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SECTION 10/11B: SYSTEMS

REPORT 215-7

SYSTEMS FOR THE BROADCASTING SATELLITE SERVICE
(SOUND AND TELEVISION)

(Question 2/10 and 11, Study Programme 2A/10 and 11)

(1963-1966-1970-1974-1978-1982-1986-1990)

1. Introduction

This Report describes the essential elements of broadcasting-satellite system design and their relationships.
The object of the Report is to assist the system designer, frequency planner, and spacecraft and earth-station
engineer in their choice of system characteristics. Such choices, as is the case in the design of systems in general,
are bounded by various constraints: limitations imposed by the state of international agreement and, most
important, by considerations of system economics. . ’

Other relevant information on the systems aspects of the broadcasting-
satellite service are given in the Recommendations and Reports listed below;

- Terminology
Recommendation 566
- Television broadcasting systems
Recommendation 650, Reports 1073 and 1074
- Sound broadcasting systems
Report 955
- High definition television broadcasting systems
Report 1075
- Feeder links
Report 952
- Modulation, multiplexing and coding
Recommendation 651, Reports 632, 953 and 954
- Transmitting and receiving antennas
Recommendation 652, Report 810
- Earth receiving equipment
Report 473
- Satellite technologies
Report 808
- Interservice frequency sharing
Report 634

2. Ma jor system parameters

There are different ways to approach the selection of system parameters. One method is given in this
section. :

As a first step, decide on system input factors. That is, the desired quality for various percentages of time,
the number of chunnels (including the number of accompunying wudio progrumme channels) and the area of
coveruge on the Earth. The subject of quality of reception is discussed in greater detail in § 3,
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2.1 Factors affecting choice of orbit and of orbital position in the GSO

2.1.1 General

Among the factors to be considered in the selection of preferred orbits for satellite broadcasting are
coverage, number of daily broadcast hours desired and antenna characteristics. C :

The satellite orbit for a broadcast service must provide coverage of
selected regions of the Earth the (broadcast service area) during desired
viewing or listening hours, which may vary from several to twenty-four hours per
day. For non-continuous broadcast periods, it is desirable to have these
intervals occur at the same local time each day. Regardless of the duration of
the broadcast period, it is desirable to have an orbit that does not require
antenna tracking equipment for broadcast recieving installations.

2.1.2 Geostationary satellite orbit (GSO)

The geostationary satellite orbit (GSO, altitude 35786 km above the equa-
tor) has been chosen for most existing and planned broadcasting satellite sys-
tems, It permits a continuous broadcast '
scrvicc»ito'areas as small as individual countries or as large as continents, up to about one-third of the surface of
the Earth. The limitation imposed by thé minimum usable angle of elevation can be determined from Fig. 1 of
Report.206. A geostationary satellite also permits the use, if required, of a fixed receiving antenna of very high
gain (and hence directivity). 3 s

2.1.3 Inclined orbits

A satellite in a sub-synchronous circular equatorial orbit can provide coverage at the same local time each
day. The number of uninterrupted broadcast hours possible from such a satellite to a given area on the surface of
t!\e Earth is a function of the satellite altitude and the latitude of the receiving point. Representative visibility
times are shown in Annex I (see Table XI). _ . ‘

iBecause the sub-synchronous satellites in circular orbits have a lower altitude than a geostationary satellite,
a stronger signal is available for a given transmitter e.i.r.p. Such satellites may therefore have an advantage when

the maximum transmitting antenna gain is limited by size restrictions and when the receiving antenna can be
nearlyomnidirectional. . '

2.1.4 Choice of orbital position in GSO

The following factors shall be considered in choosing an orbital position
in the GSO:

- receiving antenna elevation angle within the broadcasting service area;
- effect of the eclipse due to the moon.

(Generally, orbital position of the broadcasting satellite is chosen about
20 to 40 degrees westward from the centre of the broadcasting service area to

overcome eclipse blackout during service time.)

2.2 Frequency of operation

2.2.1 General

In selecting a frequency band for a broadcasting-satellite system, the
choice obviously is constrained not only to the frequency allocations
established in the Radio Regulations for the broadcasting-satellite service, but
by other factors such as current or planned use of certain frequencies shared
with other services within the desired area of coverage, or in areas subject to
interference from the system being planned (e.g., see Report 634).
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The principal propagation effects to be taken into account are attenua-

tion, due to atmospheric gases and rain, and depolarization.

2.2.1.1 Attenuation

Atmospheric attenuation is due mainly to rain and cloud attenuation. It
varies with frequency, angle of elevation .and local climate. It can be closely
extended from a rain attenuation model. -

Measurements that have been carried out in Europe®, Japan, Malaysia,
Australia, United States and France are described in Annex II. The values of
attenuation not exceeded during 99% or 99.9% of the worst month are listed in
Table I.

- Worst-monfh attenuation observed in different locations
and at frequencies from 11.6 to 30 GHz

Table 1I.

Elevation Attenuation (dB) not
Location of Frequency angle exceeded during given
measurements (GHz)- (deg) fraction of worst month
99 % 99.9 %
Europe* ) 11.5 20 to 45 1.1 3.3
France (Paris) 11.6 and 11.8 1.8 4.0
France (Brittany) 11.6 and 11.8 1.5 3.4
Japan (12 locations) 12 30 to 60 2.4 6.9
Malaysia (Klang) 12 corrected | 1.7 8.7
) o _ to 45 S 1 L
Australia (Darwin) 12.75 50 6 . 16 .
Australia (Sydney) 12.75 53 1 20
USA (Maryland) 11.70 29.5 <1 5.4
USA (North Carolina) 11.70 -1+ 36 Lo r - 1.8
" 20 36 1.5 | 11.0
" 30 . 36 : 2 . 19.5

Measurements done by the European Space Agency (ESA) in certaln countries' of
Western Europe.

The rain attenuation model based on rain fade statistics corresponding
to 1% of the worst month has been applied to both feeder-link and down-link
planning for the 12 GHz broadcasting-satellite service as described in
Appendices 30 (Orb 85) and 30A of the Radio Regulations. (See Report 723 for a
method of estimating worst-month statistics from annual statistics.)

Further information is contained in Reports 564 and 565, and a me(hod for calculating rain
attenuation can be found in Report 363.

* Measurements done by the European Space Agency (ESA) in certain countries of Western Europe.
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For anyifrequency f(GHz), other than 11.5 GHz, an approximate value for
the atmospheric attenuation 4; may be calculated from the values for 11.5 GHz,
A,s , by means of the following formula which is valid from 11.0 to 14.5 Ghz:

A= Ay [l + 02(f - 11.5)] dB

Measurements can be corrected with respect to elevation angle by using the
cosecant law [CCIR, 1978-82a].

Little data on rain attenuation is available for tropical rain )
climates. More measurements are required in these areas above 11.6 GHz toprovide
a useful body of data. ‘

2.2.1.2 Depolarization

In addition to their effects on attenuation, clouds and rain can cause depolarization of the signal.
Statistical analysis of measured results with circular polarization in Region 1 suggests that the level of the
depolarized component (relative to the level of the co-polar component after attenuation) can be expressed
approximately in terms of thc attenuation caused by the atmosphere, according to the following equation:

Relative level of depolarized component (for circular polarization)

= — [30 — 20 log A} dB

where 4 is the atmospheric attenuation, in decibels.

Actual measurement statistics have been analyzed in Report 564 where a more
detailed equation taking into account the influence of frequency and elevation
angle can . be found.

A more detailed discussion of depolarization effects due to . precipitation

can be found in Report 814, Annex 5 of Appendix 30 (ORB-85) of Radio Regulations
and Appendix 30A.

2.2.2 Effect of additive radio noise

Additive radio noise ————is produced from both natural and man-made sources (power lines,
clectrical apparatus, automobile ignition systems). Figure 1 indicates typical noise levels associated with
these sources, and shows that in the lower part of band 10 and in the greater part of band 9 a minimum of
noise is introduced depending upon the conditions. It should be noted however that, while
many measurements of impulsive noise level have been made, evaluation of these
data is as yet incomplete . Therefore, the noise levels shown in Figure 1 must
be considered as provisional.

