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The Effect of Carrier Phase Jitter on MC-CDMA Performance

Heidi Steendam and Marc Moenecladyember, IEEE

Abstract—In this paper, we investigate the influence of the  In this contribution we study the effect of local oscil-
carrier phase jitter of a phase-locked local oscillator on the |ator imperfections on MC-CDMA performance, assuming
performance of a multicarrier code-division multiple-access (MC- the phase-locked oscillator model from [10]. In order to

CDMA) system in a nondispersive channel. This carrier phase . . ; .
jitter degrades the signal-to-noise ratio at the input of the decision clearly isolate the effect of jitter, and to avoid the issue of

device. When all users have the same power level and phase jitter Orthogonality restoration, transmission over a nondispersive
spectrum, it is shown that for the highest load, the degradation channel is assumed.

only depends on the jitter variance but not on the specific shape

of the jitter spectrum nor on the number of carriers.

Index Terms—MC-CDMA, carrier-phase jitter, system perfor- Il. SysTEM DESCRIPTION

mance. The conceptual block diagram of the MC-CDMA trans-
ceiver is shown in Fig. 1. A data symbal _,,, with unit energy
and at symbol ratd&, = 1/(NT), transmitted by thewith user
during themth symbol interval, is multiplied with a CDMA

N THE LITERATURE [1]-[8], different combinations of chip sequencdc,, £} £ = 0, N — 1, with N denoting the

orthogonal frequency-division multiplexing (OFDM) andyymber of chips. Sequences belonging to different users are
code-division multiple access (CDMA) have been investigate@sumed to be orthogonal (e.g., Walsh—Hadamard sequences).
in the context of high-rate communication over dispersivene resulting samples, at a rate/7, are modulated on
channels. One of these combinations is multicarrier CDMA equidistant orthogonal carriers using an inverse discrete
(MC-CDMA), which has been proposed for downlink comggurier transform. The resulting time domain samples are fed
munication in mobile radio. In MC-CDMA, the data symbolgq p(t), a unit energy square root Nyquist filter with respect
are multiplied by a higher rate chip sequence; the resultifg the intervalZ. The transmitted signal occupies an RF-
chip.s are frequency-division multiplexed on a set of orthogonghndwidth Brr = N R,. The carrier phase jitter is the phase
carriers. error between the carrier used for up-converting the baseband

Receivers need a local oscillator for converting the receivegic-cDMA signal at the transmitter and the phase-locked
RF signal to a baseband signal. The effect of local osciiarrier used for down-converting at the receiver. All OFDM
lator imperfections on OFDM system performance has beggrriers belonging to the same user exhibit an identical carrier
investigated in [9] and [10]. In [9], it was shown that for ghase jitter as they are up-converted by the same oscillator.
free-running local oscillator exhibiting frequency offset anghe phase erra,(t) of usern is modeled as a stationary zero
Wiener phase noise, the OFDM system performance rapigfean process having a bandwidth much smaller ihydn For
degrades with an increasing number of tones. In order to avojl < N users, the complex envelope of the received signal

this strong degradation, it was proposed in [10] to use a phag@the presence of additive noise(t) and carrier phase jitter
locked local oscillator (which was locked to a pilot tonejs given by

for instance) in order to get rid of frequency offset and of

I. INTRODUCTION

phase noise components that fall within the bandwidth of the M—1 \/m N1 , )
phase-locked loop (PLL). For a given variance of the residualt) = Z Z T On,m Z Cn,zeﬂﬂ(ké/m

phase jitter of the phase-locked local carrier, it was shown in m n=0 k, £=0

[10] that the degradation of the OFDM system performance is p(t — (k+mN)T) e 4 w(t). (1)
independent of the number of tones and of the shape of the

jitter spectrum. The receiver consists of a filtg¥ (—t) matched to the transmit

In [11], the sensitivity of MC-CDMA to local oscillator pulse whose output is sampled at the chip rate at the instants
imperfections has been investigated, assuming the free-runn{iig’}. In order to detect the symbal, ,,, the matched filter
local oscillator model used in [9]; as in [9], a strong deperputput samples are fed to the discrete Fourier transform, and
dence on the number of tones has been observed. the resulting frequency domain samples are correlated with the

chip sequence corresponding to thilh user.
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Fig. 1. Conceptual block diagram of an MC/CDMA transceiver for one user.

