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Prediction of a CDMA Output Spectrum Based on
Intermodulation Products of Two-Tone Test

Seung-June Yi, Sangwook Namember, IEEESung-Hoon Oh, and Jae-Hee H&tudent Member, IEEE

Abstract—A prediction method of a code-division multiple-ac- giod
cess (CDMA) output spectrum based on intermodulation (IM) : BPF | x(t)

BPF t
Power centered vt
l Amp

products of a two-tone test is proposed in this paper. An RF centered
power amplifier is mathematically modeled by a complex envelope onf
transfer function and, using this model, analytical expressions of
IM products and a CDMA output spectrum are derived, respec-
tively. By combining these two expressions, we finally derive an
analytical expression that relates IM products to a CDMA output  Fig. 1. Block diagram of a general transmit system.
spectrum. It is shown in this expression that not only AM—AM,
but also AM—PM distortion affects the CDMA output spectrum. _ N _ )
Comparison between the measured and predicted results showsexpression of the amplified CDMA output spectrum is derived
that the output spectrum predicted by this method agrees well by AM—AM distortion, and the power amplifier's traditional
with the measured spectrum. nonlinearity parameter interception point (IP) is directly related
Index Terms—AM-AM distortions, AM-PM distortions,  to the output spectrum. Unfortunately, to the author’s knowl-
CD(I;/IA output spectrum, Igfc_;mplex envelope transfer function, IM edge, the relationship between intermodulation (IM) products
products, RF power amplifier, two-tone test. of a two-tone test and a CDMA output spectrum has not been
reported. Though the IP is closely related to IM, the IP is a
|. INTRODUCTION scalar parameter, and Wu'’s paper cannot explain the effects of

HE recent digital mobile communication systems useAaM_PlvI distortions on the CDMA output spectrum. Since IM
code-divisiongmulti le-access (CDMA) sch)éme for hi ri15 avector process, s is shown in [8] and [9], not only AM=AM,

- P : : 9But also AM—PM distortion should be considered in predicting
spectral efficiency. When a CDMA signal is passed through A amplified CDMA output spectrum

RF transmitter, however, spectral regrowth is inevitably gener-__, . . .
. . . . This paper presents an analytical expression that relates IM
ated by nonlinear devices, and the spectral efficiency gained X : .
. . . roducts to a CDMA output spectrum. With this expression, one
by using a CDMA scheme is reduced. Since the spectral re .
) . ) can predict the CDMA output spectrum only by IM products of
growth is stringently regulated and is mostly generated by a non- : o
; o . a two-tone test. Since the measurement of the amplified CDMA
linear RF power amplifier, it is very important for RF system . oo ! .
. : . . .. _output spectrum requires the spreading input signal that is gen-
designers to predict the distortion effects of power amplifiers o ;
) : . rated from the baseband and modem part, it is much easier to
on CDMA signals. To this end, many technigues have been de- .
measure the IM products of a two-tone test than the amplified

veloped, each_prowdmg good r_esults. Most of them build trEDMA output spectrum. Moreover, the analytical expression
baseband equivalent mathematical model of a nonlinear power

. o : Nat we derived can give the increased insight into explaining
amplifier based on the quadrature decomposition techmque%ﬁy adjacent channel power (ACP) and IM do not necessarily

was first proposed by Kaye [1]. The spreading signal is then R¥&ck each other. The reason is that the IM phase does affect
into the power amplifier's mathematical model and, by using :

: : o tRie spectral regrowth. To show the effects of AM—PM distor-
fast Fourier trans_form (FFT) algorithm, the amphﬂed CDMA\ion o?w the CDgMA output spectrum, a nonlinear power ampli-
output spectrum is calculated [2}-{4]. Though this method Pier is modeled by a complex envélope transfer function not
dicts the output spectrum accurately, it is quite difficult to see

. . : only by AM—AM distortion. A verification is performed with
how a power amplifier's AM—AM and AM—-PM distortions af- ad/vide-band CDMA (WCDMA) system, where the measured
fect the spectral regrowth. An analytical approach is developgn d oredicted spectrums are compared
by Wu [5]-[7], where the stochastic theory is combined to the P P P '

guadrature decomposition technique. In that paper, an analyticallI

on fe

b(t)eis®

F(b(t))

