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mm= 1. Introduction

Over the last few years high-definition television
(HDTV) has become the major advance in the
world of telecommunications. HDTV techniques
are already widely used in electronic film and tele-
vision production. Moreover, the penetration of
direct satellite broadcasting and the evolution of
domestic receivers offer new opportunities for
HDTYV services addressed to the home. In Europe,
HD-MAC is the candidate for the first HDTV ser-
vices at 12 GHz, on “narrow RF-band” satellite
channels (27 MHz). In the longer term, when
source and display technologies improve, aservice
able to deliver the picture quality inherent in the
studio standard, with a number of channels per ser-
vice area which is higher than that allocated by the
WARC’77 Plan, will become attractive.

In order to meet these objectives “wide RF-band”
satellite channels are required. The possible allo-
cation of anew frequency band for these future ser-
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covering the frequency range 21.4 to 22 GHz,
possibly on a world-wide basis. Taking into ac-
count the time-scale required for frequency plan-
ning, after the WARC’92, a “full digital solution”
appears as the most appropriate for the implemen-
tation of these future high-quality HDTV systems.

Digital techniques are now recognized as the way
of the future. As a result of the use of digital pro-
cessing and increased display resolution, the tele-
vision and computer industries are progressively
merging and the commercial use of HDTV and
digital technology is rapidly developing. From a
technical point of view, the remarkable progresson
bit-rate compression, digital modulation and
channel coding techniques, based on soft-decision
Viterbi decoding, are such that a progressive con-
version can be expected from analogue to digital
transmission technology on communication satel-
lite circuits used for HDTV programme exchange
and distribution.

HDTYV satellite emission systems in the 20-GHz
range have to be designed in such a manner as to
ensure that they can cope with the adverse propa-
gation characteristics existing throughout this part
of the spectrum, typified by high attenuation due
to rain, low cross-polar discrimination (XPD),
gaseous absorption, etc. The adoption of a digital
solution offers superior performance and signifi-
cant advantages over analogue solutions based on
frequency modulation. In particular, digital tech-
nologies can guarantee:

- high and constant quality;

- ruggedness against noise and interference;

- spectrum efficiency and planning flexibility;
- reduction of the satellite power;

- flexibility of the digital multiplex for different
service configurations;

- efficient and impairment-free encryption and
scrambling for conditional access.

For a digital HDTV satellite emission system, the
overall service quality depends on both the intrin-
sic performance of the picture coding algorithm
and the service availability, determined by the
margin against noise and interference allowed by
RF channel performance. The optimization of the
system then requires a trade-off in the bit-rate al-
location between “source coding” and “channel
coding” to achieve the highest picture quality and
service continuity, while ensuring the best exploi-
tation of the spectrum resources.
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The present article gives the results of an investi-
gation, including computer simulations and labo-
ratory evaluations, into the RF performance of dif-
ferent modulation and channel coding systems,
suitable for W-HDTV BSS in the 20-GHz range.
Source coding is not a key issue in this study and
a hybrid discrete cosine transform (DCT) is as-
sumed as the basic bit-rate reduction method.
Three advanced digital modulation and channel
coding techniques have been considered and their
performance has been compared in terms of power
requirements, protection ratios, channel spacing
and total number of available channels. These dig-
ital techniques are evaluated in the context of a
possible “common frequency allocation” of 600
MHz bandwidth, in the range 21.4 to 22 GHz. This
interesting approach would allow very efficient
use of the spectrum by assigning the whole of the
available bandwidth (on one or both polarizations)
to all service areas.

mmm 2, Wide band HDTV service
requirements

The basic requirements of a W-HDTYV satellite
broadcasting service are focused on the achieve-
ment of high picture quality and service availabil-
ity. A high-definition television system is defined
as “...a system designed to allow viewing at about
three times picture height, such that the quality is
virtually or nearly transparent to the quality of por-
trayal that would have been perceived in the origi-
nal scene...”. The service quality for the W-
HDTYV emission system should therefore preserve
the maximum static definition potentially avail-
able from the studio standard. The maximum dy-
namic resolution may be reduced, but in a less sys-
tematic way, and to a lesser extent, compared to
narrow RF-band systems such as HD-MAC or
MUSE.