At present, limited information on the subjective aspects of impulsive noise is available [Pacini
el al., 1971]. There is insufficient knowledge regarding the dependence of man-made noise on the angle of
arrival, polarization, frequency, height of antenna, etc., to make adequate engineering analyses of the
levels likely to be present at the terminals of the receiving antenna.

In addition to the noise sources indicated in Fig. 1, a significant increase
in noise level can occur for short periods when the Sun is within the antenna
beam, if narrow-beam receiving antennas (beamwidth less than about 5°) are used.
For geostationary satellite orbits, these periods occur in the day-time for a
few consecutive days in spring and autumn. The noise temperature and the angular
size of the quiet solar disc is observed at 12 GHz as about 12 000 K and 0.6°
of arc, respectively. Examples of solar inteference to small antennas are
described in Annex III obtained by the experiments with the medium-scale
broadcasting-satellite for experimental purposes, (BSE) of Japan.
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2.3 Required margin

The choice of frequency and the desired quality for various percentages of time dictate an operating
margin (see Report 811)  which depends both on the attenuation statistics applicable
to the broadcasting service area and on the values of carrier-to-noise power

ratio corresponding to the signal quality objectives and the modulation parame-
"ters of the signal and the receiver.

In the case of frequency modulation it is necessary to keep the carrier-to-noise ratio above the threshold
for as high as possible a percentage of time (usually 99.9%) and also to achieve a given signal-to-noise ratio
objective for a specific percentage of time (usually 99%). Thus it is necessary to choose a margin above threshold
such that both requirements are met simultaneously. This margin_should include the atmospheric loss and other
terms not specifically included in the power budget. Provision should be mude in the required value for G/ T for
atmospheric effects on system temperiture ,

Table I gives examples of the margins for atmospherlc loss for the European
broadcasting area, part of the USA, Australia, Japan and Malaysia.

Note, - In the case of the operational Japanese broadcasting-satellite BS-2a, the time statistics of carrier-to-noise
ratio exceeding 14 dB for 99% of the time and exceeding 10 dB for 99.95% of the time for a period of
seven months including the worst months of June and July for rain attenuation, were oblamcd “The rcsults are
shown in Table II. :

Table II _ Time statistics of received C/N ratio
measured over the period of 12 May-24 December, 1984

C/ N ratio (dB) 14.0 12.0 10.0 8.0

Time percentage exceeded above

C/ N ratio (%) 99.0 99.9 99.95 99.98
Frequency: 11.996 GHz ‘
Receiving antenna: 75 ¢m in diameter (gain: 37.6 dB)
Receiver noise figure: 3.0d8
Effect of feeder link on
down-link C/ N ratio: 0.2dB
Accumulated rainfall during
the period: 710 mm
_Measurement site: Tokyo (rainb climatic zone Mj

The report of JIWP 10-11/3 [CCIR, 1986-90a] p01nted out a need of studying
alternative criteria for determining appropriate margins for high definition '
television (HDTV) signals which may require higher carrier-to-noise ratios than
conventional television signals and may operate in frequency bands where attenu-
ation margins are higher than in the 12 GHz bands.
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FIGURE 1 ~ Noise temperature from natural and man-made sources

Note. — This graph should be extended to 100 GHz and curves G and H
should be projected according to the best available data, so as to include
performance predictions for the 40 and 80 GHz broadcasting-satellite ser-
vice allocations. It is realized that curve E is in conflict with Fig. 1 of
Report 238 for frequencies up to 250 MHz. Therefore. curve E and, as a
result, curve F, should be treated with caution. Administrations and the
appropriate CCIR Study Groups are requested to study and submit data,

Curves A: Cosmic noise background (Report 205).
B: Minimum cosmic noise (Report 205).
C: Maximum cosmic noise (Report 205).

D: Typical man-made noise in “rural” area (omnidirectional
receiving antenna (Report 670, Fig. 3). '

E: Typical man-made noise in “urban” area (omnidirectional
receiving antenna) (Report 670, Fig. 3).

F: “Urban” noise, adjusted for a directional antenna orientated
at angles of elevation greater than 45: noise discrimination
equal to one half the gain of the antenna (in dB) is assumed
with a gain of 8 dB at 20 MHz and 25 dB at 2500 MHz.

G: Typical noise due to rainfall and atmospheric absorption for
0.1% of the time: temperate latitudes: angle of elevation 30°.

H: Typical noise due to rainfall and atmospheric absorption for
1% of the time: temperate latitudes: angle of elevation 30°.

St

: Night-time atmospheric noise (Report 322).

2.4 Modulation and required bandwidth

The transmission of radio signals by satellite normally use a modulation
method that involves a power-bandwidth trade-off. Satellites to date have
generally been power rather than bandwidth limited and have, therefore, usually
used FM. AM, while having a significantly narrower bandwidth, requires so much
more power that it has not been competitive. FM also has the advantage of being
a constant envelope signal and is, therefore, not as sensitive to transponder
amplitude non-linearities.

Report 632 discusses details of the modulation methods used for satellite
systems including a comparison of FM with digital modulation techniques.
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2.4.1 Television broadcasting using frequency modulation

The required RF bandwidth, b, for video combined with an audio FM sub-
carrier is approximated by the following equation:

b = Db(p-p) + 2fp

where Dp p-p) is the peak-to-peak deviation of the carrier by the composite
baseband signal and fp is the composite baseband bandwidth.

System performance for video "baseband signals only is discussed in § 3.2. Artificial energy
dispersal, a technique useful to facilitate sharing with other services whose signal energy is confined to
bandwidths much smaller than those required for FM analogue transmission (as is the case for the BSS)
would increase the bandwidth occupied by the signal from the satellite. (A requirement to employ artificial
energy dispersal of 600 kHz on all transmissions serving Regions 1 and 3 is incorporated in the Radio
Regulations, Appendix 30. Energy dispersal is also required in some circumstances on transmissions
serving Region 2.) Other details are discussed in §2.4.4and are given in Report 631.

In the 12 GHz band, laboratory tests have shown that for frequency-modulation transmission of a
625-line colour television signal accompanied with sound transmitted by a frequency-modulation sub-
carrier, a good compromise was obtained between the transmitter bandwidth and the quality of the signal
for a radio-frequency bandwidth of about 25 MHz.

Some tests carried out in Japan ——————o have shown that in the transmission of
frequency-modulated “television signals accompanied by sound signals in a single channel, using a
multiplexed frequency-modulation sub-carrier at 4.5 MHz, satisfactory results can be obtained with a .
bandwidth of 23 MHz. Moreover, advantage can be taken of over-deviation to transmit six supplementary
sound signals of medium quality, by means of a second subcarrier using frequency modulation and
time-division-multiplexing by pulses. . )

The bandwidth occupied by a signal from a broadcasting satellite must be increased to accommo-
date one or more sound channels. Typically this increase is a quite small percentage of the bandwidth
required for the video alone. The radio-frequency channel width of the satellite transmitter must also be

larger than the occupied bandwidth to account for both transmitter frequency instability and to keep
adjacent channel interference to acceptably small values.

The increase in bandwidth to accommodate both sound channels and guard bands is of the order
of 10% of the radio-frequency bandwidth, b.

Further details on the signal characteristics, bandwidth requirements and
system performance for the baseband signals being considered for future satel-
lite broadcasting systems are given in Report 1075S.

2.4.2 Sound broadcasting
For sound broadcasting, both FM and digital modulation are considered.

Modulation methods and required bandwidth are indicated in Report 955 and
Report 1228.. The systems described in Report 955 are intended for use in
bands 7 and 9 for portable, mobile and fixed radio receivers. The systems
described in Report 1228 - —— are intended for the broadcasting-satellite service
in the 12 GHz band, generally for fixed reception.