. MATHEMATICAL MODEL OF AN RF PFOWER AMPLIFIER
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whereb(t) is an amplitude and(t) is a phase of the carrier, re- ' ' T PF—0- ' : ' " "
spectivelyw, is the.carrier. angulgr frequency, angt) dgnotgg 08l 6.5

the baseband equivalent input signal. Due to the nonlinearities 1

the power amplifier, the input signal experiences AM—AM and °®{ 1.5

AM-PM distortions, and the output signal can be represented ¢ ¢4|

y(t) =Re [y(H)e!"Oci]
ol

2 Re[F((t)e e |

=|F(b(t))]| cos (wct +6(t) + ZF(b(t))) @)

0.2F
-0.4

wherey, (t) denotes the baseband equivalent output signal ar .o.s}
F(b(t)) represents the complex envelope transfer function of th
power amplifier. In (2)|F'(b(¢))| is equivalent to AM—AM dis-
tortion and/ F'(b(t)) to AM—PM distortion. For a narrow-band 4 . N — . ‘ A ;
memoryless systen#](i(t)) function can be represented by the ~ ° 2% 400 600 800 1000 1200 1400 7600 1800 tm()?:ls)
odd-order Taylor series as [4]{[7]

-0.8}

Fig. 2. Waveform of:os wteiP1 <°s @t with variousp, values.

F(b(t)) = flb(t)+f3b3(t)—|—f5b5(t)+- . :Z f2k71b2k_l(t)
k=1

() and the general expressiongfi._ is easily obtained, as will

since the even-order terms are filtered out by the secon shown in the foIIowing section_. Without loss of ge_nerality,
BPF. The complex coefficients,x_; can be obtained from F(b(t)) can be characterized by firstterms, and we will use
the odd-order complex polynomial fitting of the comple)zhe following as a baseband equivalent model of an RF power

envelope transfer function. Note that each phasg,pf, has 2mPplifier:
a different value, which means that each order of distortion
experiences different AM—AM and AM—PM distortions. In
many papers, the complex nonlinearify(h(¢)) is quadrati-
cally decomposed into AM—AM and AM—-PM distortions as
F(b(t)) = M(0(t))e?T®M®) | but, in this case, since’” ()

also has the amplitude quantity in addition to the phase
quantity, it is difficult to represent each order of distortion.
That is, if, for the most simple exampl&/(b(t)) = m1b(¢t),

n

wolt) = Fla,(®) = 3 fucia? ). (©)

k=1

I1l. ANALYTICAL EXPRESSION OFIM PRODUCTS IN
CONTINUOUS-WAVE TWO-TONE INPUT

P(b(t)) = p1b(t), andb(t) = cos wt, then In a two-tone test, IM products are inevitably generated from
, , the power amplifier's nonlinearity. Generallij; is used as
M (b(t)) e W) =my cos wtedPr cos a linearity parameter, but when an input signal becomes large,
=1m1e’Pt cos wt 4 mze’P® cos 3wt + -~ higher order IM products are also generated. Therefore, we de-

(4) rive an analytical expression of IM products in general order.
The input signal in a two-tone test can be represented as

and it generates every odd-order harmonic components. This

effect is graphically shown in Fig. 2, where the waveform of(¢) = % cos ((wc—i—Aw)t—i-e(t))—i—f cos ((wc—Aw)t—l—H(t))
cos wte/Pr < “t s plotted with varioug;. It is clearly shown 2 2

in Fig. 2 that, for small values qf;, the waveform is almost = s cos(Awt) cos (w.t+6(t))
a pure sine wave, but when grows large, the amplitude is o0y
greatly distorted by phase distortions and the waveform no =Re [8 cos(Awt)e?? ) el } (1)

longer shapes the sine wave. If we use FFT algorithm, this

effect can be fully described and the output spectrum can Bfieres/2 is an amplitude of each tone. The total input power
correctly predicted, but an analytical expression of the outpgf this signal is

spectrum is hard to derive since it is very difficult to derive the

general expressions @hs,_1 and pox_1. Therefore, we use 9 9

the complex envelope transfer functidf(h(¢)), by which an P =2x 1(5) 1 S_(W) (8)
analytical expression of output spectrum can be easily obtained. 2\2/ R 4R

