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ABSTRACT

Phase noise of oscillator gives the performance degra-
dation significantly when a high carrier frequency and
low transmission rate are used. The BER(Bit Error
Rates) degradation of QPSK(Quadrature Phase Shift
Keying) transmission is analyzed with the oscillator
phase noise level specified in downstream physical in-
terface of LMDS(Local Multipoint Distribution Ser-
vices) which is described in DAVIC(Digital Audio Vi-
sual Council). The model used for the phase noise is
a power-law model. We also investigated the effects of
the various transmission rates on system performance.
For the transmission rate below 0.5 Mbps, the BER
performance is severely degraded and we verified that
the transmission rate, 20 Mbps, is adequate for the
downstream of LMDS systems.

1. INTRODUCTION

The phase noise of oscillator is one of the main fac-
tors that degrades the system performance in the com-
munication systems which need low cost and low bit
rates. In DAVIC specifications, since the downstream
channel has low bit rate link, the precise oscillator is
needed[1]. A perfect oscillator will operate at one dis-
crete frequency but any corrupting noise will spread
this frequency, resulting in high power levels at near
frequencies. As a result, the BER of system increases.

Typically, the stability of oscillator can be analyzed
in both frequency and time domain. Also, the analy-
sis result of both domain can be converted[2]. In the
time domain, the variance of frequency instability is
obtained using the real sample of frequency output.
And then, time average concept is used to get the vari-
ance. There are several kinds of variances since the
early 1960’s and those gives different relationships be-
tween the variances and the spectral densities. To de-
cide the number of samples for a specified duration,
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David Allan did a pioneering work that is so called
Allan variance[3]. In the frequency domain, the per-
formance analysis starts with the power spectral den-
sity (psd) of frequency instability. Since the psd of
phase deviation is same with that of squared version of
frequency deviation, the oscillator instability is main
source of the performance loss in high frequency band.

In the past researches, only the white phase noise
term is considered[4] and when more than one phase
noises are used, the satellite broadcasting system is
used[5]. Corvaja analyzed the performance in LMDS
systems but he described the performance in concept
of SNR penalty which is additionally needed to achieve
certain required BER[6]. In this paper we mainly con-
sider the BER as a function of SNR since the BER vs.
SNR curve gives an important information to commu-
nication system designer.

The paper is organized as follows. In Section 2,
we present the phase noise model described in DAVIC
standards, and in Section 3, we show the BER Perfor-
mance can be obtained with the oscillator’s phase noise.
Next, in Section 4, we analyze the degraded BER per-
formance curves due to the phase noise. Finally, we
conclude this paper.

2. SYSTEM MODEL

2.1. Downstream LMDS

DAVIC specified the physical layer interface over a
radio frequency (above 10 GHz) of LMDS system[1].
Specially, we consider the specifications of the down-
stream LMDS. In the radio frequency unit, maximum
phase noise levels are shown in Table 1. The phase
noise level is expressed in dBc/Hz and that means the
phase noise levels are evaluated in dB scale after nor-
malized by a power of carrier. Even though information
bit rate, 1/T, depends on the code rates of channel
coding we used about 20 Mbps. Also 10 Ghz carrier
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Table 1: Maximum phase noise levels in DAVIC

[ frequency offset | phase noise level
[kHz] [dBc/Hz]
1 -51 B
10 -81
50 -99
100 -99
500 -109
1000 -115
2000 -121

frequency is used for analysis.

2.2. Phase noise model

Power-law spectral densities are often used to model
the phase deviation of oscillators. In practice, the power
spectral density of the phase deviation, ¢, can be rep-
resented by the sum of five independent noise processes
as like Eq.(1).

Az As
S¢(f):{(_]f—3+?§-+A0 for O0<f<fy )

for 2> fn
where
A, = constant
fn = high-frequency cut-off of a low pass filter

This model is described by 3 contributions: frequency
flicker noise (f* part), white frequency noise( f2 part)
and white phase noise(f° part) [2]. In Fig.1, the dashed
line represents the phase noise level specified in the
DAVIC standards and the solid line shows approxi-
mated power-law model for given DAVIC phase noise
levels. Fig.1 shows the spectral shape of the phase noise
level required by the DAVIC standard. The solid lines
with slope of -30, -20 and 0 dB/decade represent Az, A,
and Ap. The phase noise spectrum is separated by
three parts at 10 kHz and 1000 kHz.

3. PERFORMANCE ANALYSIS METHQOD

3.1. Derivation of phase noise variance

The phase noise deviation, ¢, over a period T is
expressed by

0} =05+ 05+ 0} (2)

where three terms represent three parts of the phase

noise spectrum respectively. The distribution of phase

increment is a zero-mean Gaussian with variance ¢?

when there is no PLL (Phase Locked Loop). Three
terms can be evaluated as:

oz = (2m)* A3 fiT (1.92 +1In j%,) (3)
o3 = (2m)* A f3T (4)
02 = 249B[1 — sinc(BT)) (5)

where f; is lower cutoff frequency, B is a bandwidth of

M and we set f;=100kHz and

f>=1000kHz. Fig.2 shows the phase noise variance as
a function of data rate. It can be observed that the
phase noise variance increase significantly for bit rates
below 0.5 Mbps.

system, sinc(z) =

3.2. BER calculation with noisy phase

When there is phase noise, the error probability can
be obtained as

Pp = / " Pu(6)fe(d)d (6)

where Pg(¢) is symbol error probability with phase
deviation ¢ and fe(¢) is Gaussian probability density
function(pdf) of ¢ with zero mean and variance aﬁ as
specified in Eq.(2). For QPSK data transmission,

ree [ oo
- (7)
+ (\/%(cos(ﬁ —sin ¢)>] fo(o)dé

where E; is bit energy and Ny/2 is uniform two-sided
power spectral density of noise. For simple calculation
of BER performance, we assume that the Gray coding
is used and signal-to-noise ratio is high. Then the BER
is approximately a half of symbol error probability.