2.4.3 Frequency deviation and pre-emphasis

Planning of the broadcasting-satellite service has been based on the use of pre-emphasis characte-
ristics given in Recommendation 405. However this does not preclude the use of other pre-emphasis
characteristics, provided that the use of such characteristics does not cause greater interference (Radio
Regulations, Appendix 30 (ORB-85) (Annex 5, § 3.1.3)). [D*Amato and Stroppiana, 1979]
illustrate the results of an investigation carried out in order to optimize the pre-emphasis characteristic. All
the factors affecting the signal quality (threshold noise visibility, spurious amplitude modulation, distor-
tions, sound-on-video and video-into-sound crosstalk) have been taken into consideration. The experi-
mental data support the use of the current CCIR recommended pre-emphasis characteristic for
broadcasting satellites. :
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The pre-emphasis specifications for the signal formats recommended for use

with future broadcasting satellite systems are given in a Special Publi i
t
the CCIR [CCIR, 1988]. ® ? uhlieation of

[CCIR, 1974-78a] considers a technique for improving the video signal-to-noise ratio on an
FM satellite link by optimizing the frequency deviation and the pre-emphasis characteristic simultaneously.

Further studies are required to establish the applicability of this technique to the broadcasting-satellite
service.

2.4.4 Energy dispersal in feeder and down links

Energy dispersal is used in connection with FM-TV transmissions via FSS satellites in order to
reduce interference to other systems which share the same frequency bands. In the case of broadcasting-
satellite transmissions, energy dispersal may be required on the down link in order to protect terrestrial
radio-relay links while, on the feeder link, it may be required in order to protect transmissions (o
fixed-service satellites at neighbouring orbit locations, sharing the same frequency bands (e.g. 14 to
14.5 GHz). (Note. — The 11, 14.5 to. 14.8 and 17 GHz bands (Earth-to-space) arc limited to feeder links

for the BSS. yorldwide plans for feeder-link assignments in the 14 and 17 GHz
bands were developed at RARC-83 and WARC-ORB 88, and are given in Appendix 30A
of the Radio Regulations.)

In principle,the required energy dispersal bandwidth is different in the two directions of transmis-
sion, typically being greater on the feeder link. On the other hand, it is desirable.to use the smallest
possi.b!eldispersal bandwidth on the down link so that the cost of rcmo'vini_z the dispersal signal in home
telcvn§1on receivers can be minimized. Similarly, dispersal at the television line frequency .r'nay be most
effecm'c in the feeder link for protecting fixed-satellite transmissions, while a television frame frequency
dispersal signal may be less expensive to remove on the down link. If such a conflict arises between the
requirements for the feeder and down links, consideration should be given to energy-dispersal modulation

convex:sion in the broadcasting satellite as one possible means of improving orbit conservation. Further
study is required on the need for and practicability of this technique,

In practice, the amounts of energy dispersal to be used in comnection with.
the assignments in the 12 GHz down-link Plans and the 14 and 17 GHz feeder-link
Plans are given in Appendices 30 (ORB 85) and 30A respectively.

2.4.5 Preservation of d.c. component in frequency modulators

In order to obtain the maximum utilization of the available bandwidth by either monochrome or
colour signals, the centre frequency of the carrier modulated by a video signal should be preserved (e.g. by
preservation of the d.c. component in the frequency modulator), especially in satellite circuits which
operate under constraints of power and bandwidth, ) T

. The centre frequency can be constrained to correspond to the mid-point of a pre-emphasized peak
* white video signal [AuBC, 1983]. S ST . . .
.If the centre frequency is not preserved, then not only could system performance be impaired, but
signals could be radiated outside the assigned channel bandwidth during periods of rapid changes in
luminance, thus creating the possibility of interference to second adjacent channels. More restrictive filters,
with all their limitations, would then be required at the output of the modulator to suppress these
out-of-band signal components. A i ‘ ‘ o N

In the case of transmissions employing rﬁullip!cxed analogue components (MAC), the i:ré-emphasis
characteristic likely to be employed will attenuate low video frequencies only slightly. Therefore it is even
more important for such systems to preserve the centre frequency corrcqunding to the central value of the
video signal. [CCIR, 1988].
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2.5 Satellite e.i.r.p. and earth receiver figure of merit (G/T)

2.5.1 Optimizing satellite e.i.r.p. and earth receiver figure of merit

In any satellite communication system there are usually trade-offs to be made between satellite and ground
terminal cost and complexity, therefore one of the key trade-offs involves the e.i.r.p. of the satellite as a function
of the figure of merit (G/T) of the ground terminals. With all other system parameters unchanged, e.i.r.p. and
G/T can be varied as long as their sum remains constant. Figure 2 shows
graphically the sum of e.i.r.p. and figure of merit, in the case of 12 GHz
systems with a minimum S/N of 45 dB, for various bandwidths and minimum C/N
ratios. No losses other than the free space loss are included. Analogous results
can be obtained in the case of other frequency bands or other minimum S/N
ratios.

The available satellite e.i.r.p. per channel for a given satellite trans-
mitter output power depends on the transmitting antenna gain corresponding to
the regquired coverage area. High e.i.r.p. satellite designed to provide several
television channels to large geographical service areas are currently difficult
to implement because of the high primary power required.

Other system options available for decreasing the required e.ir.p. are to use modulation methods which
require less power, or to obtain sufficient video compression so that digital modulation techniques become power
effective (see Report 631).

Determining the effects of increasing the antenna size of receiving earth stations is fairly straightforward, since gain as a
function of size is well known and antenna cost data are available. Practicality (mounting, wind loading, etc.), particularly for

home (individual) use, must also be considered. Further information is given in §3 of Report 473.
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2.5.2 System calculation formulae
The relationship between satellite e.i.r.p. and earth-station figure of merit is:
C/Ny = eirp. — Lgs+ G/T— 10log kB —~ Ly — Lg or
eirp. = C/T+ Lgs+ Ly + Lg—~ G/T dB
where:

C/ Ny : minimum acceptable carrier-to-noise ratio (dB);
C/T: carrier-to-noise temperature ratio of the space-to-Earth path, (dBW(K~'));

e.ir.p.: equivalent isotropically radiated power from the satellite towards a point on the edge of the
required service area (dBW);

k: 10 log Boltzmann’s constant (dB(WK~' Hz™'));

Lgs: free space path loss on the space-to-Earth path (dB)

A = 20 log 4nR/XA (where R is the distance and X is the wavelength measured in fhe same units);
Ly: path loss due to clear air absorption (dB);

Lg: fade level due to rain (dB); ‘

G/T: minimum, degraded value of the receiver figure of merit (dB(K~'));

B:  noise bandwidth of an individual channel (Hz).

The required satellite e.i.r.p. can be converted into required satellite transmitter output power, Ps, if the
satellite antenna gain, Gris known:

Ps = e.i.r.p. - GT dB

The half-power beamwidth 8, can be determined once satellite antenna gain is specified:
8 = |27 843/ Gr = 225(M/nD)

where Gy is the antenna gain expressed as a ratio and D is the diameter of the antenna expressed in the same
units as A, the wavelength. An antenna aperture efficiency of 55% has been assumed.

Determination of exact coverage area on the ground is complicated because of the difficulty of
determining the intersection of the satellite antenna beam with the spherical surface of the earth. For beams
directed near the sub-satellite point, a 1.5° beam produces a coverage area with a diameter of about 1000 km. The
same beam directed towards higher latitudes, or towards areas far removed in longitude from the sub-satellite
point wiil cover a much larger area on the surface of the Earth {Ostrander, 1967; Sollfrey, 1966].

The following relationship exists between the magnitudes of field strength and power flux-density.
The straightforward conversion between the unit of field strength, E, (dB(uV/m)) and power flux-
density @, (dB(W/m?) is:

O = E— 1458

There are several additional useful relationships:
— the noise power in a 1 MHz bandwidth is —144.0 dBW at a noise temperature of 290 K,
~— 1 pVemf. in a 75 Q source corresponds to an available power of —144.8 dBW,

— 1 uVemf. in a 50 Q source corresponds to an available power of —143.0 dBW.
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The relation between the e.i.r.p. of a geostationary satellite and the power flux-density at the surface of the
Earth is:

power-flux density = e.i.r.p. — spreading loss + B — W — X

where:
power-flux density is in dB(W/m?) in the reference bandwidth B
e.i.r.p. is in dBW

B (reference bandwidth) is in dBHz
(See Note 1)

W (actual signal bandwidth) is in dBHz ( W > B)

X is a factor, in dB, which takes into account the uniformity of the signal spectrum over its bandwidth W.
X ranges from 0 dB when the signal spectrum is flat, to (B — W) dB when the signal bandwidth W < B.