For F(b(t)), my cos wtelPr <« can be represented as
whereR is the nominal impedance usually 80 By comparing

my cos wielPr cos <t = f1 cos wt + f3 cos Swt+ -

=1y cos wt +yz cos 3wt +---  (B) Zo(t) = s cos(Awt) (9)
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2 * : HB simulation m
- : predicted

(@) (b)

Fig. 3. Output envelopes of: (a) carrier and [b];.

the resulting baseband equivalent output signal is Pout (dBm)

n

Yo(t) foro1@2E 7Lt
1

k

for—152*7L cos®* L (Awt) 10k Carrier(Pw)

[l

}
[}
=]

= Awt 3 S(AwWE) 4+ - - al * : HB simulation
f1s cos(Awt)+ f35° cos®(Awt)+ " HB simle

2n—1 2n—1
+fon—15 COs (Awt) IMs (Pim3)

_50 -
3 3 2n—1 Cn—l 2n—1 60}
=<f18+1 f3s +"'+W fon—18 ol
1 an—1Cn—2 9 1) 0 S : ' ' : .
- cos( Awt)+[ = 3+___+ Y -10 5 0 5 10 15 20 2%
(Awt) <4 fas 4n—l fanrs Pin (dBm)
1 . - .
. COS(3Awt)—|—- . ._|_<_4n_1 f2n152n—1> Fig. 4. Output power characteristics of carrier dhl; .
. cos ((2n — 1)Awt) can calculate the general-order IM powers as a function of input
amplitudes.
=y1 cos (Awt)+y3 cos(3Awt)+- - To verify our analysis, we compare the output envelopes
T yon_1 COS ((% _ 1)Awt) predicted by (11) with those by harmonic-balance (HB) simu-
lation, which are performed on the commercial computer-aided
_ - design (CAD) tool HP Microwave Design System (MDS).
= Z yar—1 cos ((2k — )Awt) (10) Using MDS, we design a 2-GHz band power amplifier, perform
b=t a two-tone test (1.99975 GHz, 2.00025 GHz), and finally

obtain the output envelopes of carrier aidds. At the same
time, the output envelopes are predicted by (11) with the
mathematical model of the power amplifier. The coefficients
_ 9;—1C;_k 21 far_1 are determined by the odd—orQer polynomial fitt_ing of
Yor—1 = Z Tt foj-1s (11)  the complex envelope transfer function, which is obtained by
j=k AM-AM and AM-PM distortions of a carrier one-tone. The
two output envelopes are then plotted together, as shown in
Fig. 3, to compare the results. Since the output envelopes have
1 2 1 | 2 complex values, they are displayed in polar form. As can be
Prones = [ LDy (12) ceeninFig.3, th
™M, 2k=1 = 5 | 7 R Y seen in Fig. 3, the two output envelopes are much close to each
other for both carrier aniM 3. It shows that both the magnitude
where Py is carrier frequency output power, adth: o»—1 and phase of each frequency component are predicted well
(k=2,3,4,...)are(2k — 1)th order IM output power. Equa- by (11). In Fig. 3, the agreement in the small-signal region is
tions (11) and (12) show that, if a power amplifier is properlhard to see because of the small-signal amplitude. Therefore,
modeled, i.e., if coefficientg,;_; are correctly determined, wewe present the results in another way, as shown in Fig. 4,

wherey.;_1 IS an output complex envelope of,;_;. The
general expression @by 1 is

n

and it relates to th&Vly;_; output power as
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where the power characteristics of carrier itk are shown. whereE][-] denotes the mathematical expectatiof-pfPutting
Excellent agreement between the two results is obtained, fr¢&) into (17), and recalling that,(¢) is a real signal
the small- to large-signal regions. Though we did not show the
phase characteristic, it also gives good agreement between the n *
two results. From Figs. 3 and 4, we verify the mathematicalRy,(7) = ZfQJ 1z (2 Zka_lafzkl(tJrT))
model of a power amplifier and the analytical expressions of o=
IM components. Though we did not compare it with the real n n
measurem.ent re_sults, HB simulation is known as the most ZZfQJ—lf% 1E[ 2 1(4)z EH(HFT)}_ (18)
accurate simulation method for a real system, and we conclude it
that Figs. 3 and 4 verify our analysis.