The intrinsic picture quality of a digital HDTV
system depends on the performance of the source
coding algorithm and on the transmission bit-rate.
In general, the higher the bit-rate the lower the
probability of perceptible artifacts in the picture
due to the vision coding process. The objective is
to deliver to the home a quality which, subjective-
ly, is virtually transparent to the HDTV studio
quality; this can be achieved by the hybrid DCT al-
gorithm, with motion compensation, at 110-120
Mbit/s for the coding of the vision signal, although
lower bit-rates can still provide adequate picture
quality for most of programme material. With the
HDTV source and display technology currently
available, the picture quality achievable at 70
Mbit/s (including vision, sound, data and error cor-
rection redundancy) is generally very high for a
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large percentage of reproduced material, and it
seems acceptable to most viewers. The results of
recent EBU subjective evaluations [1] and exper-
imental HDTV transmissions carried out by the
RAI on the occasion of “Italia 90” [2] confirm this
impression. In the present study it is therefore as-
sumed that near-studio quality is achievable at a
total bit-rate of 140 Mbit/s, but lower bit-rates
such as 105 and 70 Mbit/s, which are still capable
of providing high-quality HDTV, are also consid-
ered with a view to improving the overall RF sys-
tem performance by allocating part of the bit-rate
to channel coding for error protection, and/or to in-
crease the total number of channels.

The service quality objective for conventional
television systems in the 12 GHz band was set by
the WARC’77 to achieve “good quality” for 99%
of the worst month. The service quality for W-
HDTYV systems is expected to be even more de-
manding: a quality grade in the range from 4.5 to
5 in the CCIR 5-grade scale, referred to in the fol-
lowing as “High Quality” (HQ), is seen as a basic
target to be achieved for at least 99% of the worst
month within the service area. A second factor, of
very considerable importance for operation at 20
to 22 GHz, is the service outage time, or “the per-
centage of time during which a service interruption
occurs as a result, for example, of extreme rain at-
tenuation”. An ideal service continuity target
would be 99.9% of the worst month; this is current-
ly achievable by conventional television systems
at 12 GHz. Interms of time, 1% of a month corre-
sponds to 7 hours and 12 minutes, and 0.1% to 43
minutes. At22 GHz an outage time of 0.1% of the
worst month may not be achievable in regions af-
fected by heavy rain fades such as the parts of Italy
in climatic zone L, (see Section 5), even in the case
of high power on the satellite; accordingly, a ser-
vice availability of 99.6% (2 hours 52 minutes out-
age in the worst month) is proposed as areasonable
target.

Unlike analogue frequency-modulated television
systems, which exhibit a gradual transition to out-
age, digital systems are normally characterized by
a high basic quality which is fairly constant as long
as the error rate remains below a threshold value
which is set by the system design. However, when
this threshold is exceeded the system performance
deteriorates rapidly. Moreover, the effect of errors
on the displayed picture depends on the picture
coding algorithm and on the error-correction tech-
nique (FEC) adopted in the HDTV codec. If, for
example, the codec includes a Reed-Solomon
code RS(255,239) the system failure characteristic
is very steep, with the threshold at a bit-error ratio
(BER)ofabout 2.10-3 at the decoder input. In con-

trast, if the RS(255,239) code is used in the ad-
vanced channel coding schemes described in Sec-
tion 3.3, this threshold behaviour is not a
disadvantage because the carrier-to-noise ratio
(C/N) at which the service outage occurs is so low
(i.e. 3 to 4 dB) that the digital demodulator can
barely recover the carrier and clock synchroniza-
tion. Recent experiments on the performance of
HDTYV codecs based on hybrid DCT [1] shows that
a BER of 1078 to 1010 is required to ensure high
quality (HQ) pictures. A BER of about 10-10 after
correction by the RS(255,239) code can be
achieved with a BER of about 2.10~% at the HDTV
decoder input, assuming statistically independent
erTors.

From the above considerations the W-HDTYV ser-
vice quality can be expressed in terms of BER at
the input of the decoder (before error correction by
the RS code) as follows:

- high-quality pictures
(HQ): BERyq = 2.10"4

- service continuity
(SO): BERgc =2.1073

The following targets are proposed for the
W-HDTYV system design:

- high-quality picture:
99% of worst month

- service continuity:
99.9% of worst month (if possible)
99.6% of worst month (at least).

mmm 3. Modulation and channel
coding

The main transmission requirements of a digital
W-HDTYV system by satellite designed to operate
in the 22 GHz band are:

- ruggedness in the presence of noise: the system
must ensure a sufficiently large C/N margin
even when operating under severe propagation
conditions;

- ruggedness against interference: the system
must be able to operate with low protection ra-
tios for efficient exploitation of the allocated
bandwidth. This can be achieved by assigning
all of the bandwidth to each service area on both
polarizations (frequency re-use);

- high spectral efficiency (bit/(s.Hz)) and low
spectrum-spreading;

- ruggedness against non-linear distortions
(AM/AM; AM/PM) introduced by the satellite
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Figure 2

Influence of the satellite
TWTA output back-off
on the performance of
QPSK, 8-PSK and
16QAM modulations.
(curves for BER = 1075)

Figure 3

Channel coding and
modulation techniques
for W-HDTV.
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very sensitive to non-linearities because of its in-
herent amplitude modulation: the optimum operat-
ing point corresponds to an OBO of 7 dB, with an
Eps/Ngratio of 24 dB. The use of a TWTA lineariz-
er allows operation with an OBO of about 4 dB and
an Epg/Ng ratio of 20.5 dB. QPSK is well-estab-
lished for its ruggedness against noise and interfer-
ence and for the simplicity and low cost of the de-
modulator. However, a high-quality HDTV
service demands a low bit-error ratio and neither
QPSK nor 8-PSK can be used without powerful
error correction: otherwise an excessive satellite
power would be required.