For the point on the Earth at latitude @° and relative longitude (sub-satellite point = 0°) A° and with
cos A = cos A cos ¢, we obtain the following relationship:

Angle A : spreading loss, dB(m?)
(degrees) (See Note 2)
0 (sub-satellite point) : 162.1
80 163.4
For an angle of elevation g, with tan € = (cos A — 0.1513)/sin A, we obtain the following relationship:
Angle € ~ ' spreading loss, dB(m?)
(degrees) ' (See Note 2)
0 ‘ 163.4
90 ' v B v 162.1
Note 1. — The reference bandwidth has various values. For space research, it is 1 Hz; for the fixed-satellite

- service it can be 4 kHz, or 1 MHz, depending on the characteristics of the terrestrial service with which a band is
shared. When the emission of a satellite is not uniformly distributed over.its necessary bandwidth, the limit on
power flux-density is usually construed to apply to the “worst” reference bandwidth.

Note 2. — The e.ir.p. (dBW) minus the spreading loss in dB(m?) is equal to the power flux-density (dB(W/m?),
atmospheric loss not included.

The foregoing formulae are typical of those used in connection with the
planning of broadcasting satellite and feeder link frequency assignments in the
12 and 14/17 GHz bands respectively.

3. Quality of reception

3.1  General considerqtions

The quality of the television image on the receiving screen depends on the signal-to-noise ratio, the level
and nature of any interference and on the various distortions occurring in the transmission chain (studio,
terrestrial link, feeder link, satellite transmitter, signal path, receiver). Various methods of making subjective
assessments of the quality of television pictures and the parameters involved are given in Report 405.

The recommended method for assessing the quality of television pictures is given
in Recommendation 500.
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It seems to be important to determine the overall performance of the entire system and then define
appropriate specifications of components, such as satellite repeaters and home receivers, in the form of target
values. Table 111 of this Report shows typical major parameters of components used in the satellite broadcasting
system, and it mainly deals with the least preferable quality determined at the edge of the service area for
planning purposes. As satellite broadcasting is capable of delivering a high quality TV signal comparable to that
of the studio to the general public, it is practicable to set a higher quality standard.

TABLE 11l — Parameter values
Parameter
Component of (he. chain Differential Differential Chrominance/ | Chrominance/ | Signal-to-noise
phase gain luminance fuminance ratio
gain inequality | delay inequality (weighted)
(degrees) (%) (%) ] (ns) (dB)
Studio + 5() £ 5() + 5(Y) + 10 48
Terrestrial circuit + 50 +10(Y) +10(Y) + 50 56(3»
Satellite system + 50 +10(") +10(") + 50
Domestic receiver +10(% +15¢) ' Q) +100 46(%

(") Statistical variable and not exceeded at least for 80% of any month.
(® Exceeded at least for 80% of any month.
(® It is assumed that the receiver distortion is equalized by manual chroma control.

(%) This assumes an unweighted signal-to-noise ratio of 33 dB, and a noise-weighting factor (including effect of pre-emphasis)
of 13 dB. The minimum performance would be achieved at the edge of the service area in the least favourable case, for 99% of
the time. .

Q) Studies have shown that these tolerances can be achieved in practice with simple filters without correction circuits in the
receiver, when the frequency deviation is about 14 MHz/V and the —3 dB bandwidth is 27 MHz. As a first approximation,
these values may be considered as constant with time.

The television signal transmission standard for the hypothetical reference circuit (2500 km) shown in
Recommendation 567 may be considered as a reference. Target performance for the part of the satellite
broadcasting chain which is to replace the terrestrial broadcasting chain is shown by example in Table IV.In
practice, the appropriate overall target performance should be established by giving consideration to its
achievability for each component and by individually investigating the distribution ratio so that the total required
cost is minimized. Report 405, Annex Il indicates that there is a possibility of another law of addition to find
overall impairment distribution between different items. Account may also be taken of the above consideration.
Further study on this matter is invited. .

The signal-to-noise ratio is a very important parameter in calculating television systems and planning
transmission networks and for this reason attention is focused on this particular parameter. In selecting the
required value of the signal-to-noise ratio, account must in many cases also be taken of other television signal
distortions. In television, the signal-to-noise ratio at video frequencies is defined as the ratio, expressed in decibels,
of the nominal peak-to-peak amplitude of the picture-luminance signal to the r.m.s. value of the noise in the
working video frequency band (Recommendation 567).

The quality of service provided by a broadcasting-satellite system (which will be substantially uniform over
the whole service area) should be higher than that recommended for the edge of a terrestrial broadcasting service
area (in which the quality is very much better at the centre than at the edge). Two grades of reception quality
(primary and secondary) are defined in Recommendation 566.

The objectives to be aimed at for reception quality for community reception should be good, to meet the
special requirements of educational programmes in television transmission and should certainly not be lower than
those considered appropriate to a terrestrial broadcasting system intended for individual viewing.



The subjective effect of noise depends upon the spectral distribution of the noise energy within the
video-frequency band. When measuring noise power, it is common practice to use weighting networks which take
account of this fact, with the result that the weighted noise power at video frequencies is lower than the total noise
power by a factor depending on the spectral distribution. For most television systems, the available weighting
networks are designed so that, for various spectral distributions of the noise, the measurements more closely
represent the subjective impression on monochrome pictures than do unweighted noise measurements; for colour
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television, the subjective effect needs special consideration.

TABLE IV

~— Example of the major television transmission
characteristic allocations for a composite video system

e Overall | AR 0| pycicipution Law of
characteristics . “g) factor addition @
. equipment

Continuous random noise
ratio (dBpp/rms) 53 48/54® 0.9 2
Periodic noise ratio:
Power supply hum
(dByprpp) 35 — /41 0.5 2
Single frenquency (dB,p/pp)
(more than 1 kHz) S5 ~/58 0.5 2
Differential gain (%) 10 10/6 0.5 1.5
Differential phase (deg.) 5 5/3 0.5 1.5
Short time overshoot (%) 15 —/8 0.5 no law
Steady-state characteristics:
Gain/frequency (dB)
(500 kHz — 4.2 MHz) +1 + 1.0/£ 0.6 0.5 1.5
Delay/frequency (ns) )
(500 kHz — 4.2 MHz) + 100 —~/% 60 0.5 15

Q]

A

e

Q)

Values shown are: minimum standard/target performance.
Minimum standard means that this is a minimum acceptable standard anywhere within the service area.
Target performance means that this is an objective for good quality achievable within the service area.

Signal-to-random noise ratio includes all sources of random noise not only from the front end but =';0
from the IF stage and video amplifiers.

The WARC-BS-77 indicated 14 dB C/N for 99% of the worst month at the edge of the service area.

This figure indicates an expected value for 50% of the time in the main part of the service area.

Overall performance D, can be calculated by using sub-system performance D; and law of addition p as

follows:

o= 3 @r]”

je=1

15
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3.2.1 Video transmission

A method of calculation of signal-to-noise ratio after demodulation
for frequency modulation television signals is given by

‘S/N = C/N + 10log{3(Dp.p/fy)?} + 10log(b/2fy) + ky (dB)

where:

S§/N: ratio of peak-to-peak luminance amplitude to weighted r.m.s. noise (dB)
C/N: pre-detection carrier-to-noise ratio in the radio-frequency bandwidth (dB)

D,,: peak-to-peak deviation by video signal (including synchronization pulses)

1 highest video frequency; (e.g. 4.2 MHz in the case of System M)

b: radio-frequency bandwidth (usually taken as D,, + 2f,) .

k,: combinéd de-emphasis and weighting  improvement factor in frequency modulation systems (dB)

(see Table V).

iFor example, in Table VI, the video signal-to-noise ratio is evaluated
using ‘the equation given above, assuming a C/N of 14 dB, and a frequency
deviation due to video of 12 MHz peak-to-peak (see Appendix 30 of the Radio
Regulations), where the highest video frequency for the system in use, fy, 1is
taken .from Report 624 and the combined de-emphasis and weighting improvement
factor, k;,, is taken from Table V.