The calculation of the expectatidfi[-] in summation is quite

involved. To develop the expectation, we use Isserlis’s formula
IV. ANALYTICAL EXPRESSION OFOUTPUT SPECTRUM IN [10]

CDMA SIGNAL INPUT

The derivation presented in this section is similar to that of Bl X X
Wu [5]-[7]. The most different thing is that while Wu use an = B[ X1 Xo]|E[X5Xy] - E[X, 1 X, ]
AM-AM distortion only, we use a complex envelope transfer + E[X1 X3|E[XoX4] - B[ X1 X ]+ (19)
function as a nonlinear power amplifier model in order to ex-
plain the effects of AM—PM distortion on the amplified CDMAwherer is even integer an&; are zero mean Gaussian vari-
output spectrum. A general input of the QPSK modulatesbles. The summation is taken over all possible ways of dividing

CDMA signal is ther integers intar/2 combinations of pairs. For example, for
r=4
z(t) =1(t) cos wet — Q(t) sin wt E[X1X2X3X,] = E[X, Xo]E[X3X4] + E[X, X3]E[X,X4]
I2(t) + Q*(t) cos <wct + tan™* —?53) (13) FEXLXE[X Y] (20)

Using this Isserlis’s formula and applying a tedious manipula-

tion, we obtain
wherel(t) and Q(t) are the in-phase and quadrature compo-

nents of a baseband signal, respectively. The baseband equi _ 1 1 3! K 5! K2
lent input signal is then Ko(m) = 112001 h T fs T3 SR+
(271—1)' n—1 2
zo(t) = VI2(t) + Q2(2) (14) t o oy BT BeolT)

L - . . 1] 3 5! 7! 5
which is a bandlimited white Gaussian process. An output torlo g Bt T g A+
spectrum can be calculated using a power amplifier's baseband ) ) ) )

i ; 2
equivalent model since the power spec_trurry(ﬁ) and that o.f n (2n—1)! fon 1 K2| RE (1)
4,(¢) have the following relation, which is derived from (2): 272 . (n—2)! 2n-1 zo
1 b
Pf) =t {Pull = 1)+ Pl + 10} (29) (2k—1)!
‘(2k 1 s (2k+1) o Kb
Therefore, in order to calculate the output spectf@yf), we et 21 2
only calculate the baseband output spectlBm(f) and shift (2n—1)! 2
this spectrum to carrier frequendy. By definition, a power + 27}_/17 Jona K™% B2y 4.
spectrum is equal to a Fourier transformed autocorrelation func- -(n—=Fk)!
t@on, andP,,(f) can be obtained from its autocorrelation func- N 1 (2n 3) ; (2n 1) K 2
tion R,,(7) as (2n—3)! w3t oy Jond
= | . 1 <2n 1) g
Pyo(f) = F[Ryo(7)] = / Ryo(r)e™dr  (16) RO+ Jenaa| RE7H(7)
- (21)

where’[-] denotes the Fourier transform [gf. Also by defini- where
tion, R,,(7) is expressed as
Repo(T) = E[zo(t)ao(t +7)]

Ryo(7) = E[yo(t)ys(t +7)] 17) K = R,,(0) = E[z2(1)]. (22)
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The above expression &f,,(7) seems to be very complicated therefore, we will derive an analytical expression of a CDMA

but can be simplified as output spectrum only for a rectangular filter. When a rectangular
" PSF is used, a power spectral density (PSD) of the baseband
Ry (1) = Z agp—_1 R2K1(7) (23) equivalent input signat,(?) is
b=t Poo(f) {NO/Z Ifl<B 27)
where o, |fl>B
2
1 n—k (2 + 2k — 1)! ; whereB is the bandwidth of the PSF. The autocorrelation func-
agk—1 = 2k —1)! ; 2 ! Jrjyon—1 K| tion of this input signal is
N, sin(27 B
(24) Ruo(r) = Elz,(H)z,(t +7)] = w
T
Using (16), we can derive an expression for the power spectrum K =R,,(0)= E [xz(t)] — N,B (28)
Pyo(f) aS
and the total input power is
Pyo(f) = FRyo(7)] 1IN . N B
= ZGQk—lF[Ri’;_l(T)] b= 9 <7 x 2B> - 2R (29)
k=1
" To obtainPs—1 (f), convolution is performed on the input spec-
_ Z asio—1 Poi—1(f) (25) trum in.(27). Sincef’xo (.f) ha§ a rectangular shape, the calcula-
P tion of its convolution is straightforward, and we get the equa-
tions shown at the bottom of this page. In general,
where
(1 1 (KM
Py 1(f) =¥xo(f)®Pxo(fl®"'®Pxo(f)7 k-2 B <5>
2k—1 times kg |f| ko
®: convolution (26) . —1)" o1 1Cy < 2k—2r—1 ——) ,
Py r(f) = Lz_%( ) 2610 | ( )="5

