|F=EE FEESS Pr{“final
false alarm”}, Pr{”final detection”} X Pr{”search
fail”} 0]51_ o]"—' o 7—}'7-]' Prras Prp ‘%l P spcr-Fan

2 R olE FepleES oy e

& o)

verification check
state

2 Ay,
max(d/lu_vduu duu du

survey path time offset, estimated SNR

I8 7. AFAEsE HEeuds, gyAdets, 2 9
THYAIZHE 913 MPS2] Abef Ao] E}°l°P1"%J
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P ppa=Pries{E /1,) atH > 6, and d = max(dy,,, ...

B Hga viva dy,)¥dy,, and dy, > 6 v} )
Prp=Pr{esfE [I)atH >8 ,and max(dy, , ....dyu .\ ...,
dy,)=dy, and dy, >0} (10)

Pocn_pan. =1 = (Pega + Prp)

AEd e 2AY Aol A 13 =4
o!J?:]]iIO‘] u}‘—% PFF/I’ PFD ‘2 PSRC”*FAIL Z} 7—]—'0’]
EALS BAs] S8, WA ¥ 8.l Al
Ec/loo]] w2 A 13 =< AlsjgE (first dwell
missing probability), P .ol th3t e 2ejild
As FAEk, 23 9.0 Al Eflodl] WE Py
A moAd AAE =ABEKIE 9714 Py
Pras 8 Pppe MPSO| HashdA7be A=
Zo Wit B 2 A 14 =4 9AAE
AARFE Py AR PpaZt S7RIEE
MPSe] st A|zte] F7IRIck diAlel Pp= 5
7vA ®ek wieb FaAAZEL pp,o| “trade
off" 2 MPSE AdA3lodo} gk e} & Ao} F
Fe| mojAl3olMs 4l npelej2~e 27t 1 dB ¥
glo] HEZ (4] 13} =4) JAIXE 27 dBE Al
atsiek

a3 8.4 Py diy] FdAl Ecflort 25
2 ZolEa 53] ddele] A At= AF o
oM AE|S AMERE 7§ Fol=i=dl, Ec/lo F Al
A7} 25% telAE ade AXE Ae
2 5 ot} (adeld FHuSE 28%0w A
E 71Ao] HeiAlch.

a8 9.94 PrpEAl AlEe] Al7] (Ecllo)7t 2
SE(YIN SAAES LEFO U4D) A
t}. ube] AWGN % 54l Ec/lo7} -22 dBw|RES
2 A57b 2L go] HYzle] AdeMe A o
ol AE S A43 A9 Al HEH W A
<o Az} wr} zkh 1 o]fi= W-CDMA 79
A% clolwAElS 913k CPICHS]| sH®le] F Al
el AasHAl Hel gl o] F e <HuE
Fejslz]  ¢lske]  H=IAIA(de-patternizing) 341 4],
Fle] gHY AEE ZE|elRE Z3 (non
-coherent combing)3l= A ol|x] A-gA1= o] F ul
2 Zvlel7] gieolck oA e, A clelwAlE

igh Vel=10Km/hr

a\m%%%

First Dwell Threshdid = -27 dB

0.1

0.01

First Dwell Missing Probability (1-p,)

24 22 -20 -18
Average Received Ec/lo (dB)

a2 8. 44l Ecflodll whZ Al 13 =< Asjghs A5t
zoAdy Az}

S A8 e A%el Alvh gk 4SS e
He mGan-wei7t H3, AE telAEst

e85 A= E‘[(E:n,+ ﬁ:ni)%(g:nﬁr En,
)1=14Na27F Elo1A gl 2u F71EHA Flck oA
& A5 (A 4 Beld AWGNS] 73 A4 tio]y]
AEE H438S o nploja 22t o ARlE o]
71 A71= 3} (¥ 5.8 2AL). v Ed
glo] Ad]l 7¢- Ec/lo7} 22 dB oo AlEA|
717 AAA = AgRc celHAlE o]5e] F
Aol A% clelMAEE 483 A9 Pt
Z71ge). weby dlddele] AdEA el Alert
Ao A8 (Beflorh 22 dB vlwheld A% o

2 Tx ante

L
antenna

b
1 Tx anteprfa
/ “%
2 TYanjenna
/ / Rayleigh Vm=10 Km/hr

o o o

N @ w©
*
>

b3

=

o}

z

o
)

Final Detection Probability
o o
s o
S

o
w

T
-24 -22 -20 -18

Average Received Ec/lo (dB)

a3 9. -%—:tjlr Efloo] wg #HEFAEHE 26 =ody
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()

‘*: Ec/l9=-24, -22, -20, -18 dB
Rayl vm=10Km, 2 Tx antenna

°

Rayl (vm=10km, 1 Tx antenna)

N N ~———-AWGN (1 Tx antenna)
------ Rayl (vm=10km, 2 Tx antenna)

Mean Search Time (msec.)

N\
) i
Ec/los24, 22, -20, -1 GBXXA Ny
o

AWGN and
Rayl, ym=10Km, 1 Tx antenna

26 24 22 -20 -18
Threshold (dB)

b awgn_ V1P adv op

38 10. Al 12k =4 AR whd Fd $HAZE AHF
E] =eoJAl§ 73} (Simulation results for the
MPS mean search time vs. §,, §,is -27 dB).

o|MAEIE AR At ARSI WE 7-act
HEEE0] o] 2o, Alart 55 tlolwAE
5L 4& + UE ¢ F Uk

I 102 Al 1 2 =4 YA @S] 4
Ec/lool|] wh HaeiA7t 238 Belck 23l
Al Hole] BAHYAIZRS 44l Ecflooll A
FE WA ek I ol AER nie} o] H
THYAEE Al 12 =499 28 Ehgo| FH9Ee
dl, ol& Az zrjskes A AHla 4l7]9
ASAHAE A F557] wfgolck o]’ o)f
o} AE3 nps} zo] AF cholHAEE A43s
w7t A8 A Aok W Br} ARgAHe] 2v) F
Zhtug FAHAAZEE 234 HolRe] o] A
oiA]A ek

V. HEQS M5

MPSe]| 2J3t 1719 #F Aside Els)
913ted BER F3FE] mo|Aly-e Fasisic)l. e
2 elA Al ukpalFalerl 2 GHzel
“joint technical committee (JTC)"9] slo|e] A d =

& M3k =3 W-CDMAG|AE o] &
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