B 3.3. Advanced channel coding
techniques

Modern trends in satellite digital communications
favour the use of “concatenated schemes” for error
correction based on block codes and convolutional
codes, associated with “soft decision” Viterbi de-
coding. This sophisticated decoding algorithm, al-
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Output back-off (OBO)

ready used in various applications, offers large
power gain, and this is a fundamental requirement
for W-HDTYV broadcasting satellites at 22 GHz.

Three advanced modulation and channel coding
systems have been investigated [3, 4] (see Fig. 3):

System Al:

QPSK with rate 1/2 convolutional code (FEC2)
concatenated with a RS(255,239) block code asso-
ciated with the source (FEC1).

System A2:

QPSK with rate 3/4 convolutional code (FEC2)
concatenated with a RS(255,239) block code asso-
ciated with the source (FEC1).

System B:

Trellis-coded (rate 2/3) 8-PSK (Ungerbock mod-
ulation) in combination with a RS(255,239) block
code associated with the source (FECL1).

System B
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All three systems make use of soft-decision Viter-
bi decoding in the receiver.

In systems Al and A2, the function of the inner
code (FEC2) is completely independent of the
modulation and the code redundancy reduces the
spectral efficiency of the system with respect to
uncoded QPSK modulation. The rate 1/2 convolu-
tional code has a constraint length of 7. The rate
3/4 convolutional code is obtained by “punctur-
ing” the rate 1/2 code. In the system B approach,
modulation and coding can be considered as a
unique process (the redundancy is inherent to the
signal-space constellation) and the spectral effi-
ciency is equal to that of uncoded QPSK. The rate
2/3 trellis code has 8 states [5]. In order to achieve
the optimum coding gain, the soft-decision Viterbi
decoders operate on 3-bit symbols for QPSK and
on 4-bit symbols for 8-PSK.

B 34. System optimisation

In the concatenated coding schemes adopted in
systems Al, A2 and B, the errors at the output of
the Viterbi decoders are not statistically indepen-
dent (as is the case in uncoded transmission over
AWGN channels) but are instead grouped in
bursts. The occurrence of error bursts longer than
the error-correction capability of the RS(255,239)
code, e.g. 57 bits, has a destructive effect on the de-
coded HDTV pictures. The performance of the
RS(255,239) code is heavily dependent on the sta-
tistical distribution of burst lengths and this is di-
rectly related to the average bit-error ratio. The
burst-error correcting capability can be improved
by using an interleaving technique; this effectively
“subdivides” the long error bursts into shorter
ones, thus avoiding overloading of the RS code*.

In the interleaving process, the data stream at the output of
the Viterbi decoder is written row-by-row into a matrix
memory (N rows, I columns), and read column-by-
column to feed the RS decoder.

The interleaving depth I must be carefully opti-
mized according to the burst length distribution.
The statistical distributions of error bursts after
Viterbi decoding of convolutional codes, with
rates 1/2 and 3/4, and trellis-coded 8-PSK (rate
2/3) have been evaluated by computer simulations
using the Montecarlo method. Fig. 4 shows, for
the three cases, the burst-length cumulative distri-
bution function (CDF), i.e. the probability of error
bursts shorter than m bits, at various values of
BER.

At BER=1.10"3, 95% of the bursts have the fol-
lowing maximum length:

- system Al: 22 bits
- system A2: 42 bits
- system B: 29 bits.

The rate 1/2 decoder of system Al generates the
shortest error bursts. The puncturing process in
system A2 significantly increases the burst length.
Although most error bursts are within the correc-
tion capability of the RS code, the use of a suitable
interleaving is necessary to avoid performance
degradations.

The VLSI Viterbi decoders currently available on
the market operate at a maximum useful bit-rate of
20-30 Mbit/s. As a result, practical hardware im-
plementations require two or more Viterbi VLSI
chips working in parallel to process the high bit-
rate of the HDTV signal. In this situation the burst
lengths increase, because a burst at the output of
one Viterbi decoder is mixed with bits from the
other Viterbi decoders; the performance of the
concatenated RS code is therefore impaired. To
avoid this degradation an interleaving depth 7 of at
least 4 is required or, alternatively, the concate-
nated decoders (Viterbi and RS), need to be syn-
chronized at byte level.