Equation (25) shows that an input spectrum is directly relates

to an output spectrum. That is, if a power amplifier is properly for (2g-3)B < |f] < (2¢-1)B,

modeled, an output spectrum can be calculated by an input spec- 1<¢<k
trum with some convolution processes. L 0, for |f| > (2k—1)B
Now, we will derive an explicit expression of an output spec- (30)

trum assuming a rectangular pulse-shaping filter (PSF). Thoughere N, B is replaced byi. Note thatPs,_1(f) is different
a raised-root cosine (RRC) filter is used in many communicér each frequency band since the different order of convolu-
tion systems, its spectrum is quite similar to that of a rectangulion is performed on the bandlimited input spectrdip,(f).
filter, while its convolution is much more complicated, andyWe have now obtaineds;_; and Po,.—1(f) in (24) and (30),

11/N,B 3 I/ 2 7| 2
55( 9 ) 300(3—§> — 3C1 <1—§> s for|f|<B
P3(f): 11 N.B 3T |f| 2
_ ° 1 <
2!B< 2 ) 3CO<3 B) , forB<|f]<3B
L0, for|f| > 3B
(11 (N.BY 71y 1y 71y
_ - = _ . W . 1 M1 B
4'B< 2 ) OCO <O B) oCl B +002 B 3 f0r|f|<
11 (NB\ [ % A\
—_— - | . _ i <
bBs(f) = 4'B< 2) °OO<O B) sCi(3-5 ) |, forB<|f|<3B
11 (NB\[ 171\
— = = 5— — < =
4'B< 9 ) oCO <0 B) 5 f0r3B_|f|<OB
L0,  for|f| > 5B
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respectively. We can derive a complete expressio®,of /) V. RELATIONSHIP BETWEENIM PRODUCTS AND CDMA
from (25) OUTPUT SPECTRUM
Using the expressions previously derived, we can relate the
Pyo(f) IM products to the CDMA output spectrum. When a power am-
n plifier is operated in a weakly nonlinear region, itis a reasonable
= Z a2p—1 Par1 (f) assumption that the amplifier has only third- and fifth-order dis-
k=1 tortions. Thenp = 3, and the coefficientgy. 1 in (11) will be
2
n n—k .
1 (25+2k—-1)! i 3 5 .
=2 (2k—1)! 2 24 . 4! Prians B y1=fis+ > fas® + 2 580
k=1 =0 - 4 8
1 5 5
< 1 et y3=zf333+ﬁf58°
"\ (2k—2)! B <5> 1,
Ys = 16 I5s7. (33)

k—~q 2k—2
. , |f]
’ {Z(_l) Q’HC"<(2]C_27 -1)- B > Note that each phase 9¢$;_1 has a different value since each
r=0 phase offs._1 has a different value. Solving (33) fgbx_1

for 2¢—3)B < |f| <(2¢-1)B, 1<q<k. Vields

(31)
1
fi= 3 (y1—3y3+5us)

In (31), the main channel i§f| < B (¢ = 1), the adjacent 1 ' ' '
channel isB < |f| < 3B (¢ = 2), and the alternative channel = (Imlem1 —3|y3|e]9”3+5|y5|6]0”5)
is3B < |f| < 5B (¢ = 3). Equation (31) shows that jf;—1 4
are correctly determined and an input spectrum is given, the fs == (ys—3ys)
baseband output spectrufy,(f) can be theoretically calcu- ‘Z
lated up to frequency bar@n — 1)B. It also shows that each =— (|y3|ej9-v3 —5|y5|ej9-“5>
(2k — 1)th-order distortion characterized by, affects the s
spectrum regrowth in the band| < (2k — 1)B. The output fs = E (y5)
spectrum in the banff| > (2n— 1) B is zero, which is a conse- 5°
guence of assuming a bandlimited input spectrum. In practice, _ E (|y5|cj0y5) (34)

