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The Effect of Carrier Phase Jitter on the Performance of
Orthogonal Frequency-Division Multiple-Access Systems
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Abstract—We investigate the sensitivity to carrier phase jitter (kN+£)T/N | ZkT)
of an orthogonal frequency-division multiple-access (OFDMA)  rt) —» p(-) | J‘N ’ Decision |—4,
system. When all OFDMA carriers have the same power level and =0
jitter spectrum, the degradation caused by the jitter is shown to RN

be equal to the degradation of an OFDM system. Also, traditional
FDMA is found to be slightly more robust than OFDMA.

Index Terms—Carrier phase jitter, multiple-access systems,

Fig. 1. Conceptual block diagram of receiver for OFDMA.

orthogonal frequency-division multiplexing. respect to the intervel’/N
Foo T 1, n=20
. SYSTEM DESCRIPTION /_Oo p(t)p <t+ "N ) dt = {0, nt0. @

RTHOGONAL frequency-division multiple accessE, ,, denotes the energy per symbol for thih user anch(¢)
O(OFDMA) is closely related to orthogonal frequencyrepresents the additive noise. In a CATV environment this
division multiplexing (OFDM), which is well documentedadditive noise consists of ingress noise [5], which is char-
in the literature (e.g., [1]-[3]). In the case of OFDM, theacterized by a strongly frequency-dependent power spectral
received signal can be viewed as an OFDM signal, bdensity (PSD). The process,(t) denotes the phase jitter
with each carrier generated by a different user instead fobm the nth user and is modeled as a stationary zero-mean
all carriers generated by the same user. In [4] OFDMA hagocess whose bandwidth is much smaller th¥f7". The
been proposed as an access technique for the return chapheke jitter processes related to different users are uncorrelated
in a community antenna television system (CATV) networfpr OFDMA. Fig. 1 shows the conceptual block diagram of
i.e., for the communication from the users to the head-endthe receiver. In order to detect the symlbgl ,,, the receiver

In an OFDMA scenario the receiving station (e.g., the heafbeds to the decision device the quantity(k7T), which is
end in a CATV network) transmits network synchronizatioobtained by evaluating at the frequeneyT the discrete
signals to the different users, from which these derive thurier transform of the matched filter output samples taken at
appropriate carrier frequency, symbol rate, and time alignmehe instant§kN+¢)7T /N with £ =0, - - -, N —1. The matched
needed for the orthogonality of the modulated carriers. Fiiiter has impulse respongg —t).
instance, each user generates its sinusoidal carrier from the
received SynChronization Signals by means of a phase'IOCI(Ed II. SENSITIVITY TO CARRIER PHASE JTTER
loop (PLL). However, each of these sinusoidal carriers is
affected by phase jitter.

The complex envelope(t) of the received OFDMA signal
is given by [4]

In this section we compute the degradation (in decibels) of
the signal-to-noise ratio (SNR) at the input of the decision
device when carrier phase jitter is present.

Let us concentrate on the detection of the symio),. The

N-1 - variation of the phase jitter over the impulse response duration

= Z Z am,n\/ Z <J27r—> of the matched filter (which is in the order @f/N) can be

m n=0 = neglected, because of the small bandwidth of the jitter. The

-p|:t _ <mN+£> } explidn(®)] +n(t) (1) input to the decision device is given by

Zn(o) =V Es,n aO,nE[In, 0] + V4 Es,n CLO,n[-[n,O - E(In,O)]
1

wherea,, , denotes thenth data symbol (with unit energy)

transmitted by thexth user on the carrier with frequeney7’, + Z V Es, m@o, mIm, n—m + Wn(0) 3)
N is the number of orthogonal carrieds,T” is the symbol rate m=0

per carrier, andV/T is the total symbol rate. Data symbols
generated by different users are uncorrelated. The mfise

N-1
is a real-valued unit energy square-root Nyquist pulse with L. .= 1 Z exp {jw <£_T>} exp< jQW%> (4)
7 £=0 N
N—

where

=|
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The quantity I,  is the discrete Fourier transform of wl L I
{exp[jom({T/N)||¢ = 0,---, N — 1}, evaluated at the | B { Decision |— &,
frequencyk/T. Note that forg,,(¢) = 0 we obtaini,,, o =1 k1

and Im’k =0 for k # 0. Fig. 2. Conceptual block diagram of receiver for FDMA.