Modulation/ Interleaving Coding gain at Ep/N, at BER = Relative RF
coding depth BER = 10-8 2.10-4 before RS | channel band-
system ()] (dB) correction width (%)

QPSK + RS - - 8.8 94

System A1 2 4.4 41

4 4.7 47
System A2 2 3.3 5.2

4 3.7 70
System B 2 2.0 6.7

4 2.4 94
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Figure 4

Cumulative
distribution function of
error burst lengths,
after Viterbi decoding.
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Fig. 5 shows the Ep/Nj, ratio as a function of the
BER performance of systems Al, A2 and B,
through the satellite channel and without interfer-
ence. The improvement achieved by increasing
the interleaving depth on the RS code is shown.
For all three systems (Al, A2 and B), with
BER=2.10"%at the input to the HDTV decoder, the
use of interleaving depths of 2 and 4 is sufficient

to achieve a residual BER on the HDTV pictures
of about 10-8 and 1019, respectively. With inter-
leaving I=4 the coding gain is approximately
0.3-0.4 dB higher than with =2 (BER=10-8%).

Table 1 compares the performance of the systems,
obtained by computer simulations including the
satellite channel with a saturated TWTA and Gaus-
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sian noise but without interference; it is assumed
that the bit-rate at the output of the HDTV coder,
including the RS(255,239) code (FEC1), is the
same for all three coding schemes.

The systems are compared in terms of:

- coding gain with interleaving /=2 and 4 at
BER=10"8 with respect to QPSK +
RS(255,239);
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- Ep/N, ratio required for high-quality HDTV
pictures (BER = 2.10~* before RS error correc-
tion);

- relative RF channel bandwidth with respect to
un-coded QPSK.

It may be noted that systems Al and B present
complementary characteristics: the first one gives
the highest coding gain, the second one the highest
spectral efficiency.
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Figure 5

Bit-error ratio as a
function of the Ep/N,
performance of
systems A1, A2 and
B, in a simulated
satellite channel.
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B 4.1. Channel configuration and

interference sources

The three channel coding systems Al, A2 and B
have been compared over a satellite channel, in the
presence of interference, in terms of the basic RF
parameters: C/N ratio required for high-quality
pictures (HQ) and for service continuity (SC), pro-
tection ratios required to safeguard the wanted sig-
nal against interference, channel spacing (Df) and
number of channels (N) that can be accommodated
in 600 MHz.

Three useful bit-rates (Ru) at the HDTV coder out-
put (including video, audio, data and FEC1) have
been considered: 140, 105, and 70 Mbit/s.

aB A

I By )

-10

15 —

-20 -

This permits an investigation of different trade-
offs between intrinsic picture quality (increasing
with Ru), ruggedness against noise and interfer-
ences (increasing with FEC2 redundancy) and
number of HDTV channels which can be allocated
within the 600 MHz bandwidth. In the following
examination each system will be identified by its
modulation and coding family (A1, A2 and B) and
by the value of Ru (e.g. “A2-105" is the rate 3/4
convolutional coded QPSK at Ru=105 Mbit/s).

The channel matrix adopted in this study is shown
in Fig. 6. It is composed of an array of channels of
equal widths, spaced by Dg; every channel is used
on each of the two polarizations [4]. In order to
simplify the analysis, no guard-band has been con-
sidered at the edges of the 600 MHz band to protect
other services.

It is assumed that the entire 600 MHz bandwidth is
assigned to each service area, using either a single
polarization or both polarizations (frequency re-
use); this planning approach is called a “common
frequency plan” [6]. All channels covering a ser-
vice area are transmitted from the same satellite
and have the same power level. In this configura-
tion the interference contributions can be classi-
fied as follows:

Type A: The upper and lower co-polar adjacent
channels (UACI and LACI) from the same satellite
as the wanted signal.

The protection ratio is defined as the ratio between
the power of the wanted carrier and the total power
of the un-modulated interfering carriers. The car-
rier power of each ACI is equal to that of the

0.0

EBU TECHNICAL REVIEW Spring 1992
Cominetti et al.



dBA
3 - System A2
@ -
<
i
T 2
S
)
S T System B
<
Q
1 -
E System A1
0 I I I I I I I I I I I I I >
7 8 9 10 11 12 13 14 15 16 17 18 19 20 dB
C/i (Bx)

wanted carrier. The ACI protection ratio is there-
fore: PR(LACI)=PR(UACI)=0 dB.

Type B: The sum of the signals serving other ser-
vice areas (and the same service area on the oppo-
site polarization, in the case of frequency re-use).

PR(CCI) is the equivalent co-channel protection
ratio corresponding to a system C/N degradation
d dB at BER=2.10"4. This degradation § also in-
cludes the contribution of Type A interferences.
The C/N degradation 6 depends on the total inter-
fering power in the receiving filter.

