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Analysis of Linear and Nonlinear Distortion Effects on
CDMA Reverse Link Transmitter
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ABSTRACT

In this paper, the distortion effects of impairments in CDMA transmitter system were analyzed. We considered
not only linear distortion effects, for example, 1/Q imbalance, quadrature offset and carrier leakage, but also
nonlinear distortion effects such as AM-AM and AM-PM noise in power amplifier. To investigate how the
impairments impact on the performance of CDMA transmitter, all effects represented as a fuction of CDMA
modulation quality which is an important measure of the {ransmitted signal. These results show the limitation

value of each impairment which is required to satisfy the IS-95 standard.
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Fig. 1. Various distortion factors of a wireless digital transmitter

2166



RC/CDMA s 321 $4%9 M8 R U848 92 &3

M
2

wE Wz HEE YFHog nistd dA
RF %‘ Are 2% g A" = ole AAVIES
A A 822} gk,

I.1S-95 CDMA utsl 418 gzl g9l o
SEREX

1. 15-95 CDMA <4 §,* e

Iy 2y g
3 g3 748e CDMA $4159 7‘}9?! EET
g Jehich 1/Q Ad A5 E WxdeE ord PN
(Pseudo-noise)A &+ 1.2288Mcps2] &8 zhe 27
o] EYZ9 dyg AN3g mdY=n ojg WY 4
39 AL 9435 FIR /1A "ee gy
SH-& TIA/EIA/IS-9501 4] 4 o] & gh-& o] &S ri8].
dolee tlXg FIR YE 2 57 " 18959
A Zg g2 J&e 4 MEHHL, 7 AUY
UE & 5343 A3E I 2 waAa B4 3l
I7} AR Bdvlo M FA43= COMA A S &
HAYE Ly FF% ON/OFFE ¥s§t7) ¢sto
OQPSK(Offset QPSK)¥H =5 =0, OQPSKAEE »
4837 st Q AHAEZE 7| A E HE 7]
Aol 1/23 b A A 2t

g "ol CDMA Al 29 $AFE Hrhs)
7] 9iM e B CDMA A&7t A s ojof o).
s()E QA Yt WA whe] dY s ST
25¥ Zhzhe] 1A d & QAo 256bitse] t]x ¥ rﬂl

U

+1ve] sgainh o] AEE 17]9 MED A A

L33 snj& N=4Xx256=1024712 ME= A
k=3

2. A-|Si4ﬂl HIME o2 A8 BA
OQPSK Wz¥ 71 A15e $£41719 IF &
RF 248 $3489 $A05052 dazd $ A9
A7 8 FEE A e UE Fato A8 "o &
AAFE A Hzs], RF WA, 227 9 58 %
et i o] 4% X&) AN AF e 27

9} 8)4to] Wl o Lo] wrAElY, MF o) I A
L ztzrel HEES HAE AUz AVNE
zA%tozH 2449 5 Stk CDMA 42 9] o] &%
A A w3 FA MBS L E e
fiste] WA 4 pE AR 4 o] TH6|I8]

k
. M
P Sir 411 1y1A°

o W ylkle HAFHFo] A 2HAZ I, 7kl
T odFol f1& oAl FH B eln, TIA/
EIA/IS-950l) wh2w po] & 8§35z 0.944% 0]

) Slehsl ol A AMNA s H9
H 27} o] grol g oz 44 Hlofof $& jvlght.

WA 5 24357 YsiA OQPSK Mzxd 1135
NI, o3 MAE NEE FARE 53
3l & o] A Al k. Z7\7 Bz a7k 2o} o=

]

Power s
frem—t>

OJElE WA old 0& —1VE vl
t Sequence J
1.2288Mcps Sampling .| Baseband
4smp/chip LPF(F|R)
Q Sequence
1.2288M
D Sampling Baseband
4smpi/chip LPF(FIR)
1/2 chip e o
delay

fouj

% 2.CDMA 9waf B3 Ad 2
Fig. 2. Simplified model of CDMA reverse traffic channel

2167



HEE G B E W LIS 9710 Vol.22 No. 10

1)

G0 ®

05at 0 deg.\/'yl

C(t)y=cos(®ot
(t)=cos(@ot) AN
ol Ve
0.5pat —%—Qdcg.@
Q)
(a) YR Wz 7|
IR(U)
0. SC,([)
0.5at 0 deg,
=059 RF in [Cy0)]
0.5at-%0 deg 0.5C,(t)
QR

