Effect of Interference from FM/TV Signal
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ABSTRACT

The effect of interferece from FM/TV signal on SCPC/QPSK signal is investigated by graphic
analysis and computer simulation using several kinds of transmission parameters such as the fre-
quency offset spacing between FM/TV and SCPC carriers, the power spectral density of the FM/
TV carrier with time rate, etc..

As the baseband type of the FM/TV signal, NTSC color-bar signal is used because it is a kind of
the useful test patterns for the analysis of the interference from FM/TV carrier on the other type
of transmission carrier. Also the effect of the cochannel interference from tone and SCPC/QPSK
interferers as well as FM/TV interferer on SCPC/QPSK carrier is evaluated and compared with
each other.

The results of this evaluation and comparison show tat the frequency efficiency can be improved
by selection of the time rate low and that for the wide peak-to-peak frequency deviation which is
due to the energy dispersal signal of FM/TV carrier, the excess interference falling into the adjac-
ent SCPC carrier would be serious over the occupied band, but the excess interference falling into
cochannel SCPC carrier would become less.
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. INTRODUCTION

Many of INTELSAT systems employ four-fold
frequency reuse with adopting the cross-polarization
and spot-beam techniques. This frequency reuse
may produces an RF interference, 1.e., cochannel
interference and adjacent channel interference,
In satellite communication, FM television signal
1s a strong source of interference because of the
high-density spectral spikes in its power spec-
trum. Especially this interference is worst when
FM/TV carrier shares a given channel with a
narrowband carrier such as SPADE or SCPC.

Up to now most of the studies'!” %' have been
concerned with certain aspects of interference
from an FM television signal on an SCPC channel
Le., the relationship among the bit error rate
(BER) of the SCPC or the 1/2 FEC encoded SCPC
channels and the isolation between the wanted
and interfering carriers, the line-rate energy dis-
persal waveforms over the conventional use of
frame rate triangular waveforms, the influence of
picture content on the interference, etc.. However
most of these studies have been performed by
computer simulations or experiments. And the
comparisons on the effect of interference from
FM/TV carrier and tone or other digital carrier
on SCPC/QPSK carrier has not been done yet,

In investigation of the effect of interference
from FM/TV signal on the SCPC/QPSK signal,
C/1 values according to the frequency offsets be-
tween two signals have been calculated by use of

a practical model of FM/TYV signal's power spec

trum measured in INTELSAT and a CCIR deter-
mination criterion, As the basebnd type of the
FM/TV signal, NTSC color-bar signal is used be-
cause 1t 1s a kind of the useful test patterns for the
analysis of the interference from FM/TV carrier
on the other type of transmission carrier, Also
the effect of the cochannel interference from
tone and SCPC/QPSK as well as FM/TV on
SCPC/QPSK carrier is evaluated and compared
with each other,

Il. GRAPHIC ANALYSIS

1. Spectra of FM/TV

The average spectral density of FM/TV carrier
with the time rate measured in INTELSAT is
shown in Fig.1(a) and modeled characteristic of
that above 80% of time rate in Fig.1(b).

INTELSAT monitoring has indicated that the
average spectral density of FM/TV carrier not
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Fig. 1. Measured in INTELSAT and modeled average
spectral density of FM/TV carrier with the time
rate,

exceeded for 99% of time rate was found to be
—62 dBc/Hz for frequencies within +3 MHz
from center frequency.

2. Interference Analysis

External interfering radio frequency energy(in
terference) 1s accommodated by apportining it to
the part of total pernussible pre-modulation noise,
The dB-difference between these carrier to noise
ratio’s has the nature of an interference accom
modation margin M,

) .Hem;) ) vanml
AL R 10 log N

M=10l = 2
) o8 C/Nmm; C/",N\xx1<xv:.di+‘

it
()

where, Y (1) denotes all external interference
contributions that may have to be accommodated
within the margin M.

CCIR Rec. 523 (digital) and 466 (FDM/FM)
stipulate that a specific percentage of the total
pre-modulation noise 1s to be allocated to the
total aggregate of all internetwork interference
contributions Y (1). If the ratio associated with
the percentage allocated to interference is called
p, then,

_x0) s o)
P Ntotal Nm(evrnal + S(l)
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which, inserted in equation (1), yields,

M~ —10log (1-p) dB (3)

For the pre modulation noise percentage, one

obtains the margin M.