Although each contribution relative to a service
area is composed by N channels at the same power
level, the most important is the co-channel (CCI)
because the AClIs are efficiently filtered by the re-
ceiver. The sum of the co-channel interferences is
indicated as the “equivalent” co-channel contribu-
tion.

The non-linearity of the satellite TWTA, operating
close to saturation, regenerates the spectrum side-
lobes and the adjacent channels interfere partially
with each other. Fig. 7 shows the interfering power
of QPSK, Offset-QPSK and 8-PSK measured in
the bandwith B of the receiving filter of an adja-
cent channel, for different values of the normalized
channel spacing D¢/Ry. Dy is the effective channel
spacing and Ry is the symbol rate of the digital mo-
dem*.

In the range of practical D¢/Rg values, i.e. from 1.1
to 1.5, there is only a slight advantage, in terms of
interfering power reduction, if Offset-QPSK is
adopted instead of QPSK. Accordingly, for the
purpose of the study, QPSK has been chosen for
system Al and A2, in view of its superior C/N per-
formance and implementation simplicity. Fig. 8

shows the C/N degradation, for BER=2.10"4 after

*  Ry=Ru.M, where M=1 for system A1, M=2/3 for system
A2 and M=1/2 for system B.

A
1072 Uncoded QPSK
10-3
m
Q
1074
10-5—
—— Cll=w®
10-6 ——— C/I=15dB
Rate 1/2 ©- - Cl=12dB
10-7— —— C/I=10dB
10-8 T T
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Figure 8

C/N degradation due
to interference for
systems A1, A2 and B,
after Viterbi decoding.
(BER =2.107%)

Figure 9

BER performance of a
digital modem of the A1
family in the presence
of co-channel
interference.
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Table 2

System performance
through a simulated
satellite channel.

14

Viterbi decoding, versus the carrier-to-interfer-
ence ratio (C/I). The interfering power (I) hasbeen
measured in the bandwidth (Bx) of the receiving
filter. System Al gives the greatest ruggedness
against interference. For a C/N degradation of 1
dB it can operate with a co-channel C/I ratio of 11
dB. For the same C/N degradation, systems A2
and B require higher C/I values: 13.8 dB and 16.7
dB, respectively.

The error performance of system Al in the pres-
ence of noise and interference has been assessed by
laboratory measurements on a prototype QPSK
modem with a convolutional code (rate 1/2, asso-
ciated with Viterbi decoding), operating at a useful
bit-rate Ru=17 MBit/s [7]. The tests were carried-
out with a modem in back-to-back IF configura-
tion; noise and co-channel interference were add-
ed at the demodulator input. The results are shown
in Fig. 9. The system is able to cope with co-chan-
nel carrier-to-interference ratios as low as 10 dB
with an Ep/N, degradation of about 1 dB at
BER=2.10"4. These results are in good agreement
with those obtained in computer simulations.

B 4.2, Evaluation of basic planning
parameters

Table 2 gives the performance of the three systems
in a complete interference environment, in terms
of:

- Ru = bit-rate at the output of the HDTV coder
(including video/sound/data and RS(255,239)
redundancy);

- C/Nratiosrequired in 100 MHz for high quality
pictures (HQ) and for service continuity (SC),

corresponding to BER = 2.1074 and BER =
2.1073, after Viterbi decoding, respectively;

- co-channel protection ratios PR(CCI), fora C/
N degradation 0=1 dB at BER=2.10"4";

- channel frequency spacing (Ds);

- number of available channels () in 600 MHz
bandwidth on one polarization.

The following assumptions have been made:

- raised-cosine modem filters, roll-off a.=0.5;

- TWTA OBO=0dB for QPSK, OBO=0.3 dB for
TC-8PSK; wide-band OMUX filter;

- ideal carrier and clock recovery;

- 2 dB implementation margin;

- total bandwidth 600 MHz, no guard-band;
- no up-link noise or interference;

- Dg¢/Rg= normalized channel spacing=1.428.

Because of the fixed value D¢/Rg, the CCI protec-
tion ratio, for each system, is independent of the
useful bit-rate.

The values given in Table 2 are the main system pa-
rameters required for planning purposes. The fol-
lowing preliminary observations may be made:

System Al offers the lowest spectral efficiency
(1 bit/(s.Hz) in the Nyquist bandwidth), but is the

*  Foruncoded QPSK a degradation of 1.8 dB was accepted
in order to operate at PR(CCI)=20 dB.

Channels C/N ratio required in 100 MHz
Ru System Ds in 600 MHz PR(CCI) | (2dB implementation margin)
Mbit/s MHz N dB HQ - dB SC - dB
140 QPSK + 100 6 20.0 14.1 11.6
RS
A1l 100 6 1.1 5.6 4.6
70 A2 66.7 9 15.3 6.6 5.7
B 50 12 20.2 8.2 7.2
A1l 150 4 1.1 7.4 6.4
105 A2 100 6 15.3 8.4 75
B 75 8 20.2 10.0 9.0
Al 200 3 11.1 8.6 7.6
140 A2 133 4 15.3 9.7 8.8
B 100 6 20.2 1.2 10.2
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Figure 10

Co-channel protection

ratio PR(CCI) of systems
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most rugged in the presence of noise and interfer-
ence; it requires the lowest C/N ratio and a
PR(CCI) of about 11 dB.

