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Joint Scheme of IQ Imbalance Compensation and AGC for
Optimal DFE in M-WiMAX Mobile Modem
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ABSTRACT

M-WiMAX (Mobile-Worldwide Interoperability for Microwave Access) system, which uses OFDM (Orthogonal
Frequency Division Multiplexing) technique, is known to be proper for mobile high-speed data transmission
system. Nevertheless, M-WiMAX is seriously sensitive to 1Q imbalance caused by the LO (Local Oscillator) at
the receiver. In this paper, we analyze the effect of 1Q imbalance on the system, and then propose a joint
optimization scheme that can optimize DFE (Digital Front-end) of mobile modem by combining operation
duplicated between AGC (Automatic Gain Control) and the estimation and compensation of IQ imbalance.
Simulation results show that the proposed scheme achieves the same performance of the conventional scheme
while reducing the complexity of the H/W implementation.

[.M B -?m-d 33 malyl BRedeg AR A

San o)A, el A4V, W $8A 2

M-WiMAX AJxHlS 3k G80] 1, 9 %71 23S AFgshe AT AR s A
d 532 Ade) digg B ¢ gle] Sk bl = S AR S R RS I K o) oﬂ -"/l?sﬂ gl
Ae sols Al 4 §4¢ 2= OFDM W 1Q Ad 7k} oI5 % A & ICT (Inter
AL 7ure g Fhf uwpel, AMula I g9S gl Subcarrier Interference)® < V]ﬂ 751—11—’%3 A4l

¥ B A7ATRE FEaoREe] ad7Aldal “sioF RE 7|MF Aluke- Ad-hoc WESIZ A haleld] 8E Q7as F d¥-gg v,
d7] Aol FRRp=gel

Ilelels A REA G E o) EE A0l A (10ma2d4u@nate.com, kimyb2000@hanmail.net, khchang @inha.ac.kr)

= E  KICS2009-01-036, AUAF 20004 19 30, HEEEAUxl:2009W 49 2%

*

<0

34



FLEA3LE)=F A °09-05 Vol. 34 No. 5

Fo2 Azd Ae 93s 7ok web, Alx
do] A I M olE BT
i"o‘%}{— Hhgo] Q¥

1Q B39 <3kl sl Abdlel] vl B¢ 7]
HEo] =g s (1 21+ Az 94Y
3 Fol 9ol AH-3A THE A4sled 1Q ¥
8L 3Ashs Z1He Adsldn, dzEd 319
[41= 1Q 78 ¥AS tj¥e] 4 A5 2 DC
2xAE ks A% 714 o831 front-end
2] BAanE Y 4 ol Wk AAEa gl

2 =Fdx+= ¢|23 front-endd] BAEE &Y
T sle 7IEe Alsle, 1Q EF¥Y 54 2
BAF A AGC 7158 &3 1Q o]l EH¥HL EA|
o 3t 7H-E Ak £ =39 74 o
S3 ) 234 1Q Ed¥Ho] Aladld vlAl=
S M3y, Fexe IQ EEH BT
AGCe| ZA¥ 7HE 2By 283 4, 53l
RS 53 e M B =5t ol
23 B =79 ZAEE =&53k

ol

I. 1Q ETEC=z QI8 HE BN

2.1 1Q %ﬁ‘g ol AlE 2d

23 W3 5o T"‘7]°ﬂ/“] $AE 1Q Ade
ohdZ 1 Als 7‘13] A& a8 13 Zch Lo9
T As ZrP A AR A, HAA
7} 90°7F HA G 79l 1Q Ede] A
o] mixer, AGC, LPF (Low-pass Filter) @ ADC
(Analog-to-digital Convertor) 2} 722 RE opd=z
2 &AEe] o5 2 9 Bl j 9
kel webd, Fa WEE Ased AAdm 5]
WAEle] Al2Ele] 0 F SES FolA Hck