TABLE V - Video-frequency noise weighting-network reduction factor for monochrome television

Weighting (dB) - Weighting including
de-emphasis, k,, (dB)
System . . : Triangular
White noise noise Triangular noise

B, C, E,iF, G, H and M (Japan) 8.5 16.3 : 16.3
D, K, L 9.3 17.8 18.1
1 ' : 6.5 12.3 12.9
M (Canada, USA) (1) 6.8 10.2 ) 13.8

(1) Weighting factors for 525-lines System M (Canada, USA) are based on Recommendation 567. (Values according to Report 637).

Note — When using pre-emphasis according to Recommendation 405, the combined effect of weighting and de-emphasis for triangular noise
is approximately the same as that of weighting alone. More details are given in Report 637.

Examples of the applicable video noise weighting reduction factor are given
in Table V. For further details, see Report 637.

TABLE VI - Typical video signal-to-noise ratios

System f, (MHz) | k, (dB) | S/N (dB)
M 4.2 13.8 45.5
B and G 5.0 16.3 46.1
D, K and L 6.0 18.1 45.9
I 5.5 12.9 41.7
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3.2.2 Audio transmission

The unweighted signal-to-noise ratio of accompanying audio channels, which consist of FM sub-carriers
located above the video baseband, is determined by the following equation:

S§/N, = 10 log [—3(}:) (%)2 (%)’] +‘ (1—(:;) + kg

where:
S/ N, : audio channel r.m.s. signal to r.m.s. noise ratio (dB);
D;: peak deviation of the main carrier by the sub-carrier (MHz);
D,: peak deviation of the sub-carrier by the audio (MHz);
fi: frequency of the sub-carrier (MHz);
fa: highest audio frequency (MHz);
C/ N : pre-detection carrier-to-noise ratio (dB);

k,: combined improvement factor due to pre- and de-emphasis for the audio channel (dB). (See
CMTT Report 496, Table 11, for improvement factors corresponding to various audio channel
baseband bandwidths);

b: pre-detection RF bandwidth (MHz) defined by the equation in §2.4.1.

The audio signal-to-noise ratio (after demodulation) is evaluated in
Table VII using the equation given above, assuming the same C/N of 14 dB and
frequency deviation by the composite baseband signal which is approximated to be
the deviation due to the video signal, of 12 MHz peak-to-peak.

The following system values are applied:

- Peak deviation of the subcarrier by the audio (D) : 15 kHz
at the subcarrier frequency (fg) '

- Combined improvement factor (kg) : 9 dB
due to pre- and de-emphasis for the predetection
RF bandwidth (b) as defined in §3.2.1, but
using composite baseband parameters.!

- Peak deviation (Dg) : 1.8 MHz
due to a sound sub-carrier amplitude
equal to about 30% of the total peak-
to-peak deviation of the carrier?

Examples of the audio signal-to-noise ratio value which can be expected are
given in Table VII. ’

TABLE VII - Typical audio signal-to-noise ratios

System D, (MHz) fs (MHz) b (MHz) S/N (dB)
M 0.025 4.5 21 49.7

B and G 0.050 5.5 23 54.4
D, K and L 0.050 6.5 25 53.3
I 0.050 6.0 24 53.8

1 See Report 496, Table II, white noise conditions.
2 See Report 632.
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3.2.3 Combined video and audio

Other combined video and audio modulation schemes, such as video with
multiple audio FM sub-carriers or with digital audio modulation are described in
Reports 632, 1073 and 1074. Additionally, Report 632 gives subjective results of
picture and sound quality as a function of carrier-to-noise ratio.

3.3 Influence of standards for television

To provide a television broadcasting-satellite service, the following may
be considered:

- to take into account the specific needs of the broadcasting-satellite
service as given in Recommendation 650 and Report 1073;

— to match exactly the existing standards as employed for terrestrial broadcasting in the geographic area of
interest;

— to provide a receiving device to convert the satellite signal into one usable by a standard receiver;

— to provide a receiver designed specifically for the broadcasting-satellite service.

3.4 Influence of the feeder link

The overall carrier-to-noise ratio is related to the feeder-link carrier-to-noise ratio and the down-link
carrier-to-noise ratio by a relationship which must include the two following factors [CCIR, 1978-82b]:

— the transfer characteristic of the satellite transponder,
— the statistics of rain attenuation on the feeder links and down links.

For example, to limit an impairment of the carrier-to-noise ratio,
C/N, of the down link to 0.5 dB, owing to the presence of the feeder link in
case of simultaneous fading due to rain attenuation on both links, a C/N of
24 dB is required in the feeder link. Both values, 14.5 dB and 24 dB, are
calculated for 99% of the most unfavourable month at all points within the
service area.

Where small fixed or transportable feeder-link terminals are to be employed, it may be desirable to make
(C/N), somewhat smaller in order to keep the power and cost of the feeder-links within reasonable bounds and
to reduce the interference of the feeder-link transmissions into nearby terrestrial microwave links. Further details
of this partitioning of link noise contributions are given in Report 952. '

Feeder links, including their importance in planning, are considered in detail in Reports 561 and 952.

4, System examples

The tables in this section give, purely as illustrative examples, the parameters of broadcasting-satellite
systems, using a geostationary satellite of a type that might be possible in the future. It will be observed that some
of the examples call for transmitter powers greater than those likely to be practicable for many years.
Furthermore, these examples do not take into consideration frequency sharing with other services. However, the
parameters of these examples might be modified to correspond to other possibilities which demand less satellite
power.

Nore. — Examples given are for the bands allocated by the World Administrative Radio Conference,
Geneva, 1979. Attention is drawn to the fact that different assumptions are made in the various examples,
particularly regarding the reception quality, the receiving installation (noise factor, antenna size) and the area
served as determined by the transmitting antenna beamwidth. For this reason, caution must be exercised when
comparing the transmitter powers, etc., indicated in the tables.

The way in which the values given in the tables for the transmitter power in the satellite may be modified,
if adjustment is made to any of the assumed parameters, is summarized below:
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— assuming the use of a transmitting antenna beam of circular cross section, halving the beamwidth will permit
a reduction of power by 6 dB. Doubling the beamwidth will require 6 dB more power.

— an increase in the signal-to-noise ratio, made in order to achieve better quality, will require a corresponding
increase (in decibels) in the transmitter power. Similarly a decrease will permit an equivalent decrease in the
power, but with frequency modulation, the deviation and radio-frequency bandwidth have to be lowered, if
the region of the threshold of the discriminator is approached;

— an increase in the factor of merit of the receiving system will lead to a reduction (by an equal amount in
decibels) of the transmitter power required and vice versa. :

Thus the examples, modified as desired, can serve to indicate the conditions that would be required to
enable the public to receive broadcast programmes whose technical quality would be comparable at all times with
that of the services provided in the conventional way by a network of terrestrial transmitters.

These examples derive the field strength required for certain stated receiver characteristics. Other
assumptions can be made which deal with colour television systems which will result in different required field
strengths, and different requirements for satellite e.i.r.p. The object of all of these examples is to establish a
reasonable range of satellite power output requirements for a broadcasting-satellite service.

4.1 Television broadcasting

Tables VIIIa and VIIIb present examples of community reception and indi-
vidual reception television systems, respectively, with different frequencies.

Television broadcasting standards for satellite broadcasting are described
in Recommendation 650 and Report 1073, and descriptions about multiplexed
analogue component techniques are given in Report 1074.