B R E R T LI
Fig. 3. A typical non-ideal modulator and ideal demodu-

lator

2710 e =Asts) 9)siA 92}-&}3— w9 8
o AlAbalsL o] AR MAA S

} ;L%} 3 ](‘ )= 2l Hpqo] Wz

719} M% L}EH!E}. Wz7)e) 298 e 2749

>
fot
o
=
O
H‘U
_q-r
£
1rn
]
4
s
E

C;=0.5 cos(wyt)
Cp=0.5pcos(wyt —90° =) )

o714, e AH M0 o7t 19 Q Atel 9] 24
Qzpol, = 19 Q Atole] AFE exbE YEpdLh
Wxrle) 292 g3 3ol fruFvh oldf £ 4
o] jbgat FHFE 2]letr] fste] vahg lwich

2168

C,=0.5 (k) cos(wyt) +0.5B8Q (k) cos(wet —90°—0)
+0.5 7, cos(wyt) +0.587,cos(wet —90°—0) (3)

olul, kiz W79 ¥ & AW Aotk MR
Z)e) Wt FAETE 29 39 (b)9h e o A
2l mxn-@ Wzbgho wM BAY & ek o) A
WG Agte] FAH 19 QB E H@sh o]
% & sl

Ix(k, )=0.5 cos (we ) C, @
Qrlk, 1)=0.5 sin(wet)C,

21(3)2 A4l APy 2FEoheke e 98
HASH (59} 7F AMNE AL 5 o

Ie(k, )=1(R) +7, = sin(Q) [Qk) +7,]
Qrlk, )= cos(0) [Q (k) +7,] (5)

AEAA 10 Qo] et 458 7, vt
Origin offset-g Yehp, 25 ua7 226 4
Bk b7 globd fo ke o] Bk

A58 Aol Westd M= Aol X3t
NS CE 23 5 Utk ol JREYE AF
9.2 g} YAt ear (o E WERASS 1 5 9
th Co()e} A7) RS a@), 93 HEL (02t 8
W AHSEIE B3 F A5y A0 2ol

Ri=3

y(t)y=Fla(t)) - e /1#0) HPlalil) (6)

A4 F()E NE2Z7 7 % uMdE
T M AM-AM S-S P()E AM-PM 2S¢
v A “’/101 AM-AM. AM-PM % 5
2 el ) glel 2 witol e Saleh[9]9] &<
AHE-SF

N\O a_’.'. _\9, B

o pay
He =G amm
Play =% —4etr (7)

6 (1 +a())

EA4E o= e curvedfitting W & o] 83tH



WX /CDMA A48 2 $£259 g g udiy 3 an

/51

e

p=2.043, m=1.233, n=2.037, g=1.839, i=6, 18
3 j=49 & A& & Ak 29 40N FH3L
curvefitting gt# Andrea’s 3{10]2] ¥ 2E& JeEpg At

1.2 - ; 50
Measured R
Curve-fitted  ------ AM-AM da
g 100 pandreals] - o caa >
5 P <
2 g 430 2
g o8 o 02
o e
2 e 1A 5
b Yl - / 8
= 06 0 P 120 3
< : 7 P
9 / / - , =
. e - A M. o
L v P IAMIM |
£ S 7 =
73 // // ey f
B e 0
/
0.0 & L L L L .10
0 02 0.4 0.6 0.8 1

Normalized Power input

D2l 4 AYFE79 AM-AM, AM-PM §4
Fig. 4. AM-AM and AM-PM characteristics of power

amplifier
1.02 —
[ OOV OU SOOI TP TSR TSP
m‘\\
098 | ——
ol T
5 \\
& — ~
E 0% \\‘\\\\sz
O
e T = \_ &
2z — =
E: T =
0941 ‘\\\ \ﬁg.
— _FF
=10

092

1/Q imbalance B [dB]

8 5 NELA po} YA (o WE HEAF pghe
¥}

Fig. 5. Modulation quality versus [/Q imbalance and
Quadrature Offset

2% 5e AEZ 3} po} H4 At (o wE wEA
4 %t WstE Uebdth gdrd ALEEE 71A
e ICe AHAQ) geg A e JAF A9
et dsia Wz Sl ghe 0989 FER
IS-95 & 32 09448 wrEsin], 2y 59 AFA=R
HE] (=8 and f=3.6dB F=¥ {=10° and f=2dB ¥
o 0.9449) & 2t Ae d Ak

28 68 FARtEe] o) k& pgrel WElE Y
Epdty. 29 60 A2 NEH 15954 273tE
Ao HERAF G 2] A TS Fe
—5dB o]o] oo F& U+ AUrt