System B offers the highest spectral efficiency
(2 bit/(s.Hz) in the Nyquist bandwidth) but re-
quires an increase of 2.6 dB in C/N ratio with re-
spect to system Al and a PR(CCI) of about 20 dB.

System A2 represents a compromise between the
other two systems: it has a spectral efficiency of
1.5 bit/(s.Hz) and requires a C/N ratio which is 1
dB higher than system A1 and a PR(CCI) of about
15 dB.

If the useful bit-rate of Ru=140 Mbit/s is chosen
to ensure transparency to studio quality, system Al
would allow three channels to be accommodated
in the 600-MHz bandwidth (on each of the two po-
larizations); system A2 allows four channels and
system B six channels. If the bit-rate is reduced to
Ru=70 Mbit/s, which still ensures high picture
quality, the power can be reduced by 3 dB and the
maximum number of channels is doubled. This
would permit the operation of six channels with
system Al, nine with system A2 and twelve with
system B, on each polarization. If both polariza-
tions are assigned to the same service area, system
A2 appears as a very attractive solution, because
the number of channels per service area is suffi-
ciently high (18) and a good service availability
can be achieved (see Section 5).

In Table 2 the normalized channel spacing D¢/Rg is
setat 1.43. The ruggedness against interference of
systems Al and A2 can be exploited to reduce the
channel spacing; by this means one or two more
channels could be accommodated, or suitable
guard bands could be provided to protect adjacent
services from out-of-band spurious emissions.
The optimisation of Dg/Rg can be carried out easily
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with the aid of the curves of Fig. 10, once the val-
ues of PR(CCI) obtained from planning exercises
are known.

For example, assuming that the plan allows opera-
tion with an equivalent co-channel carrier to inter-
ference ratio C/I which is greater than 15 dB at all
the test points, the normalized channel spacing of
system A1 could be reduced from 1.43 to 1.13 with
a C/N degradation 6 = 1 dB. Under these condi-
tions system A1-70 could operate efficiently with
a channel spacing of 79.1 MHz, making available
a total of 14 channels (2 x 7 using both polariza-
tions) and allowing, in addition, a guard-band of
about 46 MHz.

mmm 5. Anexample of 22-GHz
W-HDTV BSS (Italy)

In order to assess the feasibility of W-HDTV BSS
at22 GHzusing the channel coding techniques ex-
amined above, link budget evaluations have been
carried out for the case of coverage of Italy. Most
of the territory is in climatic zone K, although zone
L, which is representative of the most unfavour-
able propagation conditions in Europe, is also con-
sidered (relevant for the north-west of Italy).

The link budgets have been evaluated for the fol-
lowing conditions:

- satellite TWTA power: 300 W

- receiver noise figure: 2.5dB,

coupling losses 1 dB
- down-link frequency: 22 GHz;
- satellite position: 19°W

- satellite losses (waveguide,
OMUX filter): 1.5dB

- satellite maximum e.i.r.p.: 67.3 dBW

A1, A2 and B, as a
function of the normalized
channel spacing, for a C/N

degradation of 1 dB and
BER = 2.1074.
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Figure 11

Service availability
in climatic zone K
in Italy, for systems
A1, A2 and B, as a
function of the
useful bit-rate Ru.
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- receiver G/T: 16.7 dB/K
(dish: 90 cm, efficiency 65%)

- up-link noise contribution: 0.5 dB.

The values of rain attenuation and gaseous absorp-
tion have been computed as a function of the per-
centage of time of the worst month using the meth-
od of CCIR Report 564-3 Mod F. In the regions
in climatic zone L the figures for rain attenuation
and gaseous absorption at 22 GHz are: 10 dB (99%
of worst month), 14.5 dB (99.6%) and 26.5 dB
(99.9%). The other parts of Italy, in climatic zone
K, are less affected by these severe rain attenua-
tions. However the corresponding figures are still
high: 8.5 dB (99% of worst month), 12.1 dB
(99.6%) and 21.2 dB (99.9%). In any case, owing
to the limited knowledge of the rain attenuation
statistics in this frequency range, the results ob-
tained in this example should be used only for
qualitative comparisons of the performance of the
various systems. Clear-sky C/N margins have
been evaluated for the three systems (Al, A2 and
B) as a function of the useful bit-rate Ru, for high
quality pictures (BER=2.10-%) and for service con-
tinuity (BER=2.10-3). The corresponding per-
centages of time in the worst month have then been
determined.

