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A Study on Digital RF System with Interference Cancellation System
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Abstract

In this paper, in order to improve a service quality and to broaden the service coverage in the mobile communication
system a study on a digital RF repeater employed with an Interference Cancellation System(ICS) is performed. The
digital RF repeater employed with an ICS is implemented to remove interference and feedback signals which are dis-
advantages of a conventional(or general) RF repeater. This thesis presents the design and experiments of the new wire-
less repeater. The proposed wireless repeater consists of a RF repeater mounted with digital engine. The digital ICS
engine consists of a DSP and FPGA. The digital engine and RF circuit are designed into a one-piece. After developing
hardware through the digital platform they are also designed and fabricated into a one-piece in order to apply a best
performance repeater system. The method of removing interference and feedback signals is an adaptive IF technique
employed with a LMS algorithm. The powerful performance and fast convergence speed is obtained by using this
method.

Key words : RF Reapeter, ICS, LMS

I. M &2 d AdS sjast7] el FA 7 (repeatern) S AHE-E

S ZH 7AFY Y 257} vkt Aol s E

WCDMA (Wideband Code Division Multiple Access) SES S AJHEste] By A Mu|AE A F3
o] 5 FA Al&H A= "WV\ 4 M 2 /FAE ' 71A 2] AnAE gsta Bkl 9

Al 712 =9 Mulx FHE et 7AT T F FA7IEE QRHOE FHZE o] &dte FFA

AZNE B3l T3t 99S F%h w3 Ao} & 7], M/W(microwave) 2125 ©]-&8h= M/W A 7],

o,
~

2~ (LIG Nexl)
= E W 320090727074
CFASEYAL 2009 129 39

¥

U
_rfﬂd



ZIA T AN FEEE FIG5E o]8st= RF(Radio
Frequency) =771 50| At BFA71 7|17 =
S RF ASE B2 Heste] Bd2s Fa d
3 o5 SA7INA FAEE RF AZE 1o
4 A g].}: Hhalo 2 A E ?_ dlo ] 7]__—5]_ _Lo] E]-‘ﬂ
oltjgtx AX|7} 7hsatd, FAZ A Hlgo] H]
Atke A3 AT IAE e AT AR
27} Zhssithe @3le] Qi MW E7171= 44
7b golgk AHE 7HA AL o, 71 GRS Bol
gk 7RA o] SR EE 9o A slof sk T
o] AP, w3 7129 RF FA7E 71X Al
FAlste] FUg FurE 45 & FYG
Al FAe7] wEe] FAl <t

[e]

el
(isolation) F-Z-0. 2 Q13}e] 44l

-lol'
9, ofd

- 1 A }o{:
[V DR R 1

L or

5
L] Asy
Al eteluE A Qe (feedback) Eo] s
(oscillation) 2 7F4d(interference) 0.2 FA 7] <80
2 odeg Ax g a8 12 1cs FA7) A=

7]

1

mE

Ed«l MNEEZA 7IAF A 418 Az} ICS FA

71 A F=2lste] A A" A5t AgkEo] o
RS & 0tk SA7] 2ol $4l ¢ElvE &
AE L $AE A57H b AE #Ho] Y (multi path
fading)ell &Ja] ThA] A1 QFEIUE fr{l =W A 714

oA 2 3t
ZA 7 g

2 © o8 A5 E 9 3(distortion)dHH,
AA] 7 met o]F EA o3 =54
(doppler) &7l oJ3 FAI7] &4 227} Hsstol
AT 4 Qle Aot webA AR ol W
oy 7 AdH vs AE #Ho|Y(multi path
fading)oM TEY d4oz Qs 5Ys Ftey
TY3 FY5E AMSHE RF SAVIE 298

o <] At

AL, HWO] A7 7\] %= 9 el =4

ol g3, Ty} $5A1 ‘-?l

ﬂﬂ‘i% w3 oA F gle

o o]E8 o= FAGHE o]HT

B EAZE DRG] ety B =g

= RF ZA7]9] ICS(Interference Cancellation Sys-

S FHEOEAH A A o

0% AZ Ho|d(multi path fading)S A AstL A4}
75}

A A7 28E wAEH, Aok ol5E de

o T o o 2 fo

rﬁg

¢

DAAA7IE A8 YUAE RF Al&Hol #3 A7

SIGNAL FROM BTS .
l ; HU!.TI*FATH FADING! &

Do iidierd P — i e B
| FEEDEACK SIGNAL |
|

" 1G5 REPEATER

a8 1. 1Cs TA7] Al=He e
Fig. 1. Instruction of ICS repeater system.