(%) == 10 15 20 2
M{dB) = 0.46 0.71 0.97 1.

jo}

[
3

In a frequency reuse system, the ratio of total
interfering power to that for a single entry as
given 1in CCIR Rec. 523 s 3.33 which has been
rounded to 3.5. It will be stipulated that one in
terfering carrier will be modulated by artificial
energy dispersal ; all the other interfering carriers
will be assumed to behave like sources of thermal
noise. The stipulation 1$ that one interfering carrier
(1.e., non-noise like mterferer) may be any one of
the assumed 3.5 equivalent single entries : all the
other mnterfering carriers(i.e., noise-hke interferer)
may be the assumed 2.5 equivalent single entries,

One method to analyze on the effects of single
entry and noise-like aggregate entries, 1s recorded

in document 1/287 E'Y, and is given by

(C/1). — C/Ny— 10 log (107 X/10— 10~ M)
+4+10logliy /i) +10logb dB  (4)

C/Tnt = —10 log| 10 WM/10¢] — 1 Sw/10) ]

)

o

+4+10log(i, /i) +10logb dB (¢

where 10 log (i)' /i") is the power spectral density
of a single noise-like interferer relative to its total
carrier power (in dBc/Hz), averaged over the
wanted signal’s occupied bandwdth b.

The determination of the common solution of
equations (4) and (5) is performed by means of a

graphic evaluation, as indicated in Fig.2. A hori-
zontal line is drawn intersecting (C/1)ange, C/In.
and the C/lys curves, such that the total degra-
dation (or margin) equals to 0.46 dB, 0.71 dB, 0.
47 dB and 1.25 dB, respectively, corresponding to

the values of p equal to 10%, 15%. 20% and 25%.
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Fig. 2. C/1 vs. degradation of C/N ratio.

3. Analysis Results

The effect of a single noise-like interferer on
SCPC/QPSK carrier has been calculated by utili-
zation of an approximate average spectral density
of FM/TV carrier (as shown in Fig.1(b) and a
graphic method (as shown in Fig.2). The numerical
results for 0.46 dB which is rounded to 0.5 dB(p
=10%) and 0.97 dB which is rounded to 1.0 dB
(p=20%) of C/N degradation margin are shown
in Fig.3(a) and (b), respectively.
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Fig. 3. C/I values vs. the frequency offset and the time
rate.

IIl. SIMULATION

1. Block Diagram

The simulations are performed for the analysis
on the effect of interference from a color-bar TV
signal on a 2 Mb/s SCPC/QPSK channel. A sche-
matic block diagram of the simulation 1s given in
Fig.4. A routine generating two consecutive NTSC
lines produces an array of 16,384 samples for the
128 us observation window and it is connected to
a frequency modulation routine after having been
pre-ernphasized according to a filter given in CCIR
Rec. 405-1. The center frequency of TV signal
i1s then shifted by the wanted frequency offset
and filtered by the QPSK receive filter. The current
coditional probabilities of error relative to the
values of the interferer are computed for each
sample(i.e., 16,384 samples) and averaged. This
approach is the same as that consisting of a QPSK
signal generation followed by an ideal channel
filtering with interference addition between transmit
and receive sections. The advantage lies in
averaging the probabilities of bit error over all
the possible data stream delays (relative to the
TV line start time), thus improving the stability

of the results within minimum computing time.
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Fig. 4. Block diagram of the simulation process,

2. Simulation of the NTSC Transmission Format

In simulation, a fixed sampling rate of 4,006
times the horizontal line scan rate is used. Exactly
two scan lines are simulated, giving a data block
size of 8,192 points. The NTSC scan line has a
duration of Ty ==286/4.5 x 10"+~ 63.535 ps for a
horizontal line scan rate of 15.7314 kHz. Each scan
line in the simulation is presented by 4,096 dis
crete samples for a sampling frequency of { = A4,
096/ Ty = 64.447 x 10" samples/s. All frequencies
in the simulation are scaled, and the 61 MHz
<~ 1pling rate is high enough to accurately rep
resent the output signal of M modulation that
occuples a channel bandwidth of approximately
24 MHz. The extension of this model 1o address
adjacent channel interference effects requires a
doubling of . to 128 MHz and a doubling of the
block size to 16,384 samples'",

The generation of the simulated time compressed
NTSC color bar pattern 1s shown n Fig.5(a).
With 1deal NTSC conversion, the simulation can
be dealt with only the compressed NTSC wavetorm
that is low-pass filtered and applied to the M
modulator. as shown n Fig.5(b). The simulation
is dealt with a highly oversampled version of the
voltage waveform V (t), as shown in g 5(¢).
Table 1 shows the apportionment of samples 1n
the simulation to the time intervals in the various
segments of the tme-compressed NTSC scan

line,
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Fig. 5. Method of simulating NTSC transmission of a

color har pattern,

Table 1. Segments of scan line out of NTSC converter.