1050

=
b
(=)
e

Wavcform Quality
5
T
/

I
3
3

0.800

i
0.750 ¢ . .
40 30 20 -10 0
Carricr Lenkage [dB}

28 6wt aho] ool mE MRS pgle] W
Fig. 6. Modulation quality versus Carrier leakage

mng &8
B =7 e CDMA 9wk 339 gar) $4
Ro| Ao JojM AWz, FE7), F34 £

7], Y8 § thdd IFG € RFA2 §off o8l dof
3 5 2 4 wd, 1/Q 4%, Quadrature off-
set 53 72he MYEAT Fao} AHFE oA 2
v AM-AM, AM-PM #&3 722 Hj 4y 2§
ol wpE WEA o] HIlE FFH o 33y
Al RF 21588 748 o A182 £ de A7)
& AANFU B =8y et B E=EA o

2169



WELBSBEH LG "7 10 Vol 22 No.10

1. L.E.Larson, RF and Microwave Circuit Design For
Wireless Communication, Artech House, Norwood,
1996.

2. B.Buxton, “Mecasurement Methods Analyze Digital
Modulation Signals,” Microwave & RF, No.7. pp
67-72, Jul. 1995.

3. ADowd and M.Levine, “Calibrate Vector
Modulators For Phase Modulation,” Microwave &
RF, No.8, ppl01-108, Aug. 1596.

4. T.Nojima and T.Konno,
Linearizer for Relay Equipment in 800 MHz Band

“Cuber Predistortion

Land Mobile Telephone System,” IEEE Trans. on
Vehicular Tech, Vol.34, No.4, ppl69-177, Nov.
1985.

5. S.A.Lindsay,
Magnitude,” Microwave & RF, No.4, ppis8-167,
Apr. 1995.

6. S.W.Chen, W.Panton, and R.Gilmore, “Effects of
Nonlinear Distortion on CDMA Communication
Systems,” [EEE Trans. Microwave Theory Tech.,
Vol.44, No.12, pp2743-2750, Dec. 1996.

7. B.Law and M.Groh, “ldentifying RF-Reclated
Impairments in Full-Service Digital Networks,”
No.3, Mar. 1996.

“Equations Derive Error-Vector

8. Telecommunications Industry Association, Cellular
System Dual Mode Mobile Station]Buse Station
Compatibility: Standard (EIA/T14) 1S 54-8, April,
1992.

9. A.M.Saleh,
quency-Dependent  Nonlinear Models of TWT
Amplifiers,” IEEE Trans. Commun., Vol.29, No.11,
pp1715-1720, Nov. 198].

10. A.N.D’Andrea, V.Lottici and R.Reggiannini,

“Frequency-Independent and  Fre-

“RF Power Amplifier Linearization Through Am-
plitude and Phase Predistortion.” JEEFE Trans.

2170

Commun., Vold44, No.ll, pp 1477-1484, Nov.
1996.

£ 2] H(ic-Pyo Hong) A3

19941 28 - A A o 8} v d &3 8T gAY

199641 29t Mo 3har W x5 8k} o 3H(F 84 AL

199641 39~ A Al st Aa-gata g v
A} st A

wr A ek 2w T SR AA W ) E

F A F(Jae-Ho Yoo) A3

198251 290 1A ) 8t 2hg- 8H(F A

1987 29 oM uf 8han g 8ot o SHI (- &M A

19911 22 ~& 4 : SK Telecom

19943 8~ A - A el ohal 258t kel w
A7

kAol ol g e AT A R o A A

At 81 FE(Byung-Jun Jang) 2 8 9
19904 290 ol A o)) 8F & 2} 2 8k (L HA})

19920 291 VA e S, 418t T SHACE B AL
19974 29 - AN 8o 2 2} Z 8 of) SHU(Z A
19954 39~ 2 LG4 2} FE|v|v]o] A4

s 7k A dtop gl Aabl e orelivt, =g A,
SIRSE SRS ot s |

gt 5F F(Han Kyu Park) A 59
194143 69 212140

19641 290 2V A o)) 8o A 7] Z 8L EHAL)

19681 29 -l Mo s A ]38kt df s (F 3 AD
197341 ’\L/q )l SRl A R) vpabaA FE(DEA)
197541 8 eb A wbejen)] 8, Ph.D.
97(,L.«l,~1992t.1.?MW} LSS It S e S

el =514t ot e

e ¥ 4ok o] 5 A1, obelu, ol AR AEAL A

g