F e UxE BA FAVE AAEL Fdse
Aol A ZHolth RF TA 7] 71X A
B Mul2 FHEE FAT) M SE3 o AA
ke WAS AMEST o]t T AALE W
212 foA AFH 98 7HA] FAHE 7HA T
7 A0 ety Aol 9] SR E A gtoll w}
gt FA7NAM S8 F e o5 AR, F
A7l &8 2 FA719 9%%3]1]7} AREEE A
T 3 Hud FE 5 e o 7HA 4k
ATE I ok T3 FA7] AR F FY® 3ol
1= Aol oflt F9 Sl wet MEHL
ol WEE = g TAVIY 2F 2 Rz o
oA WA Alzdle] Mul2g @8lal e 7R
AN7HA] FFE 2B =, AW A SRy of

DPA(ngh Speed Down-link Packet Access) /\1 H] 2~

A A, 712 1 % 53 9= CDMAS] RF ﬂlﬂ
£ FoT fAse] 9 YR SE WCDMAY &

HAZ 74—,—, WCDMA 3GPP(3rd Generation Part-
nership Project)o] 4 Q73813 1= 4 EVM(Error
Vector Magnitude) S WHE817] S8l Aoh whaba
dloleol A ST F8A He RF $4719 4

% $AE # s2solok sk BAlol
& EEERF TS T4 dud 9 L3
=174

, 018 B3 &Y ?—J]r’“ A A&

g} A} 45& KA sto] F= A2EE Al

1253



BEEREEEHNES 5205 F1295% 2009F 128

oheit), A7 7E BRE sh= $A71E W WeD-
MAZ ICS FA7101H, HlUE WA shs A3
EU(donor) FEIUE &2 29AT & e
FZolth. FA7I1E AA RF 45415, DSP(Digirtal
Signal Processing) A|°%, CPU(Central Processing
Unit) Ao}, QIR Us 4= 3loH, RF &
WKforward link) 2} <" 8Kreverse hnk)~
e 4 Sl FEolH, DSP Ao ¥
Al Fo]2+= Xilinx Virtexd FPGAS}H 16 bit DAC(DI-
gital to Analog Convertor)$} 14 bit Dual ADC(Analog
to Digital Convertor)Z A1 % 0] 9101, CPU Ao 5
= Atmel 128 cpu chipS AFE-3sle] T e
e dAFEQ A5 vo|ZE22EH )X (micro-
strip) FEIUS ARS8 248 FA71Y B9,
e A 2712 A HEs ud A AATL
s ook shH, A8 X(service) tEIVFS} T:‘J(donor)
QHEAU7E SHA ol A Eojof slnz 2
of Adg Qg o]27} o]FolAof it Xﬂ?l%
418 ZE 718 LMS(Least Mean Square)S 283k
AL A5 AA FueFoE A7 F54] <
o] AZHel sl HAete Hg Ads 3
5 H(Finite Impulse Response: FIR) ZHH S &
Aatal, FHE A AdE A-8Y ZE(adaptive
filter) S ©]-83t9 A AT Z Q3 g HAYS
Hdoltt. 7|AT A JEEH= %’3}5 s e
7%“47}*‘d 9] S8 2% o) F-aHl(signal to
noise ratio)E 7HAIAl YEo] Hofof &M, ACLR
(Adjacent Channel Leakage Ratio)@} 7] EVM (Error
Vector Magnitude)S THE-¥ 8ol A Y& =] ofof gt
o} HE3E RF 54159} DSP Aloj o] 2 o]
5 B E -?’ISH AGC(Automatic Gain Control) 3] 27}
TEEofoF gt

A
=
=

0. 74 = XA I

a9 2% WCDMA ICS FA71014 AM-® 714
2% AA 7IHA IFE A A3 AA 71y 72
ojth, o] FZERF ASE IF th99] 252 wishs}
of 7Hd 2 A A2 AASH Dtk IF g
Az 2 Wit A IFg As A5 AA 7)Y
olg} B AT AA 1M & A% AT E AAE 7]

1254

y(a)*h;(n)

) W
2.y \

Channel
Aceumulation | 0] | 5] -.-oe
@

Il

y(w)

D) A2 I @ Hu0)

N ) [
& Delay(DD)

J& 2. WCDMA ICS 41719 W3 7%
Fig. 2. Internal structure of WCDMA ICS repeater.