The first term of (3) containing the mean value b o

is the useful component, the second term is a zero-meary might be surprising that OFDMA (with uncor-
disturbance caused by the fluctuation bf o with respect |q|5ted phase noise processes having the same PSD
to its mean valueE[l,, o], the third term is the zero-meang royn(jor f7/N)]) and OFDM (where all carriers exhibit
intercarrier interference (ICl), and the fourth term is causggentical phase jitter with PSD5, [exp(j2r fT/N)]) yield the
by the additive noise. As all jitter contributions contain &ame degradation (7) of the SNR. However, as the individual
different data symbol, these contributions are uncorrelateghntributions to the disturbance in (3) are uncorrelated when
For small phase jitter, the approximatierp[j¢,.(¢I'/N)] =  the data symbols are uncorrelated, the degradation of the
1+ jom({T/N) is valid. SNR is not affected by the presence or absence of correlation
In the absence of phase jitter, the SNR at the input gktween the phase jitter processes.
the decision device corresponding to th¢h user equals |n the case of traditional FDMA the modulated carriers
E, /E[[W,(0)]]. In the presence of phase jitter, the SNR igccupy nonoverlapping frequency bands. As far as the de-
reduced. This degradation, expressed in decibels, is given f¢tion of the data symbols from theth user is concerned,
the complex envelope of the received signal is given by

D, =10log{ 1+ mmm,o — E(In.0)] T(t) =V Es n zn: am, np(t — mT) expljon(t)] +n(f) (9)

N where 7(¢) is a real-valued square-root Nyquist pulse with
F—1 . e
n Z E[L _k|2] . () respect to the mterva(T and the other quantities have the
= BlWL(0)2] ™" same meaning as in (1).
m#En Fig. 2 shows the conceptual block diagram of the receiver
) _ for FDMA. In order to detect the symbal;, ,, the receiver
The degradation (6) can be computed when the enefgies  feeds to the decision device the quantity(kT), which is
and the phase jitter spectf&,,, {exp[j2nf(z/N)]} of userm  optained by sampling at the instak’ the output of the
for m = 0,.--, N — 1 and the additive noise spectrum argnatched filter (with impulse respongé—t)) which is driven
known. by r(t).
In the following we consider the degradation (6) under the Following a similar analysis, the resulting degradatiop
assumption that the energy per symbol and the jitter spectryij decibels) of the SNR at the input of the decision device
equal £, and S,[exp(j2n fT/N)], respectively, for allN s given by
users. In this case a similiar analysis as in (6) shows that

Es,m

the degradation reduces to Eyn oo )
D,, =10log {1 + s } 7 no {1 ) Ao m;m //R% o
' ELW (0] - p()p(u — mT)p(v — mT) du dv} (10)
where
N/2T where R, (.) is the autocorrelation function of the phase

O—i = Z/ S, {exp <j27rfz>} df (8) noise (i.e., the inverse Fourier transform of the phase noise
N J-(nyam) N spectrum). When the bandwidth of the phase noise is much

maller thanl/T, the degradation (10) reduces to (7), in

is the jitter variance. Hence, when the signals received by t\aﬁﬁich case OFDMA and traditional EDMA suffer the same
different users have the same energy per symbol and the Seﬁgﬁradation

jitter spectrum, the degradation depends on the jitter variance
but not on the specific shape of the jitter spectrum.

In the case of OFDM the received signal is again given lll. NUMERICAL RESULTS
by (1), but with £, ,, = E; and ¢,(t) = ¢(t) for n = Fig. 3 shows the degradatioP,, from (7) as a function
0, ---, N—1:the power level of all carriers is the same and aif E; ,,/[|W,(0)|?] for different values of the phase jitter

carriers exhibit identical phase jitter as they are generated \atiances? . The degradation (7) holds for both OFDMA
the same oscillator. Following the same reasoning, we obtaind OFDM, provided that all carriers have the same power
that the degradation of the SNR is given by (7). This is ilevel and the same jitter spectrum.

agreement with the result from [6], where the degradationWe now compare the degradations (7) and (10) for OFDMA
for OFDM has been computed assuming an additive whigsd traditional FDMA, respectively. We have assumed that
Gaussian noise (AWGN) channel. p(t) is a square-root cosine rolloff pulse, and the jitter PSD
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Fig. 3. Degradation for OFDMA.
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Fig. 4. Comparison of degradations for OFDMA and FDMA.
is given by with decreasing rolloff. When the jitter bandwidth is much
smaller than the symbol rate, the degradation for FDMA
o2 17 m If| < B converges to the degradation for OFDMA. When the jitter
Se (f) = “r B B )’ (11)  bandwidth is less than the symbol rate, we observe that FDMA
0, |f| > B is only slightly more robust against phase jitter than OFDMA.

with B denoting the jitter bandwidth. Far? = 10~* and

E, ./E[|[W,(0)|*] = 25dB, Fig. 4 shows thendegradations (7

and (10) as a function of the jitter bandwidi, normalized

IV. CONCLUSIONS AND REMARKS
In this letter we have investigated the degradation, caused

to the symbol ratel /7. For OFDMA, the degradation doesby carrier phase jitter, of the SNR at the input of the decision
not depend on the shape of the jitter spectrum. For FDMAgvice for OFDMA, OFDM, and traditional FDMA. Our
the degradation decreases with increasing jitter bandwidth aedults can be summarized as follows.
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