R Duration [ Integer number of
Segment
(ps) samples
Front porch 1.5 : Y6
Sync, pulse ! 1.7 . 304
Back porch | 535 ’ 349
i |
Color bars ! 53.0 3347
Total 63.55 4086
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3. Pre-emphasis
A pre-emphasis characteristic given in CCIR
Rec. 405-1 is defined as'®

Relative deviation (dB)
=101log [(1+zfH /(1 +yf)]-x (6)

where x is the attenuation (dB) at a low fre-
quency (<€0.01 MHz), y and z are constants which
determine the shape of the pre-emphasis charac-
teristic, and f is the frequency{(MHz),

The preferred values of y and z for the 525,
625-, and 819-line systems are shown in Table 2.
The shapes of the characteristics are shown in
Fig.6. The NTSC color-bar pattern pre-emphasized
by the characteristic of A is shwn in Fig.7.

Table 2. Values of coefficients of pre-emphasis charac

teristics.

Numberof lines 525 625 819
 x T w0 10 70
oy 1306 04083 | 0.1021

z COmss 1021 | 2552
Cross-over freq. (MHz) | 0.7616 1512 | 1402
fiﬂ:;lcol;‘i f;}&";) 2RO 22 | 35T
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Fig. 6. Pre-emphasis characteristic for television on
525-, 625, and 819-line systems,
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Fig. 7. NTSC color-bar pattern after pre-emphasis.

4. FM Transmitter
The FM transmitter subroutine accepts the in-
put modulating waveform V' (kA) and generates
a simulated frequency modulated signal St(ka),
as follows'"

k
Sr(ka) =explj2nf ¥ W ma)t

where B(=AF /1) is peak frequency deviation div-
ided by the sampling frequency, f. and V' (ma) is
the test pattern of V.(ma) after filtering, pre-empha-
sis and amplitude normalization respectively.
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Fig. 8. Simulated power spectrum density of color bar

and FM modulated signals.

The simulation is done to obtain a series of power
spectrum density for NTSC transmission for various
values of peak frequency deviation AF,,. These results
are shown in Fig8. Fig8(a) shows the baseband
spectrum for color-bar modulation for NTSC. In Fig.
8(M) and (c), spectra at the output of the simulated
FM transmitter are shown for two values of Al
As a reference, for the 24 MHz and 36 MHz satellite

1748

channel bandwidth, Carson's rule deviation are 7.8

MHz and 17 MHz, respectively.

5. Simulation Results

The simulation is based on an initial C/N value
which 1s corresponded to @ BER of 1 in 10° in the
absence of interference. The performance of 2.048
Mb/s QPSK modem 1s simulated and compared to
the error performance of QPSK signal evaluated

theoretically in Fig. 9.

o? Theory
LTI Simulation
"y N
n. 0 U\
50" N
= 3
b 0
«— U
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ZoYy
a5 3
Q a
DD”
e ‘
a
Uty \3
.‘(rvvlrlrv[YllYYrleIvrvllvrrv
5.00 10.00 15.00 20.00
CNR (dB)

Fig. 9. QPSK modem performance for 2.048 Mb/s.

From simulation results, we can see that the C/
N required for BER of 1 in 10" 15 about 14.74 dB.
The goal of simulation is to determine the values
of C/1 corresponding to the degradation in C/N of
0.5 dB and 1.0 dB degradation points, When &K,
is 7.8 MHz and 17 MHz each necessary C/l and
FM/TV power which falls within a Nyquist filter of
2.048 MHz bandwidth are given in Table 3.

Using the results in Table 3, the effect of inter-
ference of color-bar signal according to &Kk 1s
shown n Fig. 10.

In Fig.11, the modeled spectra of FM/TV signal
measured in INTELSAT are compared to those of
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Table 3. Necessary C/I values to limit degradation in C/N to 0.5 dB and 1.0 dB.