4.2 Sound broadcasting

Table IX presents

- alternative examples of parameters for providing a number of sound
channels each suitable for monophonic services for individual reception at 12 GHz. Stereophonic broadcasts can
be made using two (or more) such channels (see Report 632). Some sound channels could also be associated with
television programmes, additional to the sound channel transmitted as proposed in §4.1. ’

) In Germany (Federal Republic of) a digital satellite radio system (DSR)
designed for the emission of 16 stereophonic digitally encoded sound programme
channels has been in operation since 1989. The use of other systems is under

consideration. The detailed descriptions of these systems are given in Reports
955 and 1228, i :

Report 955 presents the results of studies of sateilite sound broadcasting systems operating in other bands
for individual reception.

4.3 High definition television

Descriptions of HDTV systems and examples of link parameters for HDTV
signals using broadcasting satellites in various frequency bands are given in
Report 1075.
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TABLE VIIIa - Examples of community reception television

system parameters

v L

Parameter 1 2 3 4 S 6 Remarks
1. Svsten
Frequency of carrier (GHz) 0.7 2.6 i2 12.5 22.75] 42 Note 7
Approximate equivalent
rectangular bandwidth (MHz) 19 20 27 24 40 40 Note 1
iCarxier-to-noise ratio
berore demodulation (dB) 16 15 16 14 11 11 Note 1
Additional noise of feeder
link (dB) 0.5 0.5 0.5 0.5 0.5 0.5
Required C/N (dB)| 16.5 15.5 16.5 14.5 11.5 11.5
2.R . . . llati | |
Figure of merit, G/T -4.4 5.9 | 16.5 | 14.7 | 11.6 | 11.5 | Note 2
(dB(K —1))
System noise temperature(K) 750 750 500 500 1100 1500
Antenna diameter (m) 3.4 3 1.8 1.4 0.8 0.5
Required PFD at the edge of|-116.5/-116.2{-111.3|-111.6[-104.1| -98.7| Note &
beam area (dB(W/m2)). .
3.Propagation
| spreading 1loss (dB)| 162.4| 162.4| 162.4| 162.4] 162.4| 162.4| Note 3
Additional attenuation for
propagation (dB) 0 0 o 0 2.0 2.0 | Note 4
:Rain attenuation for
99% of the worst month (dB) 0 0 1.0 1.0 4.0 8.0 | Note 4
Required e.i.r.p. from
satellite at edge of '
bem area B (dBW) 45.9 46.2 5.2-1 51.8 64.3 73.7
4.Satelljte transmitter
Antenna beamwidth (deg.) 1.4 1.4 1.4 ] 1.4 1.4 1.4 | Note S
.at -3 dB points
Antenna diameter (m){ 23.0 6.2 1.3 1.3 0.7 0.4 Note §
Antenna gain -(aBi)| 38.5 | 38.5 | 38.5 | 38.5 | 38.5 | 38.5 | Note 5
Loss in feeders,filters,
joints, etc. (dB) 1.0 1.0 1.0 1.0 1.0 1.0
Required satellite
transmitter power (dBW) 8.3 .6 ] 14.6 | 14.3 | 26.8 36.2
(W) 6.8 29 27 480 | 4200
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TABLE VIIIb - Examples of individual reception television

system parameters

Parameter 7 8 9 10 11 Remarks
1. Systgm
Frequency of. carrier (GHz) 0.7 12 12.5 | 22.75 42
Approximate equivalent i
rectangular bandwidth (MHz) 19 27 24 40 40 Note 1
Carrier to noise ratio
before demodulation (dB) 16 14 14 11 11 Note 1
Additional noise of feeder
link (dB) 0.5 0.5 0.5 0.5 0.5
Required C/N (dB){ 16.5 14.5 14.5 11.5 11.5
2.Recejving installation
Figure of merit, G/T 1 -14.0| 6.0 | 10.0 | 7.5 9.5 | Note 2
(aB(k—~1)) ‘
System noise temperature(K) - 1100 750 1100 1500
Antenna diameter (m) - 0.8 1.0 0.5 0.4
Required PFD at the edge of|-107.0|-102.8 |-106.9]-100.0|-96.7 | Mote &
-beam area (dB(W/mz))
3.Propagatjon
Spreading loss (dB)| 162.4| 162.4]| 162.4| 162.4]| 162.4] Note 3
Additional attenuation for
propagation (dB) 0 .0 0 2 2 Note 4
Rain attenuation for :
99% of the worst month (dB) 0 1 1 4 8 Note 4
Required e.i.r.p. from
satellite at edge of
beam area (dBW) 55.4 | 60.6 | 56.5 | 68.4 75.7
4.S5atellite transmitter
Antenna beamwidth (deg.)| 1.0| 1.0| 1.0] 1.0 1.0 | Note 5
at -3 dB points
' Antenna diameter (m)| 32.0 1.8 1.8 1.0 0.5 | Note S5
Anterma gain at the edge
of service area (dBi) 41.4 | 41.4 | 41.4 | 41.4 | 41.4 | Note S
Loss in feeders,filters,
joints,etc. (dB) 1.0 2.0 2.0 3.0 | 3.0
Required satellite
transmitter power (dBW)| 15.0 { 21.2 17.1 | 30.0 37.3
W) 32 130 -50 1000 | 5400

21
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Notes to Tables VIIIa and VIIIb:

(1) Required bandwidth and carrier-to-noise ratio depend on the modulation method
and signal quality.

(2) Values are "usable figure of merit" according to the definition given in Annex I
of Report 473-4. 55% efficiency and 1 dB pointing error are assumed for
calculation of antemna gain, which is usually better than the indicated value,
especially below the 12.5 GHz band because of the improvement of the receiver
noise temperature and antenna efficiency.

(3) Satellite elevation angle is assumed as 40°.

(4) Rain attenuation should be corrected by using the appropriate value for each
climate zone.

(5) Antenna beamwidth should be adjusted to the size of service area. Antenna
diameter and gain will be changed accordingly.

(6) The PFD values given here are based on calculations intended to satisfy the
required C/N for the satellite broadcasting system and will be required for 99%
of the worst month.

(7) The carrier frequency shown in Columns 5 and 10 (22.75 GHz) is an example of the
mid frequency of the band allocated to the broadcasting-satellite service in
Regions 2 and 3.

5. Other applications to existing and new services

It is agreed as a basic premisé that the introduction of these transmissions within a television channel must
not create additional interference to other systems nor require additional protection over that required for the
standard application of the broadcasting-satellite service, e.g. television transmission.

5.1 Broadcasting of data in a frequency-modulated television channel

It is now possible to envisage the use of certain television signal lines for broadcasting data in the
broadcasting-satellite service.

The introduction of these new signals should not alter the characteristics of the television channel,
the interference levels or the criteria for sharing with other services, as defined by the WARC-BS-77.

A study carried out in France showed the possibility of using this new broadcasting service within
the satellite broadcasting channel. This service uses a system of
digital modulation made up in the baseband of an NRZ binary signal frequency limited to the video band.
The bit rate is about 6 Mbit/s. The 6.5 MHz sound sub-carrier of the television signal may or may not be
superimposed on this signal.

5.2 Interactive connection

New and innovative applications of the broadcasting-satellite service in the community reception
mode were investigated in the United States and Canada using the Applications Technology Satellite-6
(ATS-6) [IEEE, 1975} and the Communications Technology Satellite (CTS-Hermes). Examples of such
applications include distribution of educational, medical, informational and other specialized material. for
example, to schools, hospitals and community centres. A more detailed discussion of these applications
including examples of particular applications are given in'[CCIR, 1974-78b].Many of these applications
are considered to fall within the definition of community reception (Radio Regulations, No. 124).