1Q E33e] 93ke AHrr| &id 1Q Bv3s
o7|Al7)= LO AlE xo()= A (DE A=t

z,0(t) = cos (w, t) —jgsinlw gt +0,,,)
— —jwid —jurd (1)
Ke +Ke

where
K, = (1+ge )2
K, = (1—gem)/2

714, gt ¢, & oI5 R HA BFYE e

W3, aox LOS Fag vehich old), o5
o oAl BFFe] BAISRA] W& AL g =1, o,

= 0ot} 2Ela FAEE Al r)= $AIA

342

|

ILNA}—- i Lo

Tl 1. 5415k analog front-end -3
Fig. 1. Analog front-end structure of receiver.

b RCHY
{\/\ f‘
s Rl fe
+ High Freq. Tenns Q“‘ A + High Freq, Terms
—/
‘fl" -I;F
a8 2. AE 09 mixer S 3 HE M)

/\EﬂEE‘]

FigA 2. Spectra of the received signal r(z) and the mixer
output signal rMIX(z).

2] mixer ol &8 ¥ 29} o] A ¥z &)
= Azt FU% ARE Z+= image A3V} EA
= geloln, Al )2 Jehd 5 9lrh

r(t) =s(t)ed +5" (t)e ¢ )

374, s()e AR Azl *= FHH Fip
€ Jehich g wky Fadolr) o] AR
A3 r(f)= mixer?} LPFE 73 A (3)22 viehd
4 Qlck

7o pet) = Ks(t)+ Kys () 3

2 A& B8 kst 1Q BHel o3 A
Hu, o] qld] olde]olA]l (Aliasing) d3e] e}
G 29 28 B8 & 5 A

22 1Q 27ge 4%

IQEFHE 7|EH 2= 4] 3)9 Kol o8 4
® Az AAdE AE AAEH, Ks ()2 Usl
XMW* HAHE gl =g WME A9 25

2 7 QAR 7k At gold A1 84
o «lf& 45 APl 7ok



E=EM-WIMAX Al~92] DFE #431E 43 10 #7038 349 AGC A 71

2.2.1 o ehsuiel ok ekaTH AlagblMel &%
95 ukEE AM8Shs OFDM Al2gle SAls]
image 4132 A2 8 FFT 43 ¥ &35
Az A @k 2k

fe e

Rk =KSEK)+KS(L-K), 1<sk<L-1  (4)

where L= FFTLength

714, S¥(L-kye 9 AlEe} Egt ARE 7z
ok o) HelE Bl image AlTE QE ¥
uigmbzle] AaAdel] odske Fo} CI7b b}
b A9 AlsE 29 3 @9 2 A5 A
AEE zhor] o]z ol AaEl ASd A s}
Agrk vbdel, el wibshE AM83ke DS-CDMA

Aol A $AlE Alse] Agal 34 3 S
& Az A 92 2ok

y=Ch=Kz+KCC: (5)

ArlA, ¢ 2 e ik FE9 A3l (e o
oy ocxg] B OERE FEolE, v AMAF AlER
[Zo, Ti, ZK-1]°TE}'. OFDM *]51%51]’ %‘1] DS-
CDMA  (Direct-Sequence Code Division Multiple
Access)olle] 78 Cycx ol 28] MUI (Multi-user
Interference) & HAAIN. A ol =4
scrambling ¥&§ A48 MUI°ﬂ 23 A%
AskE A U3, ChCr = 130 A5 AR
Az A A GEgE ub) ool o™
3 sk Z2 AN=E Zd=Thk & OFDM *]*Ed

] 51

nw—f&’

K] 8 ) 65 ' « 44 @ 05 1
inPrase irefhise

(a) (b

I3 3. 10 Ewrdel o oA3® Aze A= (6
QAM). (a) v W) Al (b) < Tt Alae
Fig. 3. Constellation point of distorted signal due to the
1Q imbalance (16 QAM). (3) Multi-carrier system (b)
Single-carrier system

M. IQ 28 2MY AGC

oJubdql ¢l AGCS IQ 278 RARS _j_al 49} 7+
& P2 AD WiEkslo], 19} Q x}{‘ﬂoﬂ Eikis 01
ool 2Ede =4 9 ¥R 3 AGC V%S
:{E

ADCE %3 £33 AZe A (3)°%EZYE
Ki, K8 s(t) = sit) + jsoyE e183le] A (6)9)
e ez AL 5 vk