The increase of rain attenuation between 99% and
99.6% of the worst month is much higher then the
difference between C/Nyq for unimpaired pic-
tures and C/Nsc for service continuity (about
1dB). The most severe target is therefore the
99.6% service continuity.

systems Al and A2 satisfy the target of high pic-
ture quality for 99% of the worst month (BER =
2.107%), with 90-cm dishes. Using the same anten-
na, system B could operate at about 100 Mbit/s.
Using a receiving antenna of 75 cm, system Al
could operate at 120 Mbit/s, system A2 at 95
Mbit/s and system B at 70 Mbit/s. In zone L, with
a 90-cm dish, the 99% target is achieved by sys-
tems A1-140, A2-105 and B-70.

Fig. 11 gives, for climatic zone K and witha 90-cm
receiving antenna, the percentage of the worst
month for which service continuity is guaranteed,
as a function of Ru. The service outage times are
also indicated. The service continuity target of
99.6% of the worst month (BER = 2.1073) is
achieved by system A1 at about 95 Mbit/s, and by
system A2 at 70 Mbit/s; this target is only ap-
proached by system B-70 (about 99.5%). Under
the severe propagation conditions of zone L, the
adoption of reduced bit-rates (e.g. 70 Mbit/s) or
larger antenna diameters would be necessary.

mm= 6. Influence of PR(CCI) on

spectrum exploitation

The three systems Al, A2 and B have been eva-
luated for operation in the channel configuration of
Fig. 6, and with a C/N degradation of 6=1 dB.

In a planning exercise, protection from interfer-
ence can be achieved by frequency separation of
the channels, by cross-polar discrimination, by
geographical separation of the service areas and by
orbital separation of the satellites. Systems that
can operate with low values of PR(CCI) and
PR(ACI) allow more efficient use to be made of
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the available spectrum. The maximum efficiency
is obtained when it is possible to assign the overall
available bandwidth (on one or both polarizations)
to the service areas: this type of plan is known as
a “common frequency plan” [6]. This approach
was not possible at the WARC’77 because of the
use of analogue FM systems requiring a PR(CCI)
of 31 dB and PR(ACI) of 15 dB, with a channel
spacing of 19.18 MHz.

An important feature of the common frequency
plan is that the choice of modulation parameters,
bit-rates and channel spacings can be left to the
user; the only restriction concerns the maximum
permitted power density needed in order to protect
the other services from interference. Service areas
affected by severe propagation conditions can
therefore adopt very rugged modulation and cod-
ing schemes to protect themselves against noise
and interference, at the expense of a reduction of
the useful bit-rate (Ru) or of the number of avail-
able channels. For example, assuming that QPSK
modulation is used with a fixed symbol rate, the
use of punctured convolutional codes would allow
the code rate to be changed easily (e.g. 1/2,2/3, 3/4
and 7/8) according to the service area, without
hardware modifications in the QPSK demodulator
and Viterbi decoder.

Planning exercises have been carried out [8] in or-
der to evaluate the number of channels that can be
obtained per national service area in Europe and
North Africa. The results indicate that a common
frequency plan which assigns all the bandwidth
(e.g. 600 MHz) to all the service areas, but using
only one of the two polarizations, is feasible with
a co-channel protection ratio PR(CCI) of 20 dB
(assuming 3° satellite spacing and the WARC’77
antenna radiation pattern). The three systems A1,
A2 and B can therefore operate in such a planning
scenario; the number of channels available, N, is
given in Table 2.

If the satellite spacing is reduced to 2°, and assum-
ing the adoption of systems able to operate with
PR(CCI) of only 15 dB, frequency re-use in the
same service area becomes feasible, doubling the
total number of channels per service area. Under
these conditions systems Al and A2 suffer from a
C/N degradation d of about 0.4 and 1.1 dB, respec-
tively. Atotal of 12 and 18 channels would be av-
ailable with system A1-70 and system A2-70, re-
spectively.  System B could operate with
frequency re-use, allowing 24 channels at Ru=70
Mbit/s, at the expense of a large C/N degradation
(about 2 dB), which can be overcome by increas-
ing the satellite power.
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mmm 7. Conclusions

Among the objectives of the WARC’92 Confer-
ence in Spain, the allocation of a suitable frequen-
cy band around 20 GHz for wide-RF band HDTV
satellite emission systems, with near studio quali-
ty, is of primary importance. To assess the feasibil-
ity of a fully-digital solution, potentially open to
the expected technology evolution of the next cen-
tury, three advanced channel coding and modula-
tion systems have been identified and evaluated by
computer simulations and laboratory tests (at
scaled bit-rates) using a hardware satellite simula-
tor:

- System Al: QPSK with rate 1/2 convolutional
code;

- System A2: QPSK with rate 3/4 convolutional
code;

- System B : rate 2/3 trellis-coded 8-PSK.