A oA FaetAl Aot IFE 7] 2 AS "]i
AA 71HE& FA71Y =28 459 Ao &

25 ke] 4 BA(cross correlation) S ©]-8-3 ?4]
3 Az Qe FHIYY. 249 A9 AFE
LMS ¢S Z&ste] IH AlsA Ha
A8 4l S B3l e F HE S
£ dmolg} ok, AEo] 0= A5 E Anolet

s, SA7I W 9 S )& 4 ()T 2
o] EHH}
x(m)=on)+ fn)=on)+h pky (M

] 8 AR Az AAYE (el A4S 2H
Al ask TA719 29 A5 y(n)° vl A%
g HY yE o8t AdE F4 AR A
i R 3‘4]3& NS E AA

< 4 ()9 2ol %™
HH, 59E NS (S =Y 19 viﬂe AA
[e}

Nh
S
tilo
N
g
r2
>
of
ol
S

\1

e(m)=x(n)—f (n)=dn)+hpky—hky  (2)

h pky— bk gob JE 4 B AR A
AEogA, 28 FH | ATt A8 AdS

Al 481 HH o] AEL 00] Hil e(n)S on)
374 A A$ JéEH Age 7% *Jiﬂ 5=
A718 28 A5 W3 AdHE= A5 An)
o] 47 BAE B3 24" Ao HWE]“W g
o Aot Ag LE AlF Ao|7h Higk

:.“:'LO{er
o}mr

rul
Eli:mm

2



AAES AAFe A, &,

AE olg o], e AR H
T A e} ARG SIEE 5o
24 A9 AR AYE 248 Y n}.

Ele(n)y*]

[o Sk i o

=E[(n)+h ky—b¥xp)y*)]
=E[n)y*1+(h ~BE yy*]
=(h ~nEy*] (3)

g A As AAYY e A%
Alg A AHEE A9 gaese uet
Aed], & =dllde LMS dagEs o
8r

g9 A3 2o 43 WY A4S
h(n+1)=hn)+2uu(n)e *(n) 4)

IFg #8 Az A7 de FA719 Ad
Hetel 95 YL A9, AT QA Al o5
s Ade] Aot 2A ddn ofd g5 A
£ B gA HY SAVIE d5E As5E A
AEsHA Hol Ade Het 4TS FPoA] 33}71]
Ak F8 A A5 AA7E $4 dHUe] &

AX 71E Aoz A8t s A Ao 0}
Uzt A Ade) As s 2ol Abgate F AsE
EFAAS F 0t 489 gagse A7 A
24 54 it 429 44 Weld 29 248
427} 9%
/\Eg zdz ’\]E oq]

§ B4R A g, 24719 gnaze A2
(e]

ﬂHN
2 .
T h
\(
f
O
.
% o
7
o
ol
o
12
>

}\‘:{]:] ol 01-'731___
Ag dagEs Agstoofr st} HAa Ak
Ho“ﬂti(Least Mean Square: LMS)S 7|¥tO.2 3

g dugFE BE "1@011/‘1 H“ﬁo}—t— LA} A

ZHAANE 43 YAE RF A 2" B3 A
o A2"S FddE Ao] dAH o, bgE AF
o] £ dagFY A stdlojd Fdo| 5
o} IFY A% A3 AA HH-S LMS ¢aelES A

43l A3 FIR FEHS o] &3l A Ads 5
Xéo}i dH9 S Ad #A U o83ty
FAH Al2E YR AAS Fa A7) 4 &
A FeFS gldith 218 32 WCDMA ICS ?74]«]

2

Wi Fxolth FA7] 4 HEUEREH 94
RF As= ot M3V o S4 T35 6025
MHz9] IF F+3}2 W35 o] ADC(Analog to Digital
Convertor)Z YB A =i, ADCE 4gd Fi4
+ 50 MHz 29 ZJ]'TO]] 93 12.5 MHzE W3k
Sl ©t}. FPGA(Field Programmable Gate Array)Z
A= ¥ A& = DDC(Digital Down Convertor)el] 2|3}
714 Y A2 Witso] LMS E5& AX|WA]
AxtEla, ALE F34= ALC(Automatic Level
Control) = ARHEA A4 Yo 8oz usolx
3 DUC(Digital Up Convertor)E 71 * DAC(Digital
to Analog Convertor)E %3 THA] 62.5 MHz9 IF 5
o HMtEo] oAt 29 Ase oA A&
& wgslo] DACE T3l ¥ WE19F HPA
(High Power Amplifier)E &3l 441 HeH|UZ WA}
gt 29 QYA AZHE ASE o]&sto