{.:c;[[klj]}: [_’)’QZ{:ILWW 7@“’2%7‘7} ) [jj{k]j]} ©

714, g Aol &3] 3= olFel, y
oE mT o5 BUR g9 ¥ ek o] ¥
1Q #7382 o5 F4& A M} o] 1 Ak

71 AEZ Q Ao} Al
3, 94 2L A (8) T o)
g ozre] Abg Ak Zhe B 3ot

)

A @ B3 74
A (99} (10022 iﬂw}n% A B9E 4 ay
I (12)2 HARRE,

1
w, k] = o 7 [k] 9)
I K; @ ! (
wglk] =g i (10)
AGC Lo
Amptitidy Compansstor 42 fmbatance Compensator]
|

§ H i
% smpiiuge & Prase Bstnator ‘g

o

Ampituge Estmatas

Loop Fie:

it R

a3 4, dikEel 1Q Bd BAR AGC TR
Fig. 4. Conventional scheme of 1Q imbalance compensa
tion and AGC.

343



FHEA1 g3 =74] °09-05 Vol. 34 No. 5

w, k] =7 [k} an

wQ[k] = "# [ Q[k] s ,r,[k]]

est

(12)

RAE 1Q A AlsE Al (13)9) AGC B
of o5 AdS Fal HHH o158 A& VGA
(Variable Gain Amplifier) 2 ¥AFEC)”,

vik)=vlk—=1)+4 * v, (13)

where

2:] NAInEeEAr

YrL = 74
A

M

ef

4714, A= 1 Ada Q A9 Fx I o5
ot} o]} o] ERiHow SYPHE & pA
2= 1 449 Q A o)F EF¥n Ad=
3 A== o5 ] AR el A
Hug, B =2 HW 73 A )& A3l
A8l 1Q B3y BA AGCe AF e At
Fch

3.11Q E0¥ 24T AGC 2| #E 7|y

1Q £7% BA AGC 9] A 71He 2% 5
o AL FEZ o}FoRt

AGC F3ollX 2 Adel FZ By 725 13
62 TAs] 1 AMdAlA g A (192 346}
2 Q Aol o5 E¥= Aol o3 Ase
o5 e A (152 343 w2t A DI (13)

AGC & i) Compensator

Amplitude Compensator
[ [ l
G B¢ -
p ) Cm:gea::alm "
L
IGA ADC o
L“ L]

Analng ‘An’;iog T T
RC Filter RC Fitter
Vit

FDM Converter Amplitutie & Phase
Estimrator
Loop Filter l
O i

13 5. Aok 1Q EFd ¥k AGC A¥ T3
Fig. 5. Proposed joint scheme of IQ imbalance compensation
and AGC.

s

344

vifk),
(@
ro i VQ(k),» 71 vo(k-1)
®)

08 6. 12 Q A F= He| & @ I Ad (b) Q
A @ 134 k) Q AL

Fig. 6. Loop filter structure of I and Q channel. (a) I
channel (b) Q channel

WA ALK, o2} wilk], wollkle] AR rik)1%t

ro'lk] BReZ F3E 4 glck wekA o)5 34 A

FEsE A 3RS 2Y ¢ 9ed, 3 A

g}—— VGAE E3 »Agtozx 7189 ol5 rAt
< S0 FA A 9F 222 A gert

v k) =vlk—1)+a -« vy (14)

where

Ypr = wa

vok) =vplk=1)+8 + 7, (15)
where
L L
o= 2irilkl/ 3tk

714, o} fE A7t 1Q Adel F2 Y o5
olck. s} ¥l wE 34 WL A @), B4
e A (ADFH 122 7189} WA St

L’
0

v. 2o} MEE &8 d5EY

E 12 £ =3l moAel AR WS
ehd Alo|w, B dyelE At 71He s

BE
3 dubdel 1Q BT AGCY BA 3 Zele]



=5/ M-WIMAX A~®l9] DFE #A35 913 1Q 3 249 AGC 23 714

E V.29 49 mi2inlE,
Table 1. Simulation parameters.

Parameters Value
Carrier Frequency 2.3 GHz
FFT Size 1024

CP Length 128

Coding & Mod. Uncoded 16 QAM

(Free-space) Path Loss 100 dB
SNR 30 dB
Amplitude Imbalance 5 dB

Phase Imbalance 10 °
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