SO

there is no bandlimited input signal, and the output spectrum
is not zero in the bandlf| > (2n — 1)B. Usually, the third-

and fifth-order distortions are dominant, and (31) can be sif{ére each complex output envelope is decomposed into its
plified for the case of: = 3, as shown in (32), at the bottom ofmagnitude and phase terms. Using (12), the magnitude term can

this page. To get an output spectru® f), P,.(f) should be D€ obtained by its IM power as
scaled and shifted, as in (15). Using this result, we can predict

the amplified output spectrum of the CDMA signal. l[y2k—1| = V8RPiM, 26—1- (35)
(1 (K e 3 (EY ) 1)’ 1\

for |f| < B

45 -(0-)]
+% <§) |f5? [(5— %')4—5 <3— %)4] , (32)

5 (K\°, .,

3 2
PyO(f): i E - K2 _u
for B < |f| < 3B
5 (Y o FiAY
— = - 5— = < 5
B<2> | /5] <o 5 , for3B < |f| < 5B
L 0, for |f| > 5B.
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For the same power in a continuous-wave (CW) two-tone and Po (dBm)
CDMA signal input,Z; in (8) and (29) should be equal as fol- I
lows: * case 1,3
-10
s2 N,B 52 s case 2,4 b

R_4R— SR ..NoB_K_2. (36) .
Applying (34)—(36) to (32) yields the baseband output spectrum 2 Pz 1.4
P,,(f) and then using (15), we can derive an analytical expres- a0t M only
sion of the CDMA output spectruri, (f), as shown in (37), ast ;
at the bottom of this page. This equation directly relates the 4o} case 2.3
IM products in the two-tone input to the output spectrum in the s}
CDMA signal input. If the IM powers and phases of a two-tone 50 Jb . . —
test are measured, the output spectrum of a CDMA signal can A

be predicted with a given bandwidf. To show the effects of
AM-PM distortion on the CDMA output spectrum, we calcufig. 5. Effects of IM phase variation on the CDMA output spectrum. Case 1:
late (37) in the following four special cases: Zyjr @ﬁyéageefé;lcisi iﬁzig_:ﬂwi%;._ fys. Case 39,1 = 0,5 =
Case 1)8,1 = 0,3 = b5,
Case 2)8,1 =7 + 8,3 = Oy3;
Case 3)8,1 = 0,3 = 7 + O,5;
Case4)8,1 =7+ Oys = 7 + Oys.
The result is shown in Fig. 5, where the spectrum predicted by
IM3 only [Pivs = 0 in (37)] is also plotted for comparison.
The alternative channélB < |f — f.| < 5B is not presented
since all four spectrums are equal in this channel. Fig. 5 clearlyTo verify our derivation, we perform a real measurement
shows that the CDMA output spectrum varies as the IM phaagth an RF power amplifier designed for a WCDMA system.
variations, which means that AM—PM distortion also affects thEhe carrier frequency is 1967.5 MHz and the signal bandwidth
CDMA output spectrum. Note that th&l; phase relative to the is 4.096 MHz 8 = 2.048 MHz). To predict the CDMA output
IM;3 phase has dominant effects on an adjacent channel, andgpectrum, we first measure the IM powers from a two-tone
IM3; phase relative to thBvI; phase on the main channel. Thugest with two 1966.5- and 1968.5-MHz carriers. For the input
far, as the ACP is concerned, we can state that case 3 is the pester of —12 dBm, the measurefiiy;, Povs, and Py are
and case 4 is the worst. Though we cannot measure the accugade —20.2, and—55.8 dBm for the lower sideband, and 8.9,
IM phases, cases 3 and 4 give the upper and lower limit of thel9.9, and—56.2 dBm for the upper sideband, respectively.
output spectrum, respectively, and, using this, we can estim#teshould be noted that since, in our derivations, thg_;
the CDMA output spectrum. The difference between the twerms are obtained by a carrier one-tone measurement based on
limits will be reduced ifPryi3 is much smaller tha®; and the narrow-band assumption, IM and ACP are all symmetric
Py is much smaller thadys. Generally, the real CDMA around the carrier frequency. In a real situation, however, they

output spectrum lies between the two limits, and, for this point,
(37) would be useful to predict the CDMA output spectrum.