A number of the applications also had associated with the broadcasting satellite transmission. a
return communication connection — for example, to permit students in a classroom to interact with the’
remote instructor. In some cases this return or “interactive” link utilized satellite transmission. It is
expected that the majority of such interactive links will consist of one or more sound channels.
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TABLE IX. - Examples of system parameters for sound broadcasting
for individual reception

Parameter 1 2 3 4 5 6 Remarks
1. System : ) Note 6|Note 6
Frequency of carrier (GHz) 12 12 12 12 12 12
Type of modulation FM FM/FM| 4-PSK| 4-PSK| 4-PSK| 4-PSK
Sound frequency bandwidth
(kHz) 15 15 15 20 15 15
Sampling frequency (kHz) 32 48 32
Number of sound channels 1 12 48 24 96 32 Note 1
Coding law ‘ ' 14/10|linear ADM 16/14
NIC 16bit|Note 7 float.
point
Transmission bit rate
(Mbit/s) 24.6 24.6 20.48
Approximate equivalent
rectangular bandwidth (MHz)| 0.18 22 27 27
Carrier to noise ratio Note 3
before demodulation (dB) 19 14 15.1 15.1 82
Note 2{Note 2 (C/No)
Additional noise of feeder .
link (dB) 0.5 0.5
Required C/N (dB)} 19.5 14.5 15.6 15.6
2.Receiving installation Note 8
Figure of merit (dB(K '1» 4 4 12.0 3.0
Required PFD at the edge, of .
beam area (dB(W/m?)) | -118 | -103 -110.3 -103
Received C/N (dB) 16.4 Note 4
C/No (dB) 85 Note 5
3.Propagation
Spreading loss (dB){ 162.4| 162.4 162.4 162.4
Additional attenuation for
propagation ) (dB) 0.5 0.5 0.2 0.5
Rain attenuation for
99% of the worst month (dB) 1.5 1.5 2.0 2.0
4.Satellite transmitter
Antenna beamwidth (deg.)| 1.4 1 1.6x0.7
Antenna gain (dB) 38 - 41 37 40.9
Loss in feeders,etc. (dB) 1 1 2.5 2
Transmitter power (dBW) 10 23 20 23.6
. W) 10 200 100 230
E.i.r.p. from satellite at
47 63 54.5 62.5

edge of beam area (dBW)

NIC: Near Instantaneous Companding.
(") Monophonic channels.

(®) C/N for Nyquist bandwidth required to obtain BER of 10-7 (before error correction).
() For a BER of 103 (before error correction) corresponding to an excellent sound quality.
(‘) C/N obtainable with a receiver having Nyquist bandwidth. Difference between required C/N and received
C/N may be assigned as a margin in receiver design. In the case of 27 MHz bandwidth necessary for the
reception of television signal, C/ N will be about 14 dB with parameters given in this table.
(®) The margin between received and required C/ N, may be used to further reduce the antenna size.
(®) These are possible system parameter variants based on the sound channel transmission used in the system
described in § 2.3 of Report 1073. This system also specifies parameters in the first column of this table which

conform to Recommendation 651.

(") Equivalent to use of adaptive delta modulation (ADM) coding described in Report 953.
(®) Corresponding to a 40 cm dish for sound-only reception.

23
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5.3 Conditional access broadcasting

A -new application of the broadcasting-satellite service is the distribution of selective-access
television programmes. This has led the French Administration to study a baseband scrambling technique
which meets this requirement [CCIR 1978 -82c].

If the signal subject to scrambling is to remain in conformity with the characteristics of the 625-line
standard, the scrambling system selected must retain the line structure of the television picture. The vertical
components of the picture must therefore be destroyed so that even if absolute secrecy is not ensured the
-picture is sufficiently complex to discourage any attempt at deciphering.

This is achieved by introducing transformations in each television line fol]owmg a pseudo -random
sequence moving at the line pulse rate and initiated by each field.

Thé target receiver(s) is selected by means of keys (known as “service keys™) comprising words of
18 bits which determine the pseudo-random sequence. .

“The equipment which has been under s;udy for some years has been developed into integrated
systems for use on analogue (CCD) or digital circuits which permit effective scrambling of the picture.

5.4 Integrated service digital broadcasting

Developments of digital technology in the field of broadcasting permit
digital information to be transmitted either exclusively or in association with
the main signal. A broadcasting-satellite channel is an appropriate medium for
this purpose. Its high transmission quality and capacity is suitable for integrated
use of various kinds of information to keep high flexibility and efficiency. It is
necessary to take into account not only possible compatibility among all broadcastmg
media ‘but also between other commnication services and packaged media.

Study Programme 2N/10-11 dec1des to study the determination of the
technical composition of services and specification of the technical parameters
for ISDB so as to permit highly flexible and efficient operation .using a
broadcasting satellite television channel and to facxhate the design of cost
effective systems (See Report 1227).

6. Additional functions for broadcasting and spacecraft operatiohs

6.1 Narrow-band cueing channels

In an operational system using transportable feeder-link stations, a need may be identified for
independent SCPC type cueing channels transmitted using the same satelhte transponder as the related
television signal. A minimum of two of these narrow-band SCPC channels would seem to be necessary for
cueing and talk-back. Since the antennas of the feeder-link stations are likely to be larger, these
SCPC channels would be transmitted at lower power in order to limit the in-band intermodulation. The
transmission of these cueing channels needs to be further studied as to the possibility of accommodating
them within the Plans and the possible impact on:the quality of transmission.

6.2 Spacecraft service functions

The Radio Regu'lations, No. 25, states that the accommodation of spacecraft service functions (TTC) will
normally be provided within the service in which the space station is operated. For the broadcasting-satellite
service this means within the satellite broadcast down-link and corresponding feeder-link bands, including the
possibility of using the guard bands. The service functions to be provided are summarized in Table X.
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TABLE X — Basic spacecraft service functions
Function Notes
Earth-to-space:
— telecommand Non-continuous low data rate transmission
-~ ranging Non-continuous tone or code ranging
— satellite antenna tracking Continuous RF-sensing, on CW or swept carrier

(e.g. residual carrier of telecommand signal) &

Space-to-Earth:

— telemetry . Continuous low data rate transmission
— ranging Non-continuous tone or code ranging
— earth station antenna tracking - . Continuous, on residual telemetry carrier or swept carrier

" Measurements made on the TDF-1 satellite have shown that a boresight error circle of 0.01 degree radius can be achieved in the
pointing of the transmitting antenna through RF sensing of a ground beacon [CCIR, 1986-90b].

While it may be desirable to use part of the broadcast frequency assignments for TTC services exclusively,
it may not be feasible to do so from the operational and technology viewpoint. This implies that for certain-
phases during the lifetime of any broadcasting satellite, different frequency bands may have to be used.

The assignment of specific spacecraft service channels within the broadcast down-link and feeder-link
frequency bands will have to be performed in close consultation with the broadcast channel frequency and
polarization assignments to ensure compatibility with technological constraints and system operation constraints.
Moreover, such assignments will have to be compatible with the broadcast transmissions and must not cause
non-permissible interference into other services which share these frequency bands. These considerations suggest
that appropriate sharing criteria may have to be developed. More detailed information on the accommodation of
spacecraft service functions within the guardbands of the broadcasting-satellite service is contained in Report 1076.
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CCIR Documents
[1974-78]: a. 11/419 (France); b. 11/3‘96 (UsA)
[1978-82]: a. 10-11S/117 (Japan); b. 10-11S/175 (Canada); c. 11/265 (France)

[1986-90): a. 10-11S/8 (JIWP 10-11/3); b. 10-11S/139 (France)

ANNEX I

VISIBILITY TIME FOR THE SATELLITE

A satellite with a period of 12 hours, in an elliptical orbit having a plane inclined at about 63° to the
equatorial plane and an apogee of 40000 km well north of the equator, can provide a larger area of coverage in
the northern hemisphere than a geostationary satellite. The use of several satellites in such orbits can provide an
uninterrupted service. The times of visibility of one satellite are given in TABLE XIIfor a particular latitude (60°N)
of the receiving point, and a particular minimum angle of elevation (20°). In theory, because of the non-spherical
shape of the Earth, an inclination of the orbit of 63.4° would ensure that the major axis does not drift in the
plane of the orbit, and, therefore, that successive apogees will occur at the same terrestrial latitude.