3.3. Tikhonov pdf

In this Section we consider the partially coherent
communications which has the statistical information
about phase deviation, the structure of the optimal re-
ceiver depends on the statistics of the phase deviation.
When a PLL is used to track the incoming carrier
phase, the phase deviation is given by the Tikhonov
density and can be expressed as{7]

ezp(pg cos )
fo(d) = { Tonlo(py) ¢} <=

0, otherwise

(8)
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where pg = 1/0} denotes the carrier loop signal-to-
noise ratio and is given by
P,
A (4
= 9
Py NoBy, ( )

and Iy(-) is the zero-order, modified Bessel function. In
Eq.(9), P. denotes the power of the unmodulated car-
rier (which is unrelated to the power of the information
bearing signal) and By, is the one-sided bandwidth (in
Hz) of the PLL. Then, using Eq.(8) in Eq.(6), BER
performance can be evaluated as a function of Ej /Ny
for various values of p.

4. NUMERICAL RESULT

Fig.3 shows the BER for the different phase noise
levels. The BER of conventional QPSK receiver is
about 4 x 107° at E, /Ny = 9dB. With DAVIC phase
noise level, the BER is 7 x 10=° at E, /Ny = 9dB. To
achieve BER= 107?, the coherent case needs Ej /Ny =
9.6dB and the case with DAVIC phase noise it needs
Ey /Ny = 9.8dB. Thus with the phase noise level spec-
ified in the DAVIC, there is 0.2 dB loss at BER=10-5
comparing with coherent transmission. Another two
curves are also plotted. These are obtained by increas-
ing total noise level 10 or 20 dBc/Hz in Table 1. At
Ey/Ny = 9dB, the BER is 2 x 10~% for 10 dB lev-
eled up and 3 x 102 for 20 dB leveled up. We can
see as phase noise level increases, the BER is degraded
severely. Clearly, the phase noise level has deep impact
on the BER. Fig.4 shows the BER for a number of
data transmission rate. At E,/Ny = 9dB, as the trans-
mission rate varies 20, 0.5, 0.4, 0.3, 0.2 and 0.1 Mpbs
the corresponding BER values are about 7 x 1073, 3 x
1074,5 x 107%,107%,8 x 1073 and 8 x 10~2. As we
predicted in Fig.2, the BER performance is degraded
for the transmission rate below 0.5 Mpbs. This is due
to the large increment of phase noise variance in that
transmission rate.

In Fig.5, we observe the phenomenon of BER per-
formance bound in detail. For low data transmission
rate (below 0.2 Mbps), as SNR is increased the BER
performance is no more improved.

The BER result is plotted in Fig.6 illustrating the
noisy reference effect on system performance. As Ej; /N,
increases, the BER is no more improved for low py.
When we compare Fig.5 and Fig.6, we can find simi-
larity - the bound phenomenon of BER curve.

When transmission rates are 0.4, 0.2 and 0.1 Mbps
with the oscillator phase noise, the BER are roughly
similar with pg = 11, 8, 4 dB in the parially coherent
receiver, respectively. Even though both system envi-
ronment are not same, the purpose to compare is to

give a concrete concept how much does the oscillator
phase noise degrade the BER.

5. CONCLUSIONS

This paper described the BER performance for the
QPSK transmission of downstream LMDS with the os-
cillator phase noise specified in DAVIC. From the fre-
quency domain analysis of phase noise, we obtained
the variance of phase deviation using the power law
model. Similar with the method of analysis for con-
ventional QPSK transmission, we integrated the con-
ditional probability density function with noisy phase.
To obtain BER=10"°, coherent QPSK transmission
needed E, /Ny = 9.6 dB and LMDS system needed
E, /Ny = 9.8 dB. As the phase noise level is increased,
the BER performance is severely degraded. Also, we
considered the BER performance as a function of trans-
mission rate. The system had poor BER performance
for the transmission rate below 0.5 Mbps. We verified
that the transmission rate, about 20 Mbps, was ade-
quate to mitigate the effect of oscillator phase noise.
Also, we compared with the BER performance of par-
tially coherent receiver to get the realistic concept of
oscillator phase noise. Finally, we knew that the rea-
son why 20 Mbps transmission rate was recommended
in downstream of LMDS in DAVIC.
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Figure 1: The spectral shape of phase noise specified
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Figure 2: Phase noise variance vs. symbol rate
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Figure 3: BER performance with varying phase noise
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Figure 4: BER performance with varying symbol rate
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Figure 5: BER performance with varying symbol rate
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Figure 6: BER performance QPSK transmission with