Freduency ‘ Py/Pn (dB) S Necessary C/1(dB) ]
offset BT 0.5 dB C/N Deg. ~ 1.0dB C/N Deg.
(MHz) AR, ~7.8MHz | 17MHz 78MHz | 17MHz 7.8MHz 17MHz
7 —025 ] -19 45
6 -17.1 47 L 22
5 -20.2 —12.4 o2 82 2w 56
4 ~15.6 vm.s R g 6.3
3 C—169 -7.8 25 13.2 10.5
2 w7 | -ez 1o 14 105
BT 66 16.4 132 102 |
0 -0 54 179 140 110
S e C I S X TS R U R X 127
-2 T -5.3 09 s 1.7
-3 ~155 -80 | 39 130 w03
-4 -16.9 —12.2 25 8.1 5.5
-5 - ”~'1s:1 ) 57 ) L 0s
6 22 ) ~2.0 —~4.6
-7 -225 22 ~5.2
simulated FM/TV color-bar signal in order to dis- iN -3000
cuss the analysis and the simulation results. Also, i‘:j ] 99.9%
the comparison of the necessary C/I values be- z —5000.] /,/31‘095;
tween evaluated and simulated ones for M=1.0 E — [ -
dB(i.e., C/N degradation is 1.0 dB) is shown in E 1 < ]
Fig.12. Bt IR ‘
) I]I Simulction{ AF w=17MHz | 4
' |
T Thee o soo 160

(MHz)

Fig. 11. Comparison of spectra between modeled FM/

TV and simulated color-bar signals.
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Fig. 10. Necessary C/1 values vs, AF.

Fig. 12. Comparison of graphic analysis and simulation
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V. COMPARISON OF THE EFFECTS OF FM/TV,
TONE AND SCPC/QPSK INTERFERERS

In a frequency reuse communication system,
cochannel interference (CCI) is one of the major
sources of the performance degradation'''. For
discusson on the effect of CCl on SCPC/QPSK
carrier, FM/TV, tone and SCPC/QPSK carriers
are introduced as interferers. Previously, much
has been studied on the effect of tone nterfe
rence on the QPSK signal™, and the hit error

G

probability for QPSK signal is given as'",

Pe,gpgr) =erfcl p sin(n/4)i+2/'n expi—p sin‘{n/4);

T M WP S o g
where, H,(x) : nth-order Hermite polynomal,

p ‘the carrier-to-noise power ratio(CNR),

x :the carrier-to interference power ratio(CIR),

In this paper, the effects of FM/TV for &K, 7.5

MHz and 17 MHz, SCPC/QPSK cochannel interfe
rence on LPC/QPSK carrier has been investigated
by computer simulation methods given in Ref (7)
when the center frequency of an interfering channel

10"
1077
. IR=10d8

10
i
a

107"
o
%107
E L]
1074
2 i
Pe)
S107
0
a xxxx* SCPC/QPSK

107 Tone

00000 FM/TV(AF =7 8MHz)
107"
0% T T Pt
5.00 10.00 15.00 20.0
CNR  (dB)
(a)AFy = 7.8 MHz
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100000 FM/TV(AF =1 7TMHzZ) .\
107 s “ l
I
10"°1.wr..”.,.m......,.,.,,,..(L
500 10.00 15.00 20.00
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Fig. 13. Comparison of the effects of FM/TV, tone and
SCPC/QPSK interferers on SCPC/QPSK car-

rer,

is introduced to the carrier frequency of the main
channel, and compared to that of tone interference

as shown in Fig 13(a) and (b).

\'. NUMERICAL RESULTS

Fig 3(a) and {(b) show the C/I values according
to frequency offset for M -=0.5 dB and 1.0 dB of
C/N degradation margin introduced by the graphic
analvsis method, 1t is apparent from Fig.3(a) (1.
e, M —0.5dB) that if C/I criterion in the case of
the interference from FM/TV on SCPC/QPSK
carrier 1s 1) dB, the frequency offsets are requried
to be about + 4MHz, + 3.5MHz and = 2MHz,
respectively, of the time rates of FM/TV spec
trum equal to 99.9%, 999, and 95%, Also from
Fig.3(b) (e, M=1.0 dB), the frequency offsets are
required to be about * 3.5MHz and + 2MHz, re-
spectively, when time rates equal to 99.9% and
992,