As the spectrum of the phase jitter is much narrower thgjiven by
1/T, the variation of the phase jitter over the impulse response

duration of the matched filter, which is in the orderZfcan ) E,n T |2
be neglected. The input of the decision device is fed with tfer = 10log | 1+ E[|W ﬂ EUQ" (Bn = E[B"])9"| }
sampled, o, given by ™0
. _ T . M-—1 E
n, 0 = \/ B nin, oy EBrley +Y = Bl|d B - EBDG[] |-
+ Es,nan,OQZ(Bn - E[Bn]) QZ 5:0 E|:|Wn70| :|
M-1 "
+ Z VEs, cas oct Buch + W o. (2) ©)
5;2 Assuming that all users have the same jitter spectrum

S»(f) and the same energy per symhBl, the powers of
the fluctuation of the useful component and the multiuser

The vectore,, contains the chip sequence of userwhere | K
interference yield

len i|=1,4=0,---, N —1. The elements of the matrii,,
and the additive noise samplég, o are given by E|:|£Z(Bn _ E[Bn])gﬂq
LS~ ot o =5 [ sk ™
(Bnr,t = 32 A2 l(R=0/N] ién (1) (3) s e 0
=0 M1 [ 2}
N—1 +oo E [E |CT(B _E[B ])C*
1 . r s, =L n nl/kn
_ * —j2w(kl4+/N) *(y —
Woo =3 3 che / w(typ (t — kT) dt. 52;2
. - M—1_ [t ,
4 = — —
) v b /_oo o (1= 1Ho()I”) df  (8)

According to (2), the sample at the input of the decision devid¢here M — 1 denotes the number of disturbing users and
can be decomposed into four uncorrelated contributions. THéo(f)|? is a low-pass filter given by
first term consists of the mean value, with respect to the.carrier ) 1 sin (7 fNT)
phase jitter, of the useful component. The second contribution Ho(NI” = | v =7 ©)
i . ; N sin(nfT)

contains a zero-mean disturbance caused by the fluctuation o
of the useful component. The third contribution is zero-medA obtaLnlng (7) and (8), we h?ve Esed the approximations
multiuser interference caused by the phase jitter that provol@kn,kc'ﬁ; W]~ O x and Elc x40y, n,me] = N/(N =
a loss of orthogonality between the different users. The fourth(Sk, m &y — 1/N &k, 6m,m ), @nd followed a similar rea-

For small phase jittep,,(¢), we can use the approximationation of the useful component and the multiuser interference
exp (jpn(t)) = 1+ jé, (t), which reduces the matrix elementdnainly exist of the low frequency componerits1/(NT) =

2

(Bp)i,1 to R;) and the h.i.gh frequency componerits1/(NT) = R;) _
of the phase jitter, respectively. The sum of (7) and (8) is
1 ] N1 - linearly increasing withAf.
(Bu)y, ¢ = N(sk’é ++2 Z G (iT) 727 ER=0/N] (5 For the highest load, i.e}f = N, the sum of the powers
i=0 of the fluctuation of the useful component (7) and multiuser

interference (8) only depends on the jitter variance but not on
We define the SNR at the input of the decision device &se specific shape of the jitter spectrum nor on the number of
the ratio of the power of the average useful component to ti#DM tones: forV active users, the degradation is given by
power of the remaining contributions. In the presence of phase
jitter, the SNR is reduced as compared to the case of no jitter D,, =10 log <1 + LQ Ui) (10)
E, ./E[[W,,o|?]. This degradation, expressed in decibels, is EllW,, 0]
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where the jitter variance?5 is defined by 0.16
0.14
too f/R=0.5
o2 = Se(f) df. 1y ¥
4 o 04 | fi/R=0, f/R=1
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When M < N, the sum of (7) and (8) does depend on