VI. COMPARISON BETWEEN THEMEASURED AND
PREDICTED RESULTS

1 . . .
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-5 (-15)
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5 prains | (5 V=Ll
2B IM5 B
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3 . .
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P, (dBm) The difference in the bang — f.| > 3B is due to the fact that a
0 real system has afinite noise level. This finite noise level flattens
out the output spectrum in this band. If the noise level is much

-10 &

, ; lower than that in Fig. 6, the predicted spectrum will agree with
Predicted by Predicted by . . .
20 | M, only (Ul['\)ﬂge% Ll?f%t) the measured spectrum, which is also in the Hgrédf.| > 3B.

With all the errors resulting from a finite noise level and ignored
higher order IM products, the real output spectrum can be pre-
dicted well by (37), which verifies our derivations.

Predicted by
M, & IM
(Lower Limit)

VII. CONCLUSION

In this paper, we have derived an analytical expression that re-
lates IM products in a CW two-tone input to an output spectrum
in a CDMA signal input. From this expression, we show that, not

5 -4 3 -2 -1 0o 1 2 3 4 5 only IM powers, but also IM phases, affect the CDMA output
(f-f.)/8 spectrum. In other words, not only AM—AM, but also AM—PM
distortion affects the CDMA output spectrum. Thd; phase
Fig. 6. Measured and predicted output spectrufas< 1.9675 GHz, B =  relative to thdM3 phase especially has dominant effects on an
2.048 MHz). adjacent channel, and tRel; phase relative to théM; phase on
a main channel. Since it is difficult to measure the accurate IM
do exhibit asymmetry due to the frequency dependence of pleases, it is also difficult to predict the accurate CDMA output
power amplifier, which is explained in [9] and [11]. In ourSpectrum, and, as an alternative, we present the upper and lower
study, the difference between the lower and upper IM is nbmits of output spectrum. The real measurement shows that the
much, and the frequency dependence is ignored. Howev@gasured output spectrum lies between these two limits of the
when the difference is large, the frequency dependence shapiiidicted spectrum, which verifies our work. The difference be-
be included in a power amplifier's model, which will be lefttween the two limits will be reduced Pz is much smaller
for future works. To continue our current study, IM powers aihan P and P is much smaller tha#tys. The spectrum
lower and upper sidebands are averaged as predicted byM3 only also gives good results since it lies in the
middle of the two limits.
_ ‘ Piss. o6 1/10 Pristsr. 2 1/10 In our derivation, an RF power amplifier is mathematically
P, 21 = 10 log [(10 ’ +10 ’ ) /2} modeled by a complex envelope transfer function not decom-
(38) posing it into AM—AM and AM-PM distortions. The reason
is that if a complex envelope transfer function is decomposed,
the effect of AM—PM distortion is hard to analyze, as shown in

9, —20, and—56 dBm, respectively. From these IM powers th§ection Il. Since AM—PM distortion has amplitude quantity, as
C’DMA, output spectr’um of an equal input power is then’ca-e” as phase quantity, it should be considered in predicting the

culated using (37). Next, we measure the real output spectru'\r41and CDMA output spectrum and, for this purpose, we use

of a CDMA signal. The real CDMA signal is generated by | complex envelope transfer function. For verification, we de-

SMIQO3 signal generator, where the RRC filter with a rolloff Ve an analytical expression of IM products of a two-tone test,

factor of 0.22 is used for pulse shaping. The output spectrmd compare it with the HB simulation results. Excellent agree-

is measured by an HP 8594E spectrum analyzer with the rel entis obtained between the two results, both for the power and

lution bandwidth (RBW) of 30 kHz. To compare the measurdl'25¢ ofM, andIMs. L
All the expressions in this paper are derived in general forms,

and predicted results, they are plotted together in Fig. 6. In this .
figure, the predicted output spectrums are converted to the d the IM products or CDMA output spgctrum can be predicted
In_any order. For exampléM; or more higher order IM prod-

ﬁ%ﬁ?r;"segls}\ll\/t,h\évg%hwmeans that the predicted spectrums %rgts can be predicted. Therefore, this paper will help RF system

Several observations can be made from Fig. 6. In the ba% igners to predict the distortion effects of an RF power am-

If — f.| < 3B, the measured spectrum lies between the upp%l} ier, and it is thought to be useful for future software radio

and lower limits of the predicted spectrum. Though an accappllcanons.
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