7% 52 &8t 7)E Ase LMS ¥aEEY

Ha Az S&Hoh

1% 4= WCDMA ICS $A1719] tAE E5%
olt}. FPGAE XilinxAFY] Vertex A|2|2E ©]-8-3}%
, ADC9‘r DACE TIAHY] \’JH}Ol*E o]-gstth
&8 F+Z= DDCS 74b7], £Z7], DUC, Pre-
Buffer, ALC, LMS, CPU, Clock-distributer 2 ©]F] 4

o, o,

1284 0 112500
1hdem B30 e

o
Out: 12400z

o
D » mE oA
A
¥

apln| i)

a8 3. 749 ICS FA7IY iR 7=
Fig. 3. Internal structure of ICS repeater.

1255



BEEREEEHNES 5205 F1295% 2009F 128

1Q Xilinx FPGA

IF 62.5 MHz b IF 62.5 MHz
fos ] T e [0
* : - o
Pre_buffer
50 MHz 200 MHZT 200/400 MHz

ook Dstrouter

* LMS: Least-Mean-Square
- D: System Delay
« ALC: Automatic Level Contol

8 4. WCDMA 1CS SA719] W %
Fig. 4. Internal structure of WCDMA ICS repeater.

At} Pre-Buffer®] &ske A9 A=}
< 53 771 9 AR Q‘}if’_, ALCE YE8H+=
o} HluEe 45 28 g 2H S S
olal, CPU= FA7] LH—roﬂ A7 5 <18
o]g:g},] 235 A3l AHEA

il

m 24 % M5
31 St=Qlof 2RE

E 12 1CS FAI719 RFF Al 2~H Al Y9S BHojE
Th. WCDMA S 913 A|2~8S dA T4l AfH]
2 FU AFES Hte g A E I

a3 5= 1S A 87 =S 98 =9
HEZo|t}. AL DSP B, FPGA B&, H¥
B2 A9 sl=dole 71EH 2 [FRF
E A& H, IF 9] AEE /et W
£ RF A5 2 i’w;h DSP RE] AZE
W7gste] s 5
A

o]
B

[

1%

AN o, ot P>

Qo

A AZAY #EE

a9 62 AZtE DSP EEo|H, 4% Digital
Signal Processor$] TI DSP TMS320C67133} 1005+ A
o]E Xilinx FPGA, W X2|(SDRAM 16 MB, Flash 4
MB), 10/100 o|cjul ¥ H o], 12]3 Dual XE
RS-2325 ®AIS SDR SAFS AA 2 A
th. A Z€ DSP HEd e HE ZH 22138 J)
watol IREOH, o] ZRZIHS o] 83t Y
3} u:li':lo} M ~23HE, g A2 Y EHA 7]

£ AFsA Z2asIGTh DSP ZE 97

Ehﬂ"]/\b ol ylz} RS-232, ITAG Q]EHIOIELJ
A FH 0|27t F&o] Ho] JaL, i HdS gt

1256
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Table 1. Specification of the RF system.

g 5 Uplink Downlink
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=yl ol )
oA e 1,959.32 MHz |  2149.32 MHz
e Be= 3 dBp-p 3 dBp-p
Inout power rance —50 dBm/ —68~
Pt POWET TANEE | Total w]gh —38 dBm/FA
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27 dBm/Total
power 7 dBm/Tota 43 dBm/Total
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Al 2~ [JR=>
15 €15 (30 dB) (30 dB)
System delay 9 us ©J3}
EVM 12.5 % o3}
PCDE —35 dB oJ3}
Frequency stability 0.01 ppm ©]3}
747 s 151 o]g
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(3% 7B el
Spectrum  emission
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InBand spurious ‘ 40 dBc °)’3
45 dB o4 @ f +5 MHz
t ACLR
Out band AC 50 dB ©14 @ fi +10 MHz
—12 dBm/3.84
ACLP MHz o3
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MHz ©]’¢ MHz ©]’¢
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Fig. 11. Frequency band of WCDMA Tx/Rx.
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JF 14 3 As 34 A% 48 A=
Fig. 14. Test set-up of multi-path-fading test.
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Fig. 15. Oscillation(I+25 dB).
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