IYig. 10 shows the C/I values that give degra-
dations of 0.5 dB and 1.0 dB in terms of C/N
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value required for BER == 10" in each case of &
Ko =7.8 MHz and &k, =17 MHz, respectively,
by simulating the effect of NTSC color-bar FM/
TV interferer on SCPC/QPSK carrier. In Fig. 10,
it is found that for AF,x=7.8 MHz, when the
frequency offset is OMHz, the C/I values have
maximum values of 17.9 dB and 14.4 dB, respect-
ively, with C/N degradations of 0.5 dB and 1.0
dB, and the effect of interference in these points
1s worst, And if the frequency offsets are greater
than 4+3 MHz or smaller than —3 MHz, the effect
of interference is reduced remarkably However,
for AaF,x=17 MHz, when the frequency offset is
—1 MHz, the C/I values have maximum values
of 15.6 dB and 12.7 dB, respectively, with the C/
N degradations of 0.5 dB and 1.0 dB. The reason
is that the peak of color-bar FM/TV signal spec-
trum appears at the frequency offset of —1 MHz
as shown in Fig.8(c). In this case, if the frequency
offsets are greater than +7 MHz or smaller than
-6 MHz, the effect of interference becomes lesser.
In other words, the effect of color-bar FM/TV
interferer on SCPC/QPSK carrier occurres over a
wider range of the frequency offset according to
the increase of peak frequency deviation, AF.

Fig.12 shows the C/I values versus frequency
offset for M = 1.0 dB (i.e., C/N degradation equals
to 1.0 dB) in order to compare the results of
graphic analysis with those of simulation on the
effects from FM/TV interference into SCPC/
QPSK carrier. From Fig. 12, we note that in the
case of graphic analysis for time rate of FM/TV
spectra greater than 95%, the C/I values are
higher than those of simulation. On the other,
compared to the simulation result, the C/I values
obtained by graphic analysis for 80% of time rate
are lower in frequency offset range from about — 5
MHz to — 1 MHz and from about 1 MHz to 6 MHz.
The reason is that in these points, the modeled
components of spectrum are lower than the si-
mulated those as shown in Fig.11.

Fig.13 (a) and (b) show the BER performance
of SCPC/QPSK carrier due to the effects from
FM/TV cochannel interference of AF,x=7.8

MHz and AF,=17 MHz, respectively, in com-
parison with the effects from tone and SCPC/
QPSK interferers. In Fig.13 (a) (i.e., AFx=7.8
MHz), it is found that FM/TV interference is
more serious than tone interference, but less than
SCPC/QPSK interference. As an example, when
CIR 15 15 dB, CNR’s need for BER=10"% are 16 dB,
16.5 dB and 17.5 dB, respectively, in each case of
FM/TV, tone and SCPC/QPSK interferer, How-
ever, from Fig.13 (b) (i.e., &aF,x=17 MHz), it is
found that the interference from FM/TV interferer
is less serious than tone and SCPC/QPSK
interferers when CIR are 10 dB and 15 dB, but
more serious than tone interferer when CIR 1s 30
dB. As an example, in the FM/TV interference
case, the CNR needed to obtain BER of 107% is
15.5 dB. Also, from Fig.13 (a) and (b), we know
that when CIR is 10 dB, FM/TV interference is
more serious than tone interference in Fig 13 (a),
but less serious in Fig.13(b). The reason is that
as described above in Fig.10, when he frequency
offset is 0 MHz (i.e., cochanne] interterence ef-
fect), C/1 value for &F,x =7.8MHz is larger than
that for AF.. =7 MHz, and that power spectrum
density is cocentrated at 0 MHz of frequency,
but —1 MHz of frequency as shown in Fig 8 (b)

and (¢}, respectively.

VI. CONCLUSIONS

In this paper, the trade-off relationship between
frequency offsets and time rates of FM/TV spec-
trum based on the measurement in INTELSAT is
found. For a fixed C/I criterion, if the time rate
is chosen to be smaller, the frequency offset be-
comes lower, i.e., the frequency efficiency im-
proves, For verification of the graphic analysis,
computer simulations on the effects of inter-
ference from NTSC color-bar FM/TV carrier on
SCPC/QPSK carrier have been carried out and
comparison with those obtained in graphic analy-
sis is done, As the results, the C/I determination
technique based on power spectrum analysis 1S
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confirmed to be valid and the frequency ef
ficiency can be improved by selecting the time
rate low. Also the effect of interference from
tone, SCPC/QPSK and FM/TV carriers on
SCPC/QPSK carrier has been evaluated respect
ively and compared each other. It is known that
for the wide peak-to-peak deviation which is due
to the energy dispersal signal of FM/TV carrier,
the excess interference falling into the adjacent
SCPC carriers would be serious over the occupied
band, but the excess interference falling into
cochannel SCPC carriers would become less.
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