the shape of the jitter spectrum. Let us consider the following 98 | /R0, f/R,=5
cases. 0.04 1
i) When all jitter power is in the intervalf| < 1/(NT) = 0.02 fi/Rs=5
R, the multiuser interference power (8) is essentially o : : : ‘
zero. The degradation of the SNR is independent of the 0 0.2 0.4 06 08 1
numberM of active users and equal to (10). (M-1)/(N-1)

if) Decreasing by some amount the jitter power in the intervaly > pegradation as function of M2 = —40 dB, SN R,_o = 25 dB.
|f| < 1/(NT) = R, and simultaneously increasing by ' '
the same amount the jitter power in the interya] >
1/(NT) = R, yields a decrease of (7) and an increase
of (8). As M < N, the sum of (7) and (8) is reduced, so
that the degradation of the SNR is smaller that for case i).

iiiy The smallest degradation of the SNR is obtained when
all jitter power is in the intervalf| > 1/(NT) = R,, 0.5 1
in which case the power (7) of the fluctuation of the
useful component is essentially zero. The degradation ef
the SNR is essentially zero fdv/ = 1 and equal to (10)
for M — N.

Quadrature compone

IV. NUMERICAL RESULTS AND CONCLUSIONS
The degradation (6) was computed assuming a phase jitter

spectrum given by -0.5 1
fu —1f]
o3 JL<IA<S
Sof) =9 Uu— ) " " (12)
0, otherwise. -1

-1 -0.5 0 0.5 1

In-phase component

The spectrum (12) models the jitter spectrum at the output

of a PLL with loop bandwidthfz, which tries to track phase Fig. 3. Scatter diagram fof,, = 0, f4 = 0.02/T, N —1 disturbing users,
noise having a bandwidtliy, with f; > fr. As the PLL is =138

able to track only the phase noise components within its loop

bandwidth [12], the residual jitter spectrum (12) is set to zero We simulated (2) in the absence of additive noise, assuming

for |f| < fr. N = 128 tones with QPSK modulation and Walsh—Hadamard
Fig. 2 shows the degradation (6) as a function of theequences of length 128; fdf = N and the jitter spectrum
ratio (M — 1)/(N — 1) for various values offz/R, and is of (12) with o7 = —21 dB rad. Figs. 3 and 4 show
fu/Rs, assumingo? = —40 dB rad and SNRys— = the scatter diagrams fof, = 0, fg = 0.02/T = 2.56R,
E,/E[|W, o|?] = 25 dB. and fr, = 0.02/T = 2.56R,, fg = 0.04/T = 5.12R,,

 For fg/R, = 0.5, all jitter power is within the interval respectively. AsM = N, the mean-square deviation of the
|f| < R®. The degradation is independent of the numb&amples (2) from the constellation points is the same for both
of users and of the PLL bandwidtfy, (fr < fu). scatter diagrams and equai%. However, the scatter diagrams

e For fr./Rs, = 5, all jitter power is within the interval differ considerably.
|f| > R,. The degradation is independent of the jitter When f;, =0, fz = 2.56R,, the jitter in the interval f| <
bandwidth f;; (f > fr) and assumes its minimumR, gives rise to a random rotation of the useful component
value. (i.e., an angular displacement in the scatter diagram), while

» For fr./R, = 0 and fy /R, > 1, phase jitter is present the jitter in the interval|f| > R, gives rise to multiuser
in both intervals|f| < R, and |f| > R;. When interference (i.e., a circular cloud in the scatter diagram).
fu/Rs increases, the fluctuation of the useful componeiite superposition of these effects yields a scatter diagram
decreases and the multiuser interference increases; thewigt an angular displacement that is larger than the radial
effect is a reduction of the degradation. displacement.
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Fig. 4. fr =0.02/T, fir = 0.04/T, N — 1 disturbing usersN = 128.

When f;, = 2.56R,, fg = 5.12R,, the random rotation of

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]
(9]

[10]

the useful component is negligible, and the multiuser interfe[rﬁ]

ence power equalsi. The scatter diagram only contains the

circular clouds caused by multiuser interference.

Similar scatter diagrams have been observed in the casg9f

OFDM [10].
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