These systems make use of soft-decision Viterbi
decoding in the receiver, and include a Reed-Solo-
mon (255,239) concatenated block code asso-
ciated with the HDTV coder.

The main objective of the study was to compare the
RF system performance at different bit-rates
(Ru=70, 105 and 140 Mbit/s, including video/au-
dio/data information and 6% FEC redundancy),
when working through a satellite channel in a com-
plete interference environment, in terms of:

- number of channels available in a bandwidth of
600 MHz (21.4 to 22 GHz);

- service quality, in terms of percentage of time
(in the worst month) for which high-quality
pictures are available and service continuity is
assured.

With current hybrid DCT bit-rate compression al-
gorithms, near-studio quality HDTV isachievable
at 140 Mbit/s. The adoption of reduced bit-rates,
such as 70 and 105 Mbit/s, still allows high-qual-
ity HDTV, and assures significant improvements
in the RF system performance; this could be a pre-
dominant factor in regions affected by severe
propagation conditions, such as climatic zone L in
northern Italy.

The following conclusions can be drawn:

- All systems, Al, A2 and B, have proved suit-
able for operation in a “common frequency
plan”, which allocates the whole 600 MHz
bandwidth to each service area, on one or both
polarizations (i.e. with frequency re-use). This
approach allows a certain degree of flexibility
in the final choice of the system and of the bit-

HDTV
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rate, according to the propagation conditions
and the service requirements. The final choice
is then a trade-off between the required HDTV
picture quality, the number of channels and the
service availability.

In countries where the satellite e.i.r.p. is not the
limiting design parameter (low rain attenuation,
small foot-print) system B, with frequency re-
use, represents the optimum solution in terms of
the number of channels available (i.e. 12, 16 and
24 at bit-rates of 140, 105 and 70 Mbit/s respec-
tively).

In countries affected by severe propagation
conditions (e.g. high rain attenuation and low
cross-polar decoupling) systems Al and A2 are
particularly suitable on account of their rugged-
ness in the presence of noise and interference.
Moreover, the use of low bit-rates (e.g. 70
Mbit/s) allows a further improvement of the RF
system performance.

As an example, the performance of the three sys-
tems at 22 GHz has been evaluated under the se-
vere propagation conditions of Italy (climatic
zones Kand L), assuming a satellite TWTA power
of 300 W. The results have proved the possibility
of conveying unimpaired HDTV pictures to view-
ers for 99% of the worst month, using 90-cm re-
ceiving antennas:

- near-studio quality, at 140 Mbit/s, can be
achieved in climatic zone K by systems A1 and
A2, and in zone L by system Al;

- high-quality HDTV is feasible in zone K with
system B-105, and in zone L with systems
A2-105 and B-70.

Using a 75-cm receiving antenna, system Al can
operate at 120 Mbit/s for 99% of the worst month,
system A2 at 95 bit/s and system B at 70 Mbit/s.
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In order to satisfy the target of service continuity
for 99.6% of the worst month, particularly under
the severe propagation conditions of zone L, a re-
duction of the bit-rate or an increase of the antenna
diameter would be necessary. For example, sys-
tem A1-70 could operate satisfactorily with a
100-cm dish in climatic zone L for 99.6% of the
worst month, making available a total of 12 chan-
nels, using both polarizations.

The results of this investigation prove the feasibil-
ity of W-HDTV BSS, at frequencies around 20
GHz, using advanced modulation and channel
coding techniques which are already mature for
practical implementation. These techniques,
based on concatenated error correction strategies
and soft-decision Viterbi decoding, allow the
broadcasters to exploit the inherent flexibility of
the common frequency approach by offering a va-
riety of solutions for W-HDTYV broadcast satellite
services, suitable for a variety of service require-
ments and propagation conditions, and able to
cope with the technology of future satellites in the
20-GHz range.
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8-hours/day Hi-Vision

Following over two years of daily one-hour experimental satellite broadcasts of Hi-Vision, the Japa-
nese Hi-Vision Promotion Association began test broadcasts for eight hours each day, beginning on
25 November 1991. The broadcasts are carriedin a channel on the BS-3b satellite reserved exclusive-

ly for Hi-Vision.

The purpose of the expanded test programme is to increase awareness of Hi-Vision and the Assosi-
ation hopes to contribute, in this way, to the enhancement of Japanese culture and the living standard
ofthe people. The Association represents companies and organizations from various fields, including
the Japanese national broadcasting organization NHK, JSB (Japan Satellite Broadcasting) and com-
mercial broadcasters in Tokyo, Osaka and Nagoya. NHK joined the Association on the understanding
thatthe broadcaster’s efforts to promote Hi-Vision during the earlier experiments would be fully appre-
ciated, and that NHK would assume the leading réle in the new Association.
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