TABLE X1 - Visibility times for satellites in stationary and sub-synchronous circular equatorial (non-retrograde) orbits

. Passes Approximate periods of visibility above
Approximate Altitude per day the horizon per pass (h)

period (km) over a

(h) given

point At equator At *15° lat. At *30° lat. At +45° lat.

24(Y 35 786 Stationary Continuous Continuous Continuous Continuous
12 20 240() 1 10.1 10.0 9.9 9.3

8 13 940(3) 2 4.8 4.7 4.6 4.2

6 10 390(3) 3 3.0 2.8 2.5

3 4190() 7 1.0 0.9 0.6

(') Exactly: 23 h 56 min 4 s.
(®) Approximate values.

In the example of TABLE XII, the minor axis of the orbital ellipse is assumed to be parallel to the equatorial
plane. The maximum period ot visibility from a given point on the Earth at latitude 60° (10.6 hours) is then

obtained when the apogee is at the same longitude as the point.

TABLE XI1 — visibility times of a satellite in a typical elliptical orbit inclined at about 63.4°

: Approximate periods of visibility per pass (h) over a
Approximate Approximate Approximate reception point at 60° latitude, with an angle of elevation
period apogee perigee of the receiving antenna greater than 20°
(h) (km) (km)
Maximum Minimum
12 40 000 500 10.6 4.5
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ANNEX II

MEASUREMENTS OF ATMOSPHERIC ATTENUATION AND DEPOLARIZATION
AT FREQUENCIES OF INTEREST TO THE BROADCASTING-SATELLITE SERVICE

Extensive measurements of sky noise temperature at 11.5 GHz covering the European region, have
been carried out by the European Space Agency for.a number of years. Atmospheric attenuation was
expected to vary with the angle of elevation and with the local climate. However, in the European region
and for the range of angles of elevation, (from 20° to 45°) covered by the experiment, these dependencies
are so small that they need not be taken into account when compared with the random year-to-year
variations in attenuation values. The values of the worst-month attenuation obtained from the measure-
ments are listed inTable XIII. For system planning, it is proposed to use the median values, corresponding
to the worst month in an average year.

TABLE XIII — Worst-month attenuation at 1i.5 GHz (Europe)

Attenuation not exceeded during
Time fraction worst months (dB)
(%) - -
90% value median value 10% value

20 0.3 0.4 0.6

5 0.4 0.6 0.9

1 0.9 1.1 1.4
0.3 1.2 1.8 2.4
0.1 1.5 3.3 6.0
0.03 3.1 7.3 11.0

For Region 3. measurements of atmospheric attenuation in the 12 GHz band have been carried out
using the broadcasting satellite for experimental purposes (BSE) in Japan and using a radiometer in
Malaysia, which are situated respectively in the moderate and tropical climate areas in Asia. The results
are summarized in Table XIV. While the data presented should be regarded as provisional, they may be
considered useful until more precise data become available.

TABLE XIV - Worst month attenuation observed at 12 GHz in Japan and Malaysia

Attenuation not exceeded during
the worst month (dB)

Location of .
measurement Period 99% of the 99.9% of the
worst month in worst month in
an average year an average year
12 locations in Japan g:f::‘tbiﬁsg;g 2.4 6.9

October 1970 to

Klang in Malaysia November 1972 1.7 8.7
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The values in Japan in Table XIV are medians of the data in the worst months for 12 to 14 months
in 12 locations, which have been distributed all over Japan, angles of elevations ranging from about 30°
to 60°. Measurements in Malaysia were corrected with respect to an elevation angle of 45° by using the
cosecant law [CCIR, 1978-82a].

Measurements of rain attenuation at -11.7 GHz were carried out at Greenbelt, Maryland and
Rosman, North Carolina in the United States by the NASA/Goddard Space Flight Centre by monitoring
the beacon on the Communications Technology Satellite (CTS). Measurements commenced at Greenbelt,
Maryland in June 1976 and were completed in the fall of 1979. The elevation angles to CTS from
Greenbelt and Rosman are 29.5 and 36 degrees respectively.

Measurements of rain attenuation at 20 GHz and 30 GHz were also carried out at Rosman using
the ATS-6 satellite {Ippolito, 1975].

Table XV summarizes the results of these measurements for the two worst months of the measure-
ment period.

TABLE XV — Rain attenuation observed at 11.7 GHz (CTS) and 20 and 30 GHz (ATS-6)
in Maryland and North Carolina, USA

) F One-minute mean attenuation (dB),
Location rz:g\;lezn)cy Month not exceeded during month
for given percentage of the time
- 99%, 99.9% 99.99%,

Greenbelt 11.7 - June, 1976 <l 1.6 9.2
(Maryland) August, 1976 <1 5.4 15.6
Rosman 117 July, 1976 I 1.8 8.3
(North Carolina) 20 ! July, 1974 1.5 11.0 - >20

A 30 : July, 1974 24 19.5 . >35

In 1978-1980 attenuation and cross-polarization measurements were carried out by CNES-TDF
(France) in: Brittany (11 700 hours) and near Paris (3500 hours) receiving 11.8 GHz circularly polarized and
11.6 GHz linearly polarized beacon signals respectively from the OTS satellite [CCIR, 1978-82b]. Attenua-
tion values not exceeded for 99% and 99.9% of the worst month were 1.8 and 4 dB respectively for Paris
and 1.5 and 3 dB respectively for Brittany. Polarization isolation of the circularly polarized beacon was
only above 20 dB for 99.9% of the worst month and 99.99% of the entire measurement period, and was
never less than 30 dB for the linearly polarized beacon. '

Also, depolarization measurements were taken with the CTS satellite launched in 1976 in the
12 GHz region, using both circular and vertical polarization. Actual measurements statistics from this
programme have been analyzed in Report 564.
REFERENCE

IPPOLITO, L.J. {November, 1975] ATS-6 millimeter wave propagation experiments at 20 and 30 GHz. IEEE Trans. Aerospace
Electron. Systems, Vol. AES-11, 6, 1067-1083.
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ANNEX TII

EXAMPLES OF SOLAR INTERFERENCE
TO A SATELLITE BROADCASTING SYSTEM
AS MEASURED DURING THE BSE EXPERIMENT

Figure 3 shows the degradation of carrier-to-noise ratio due to solar interference to the receiving system
with a 1.6 m antenna and frequency of 12 GHz, bandwidth of 27 MHz, receiver noise of 650 K and antenna
efficiency of 55%.

Maximum degradation due to solar interference is 6.7 dB and the longest time of degradation exceeding
1 dB is 8.4 min. Accumulated time of degradation is 32.8 min. through one period of interference.

) For antennas of other sizes, maximum degradation, maximum duration of degradation and accumulated
degradation time are as shown in' Table XVI.

TABLE XVI
Antenna Maximum Maximum Curmulative
diameter degradation duration duration
(m) (dB) (min) (min)
1.0 3 9.8 533
2.5 ‘ 7 5.8 | 17.5
4.5 : 8 4.0 8.6
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FIGURE 3.-Anexample of solar interference to a receiving system with an antenna
of 1.6 m diameter, measured in BSE experiment, during one solar interference period

(Numbers adjacent to curves refer to the dates in March, 1980 on which the
measurements were taken) .
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REPORT 1073-1

TELEVISION STANDARDS FOR THE BROADCASTING-SATELLITE SERVICE

(Question 2/10 and 11, Study Programme 2F/10 and 1)
(1986-1950)

1. Introduction

The present Report briefly describes in a comparative manner the basic characteristics of some of the
systems which have been developed for television transmission with sound and data services for satellite
broadcasting. Recognizing that there are advantages in reducing the number of modulation methods and the
differences in the characteristics of these modulation methods, the basic parameters of each system were used to
produce tables which stress the similarities between systems. Only fully specified systems adopted, or being
seriously considered for adoption, by at least one administration, were considered in these tables. The detailed
specifications of these systems are contained in a separate CCIR publication (Specifications of transmission systems

for the broadcasting-satellite service).

Special considerations should be given to those systems that have adopted the general principle of
time-division multiplexing since it permits an improvement in the quality of the signals by eliminating, in
particular, the problems of intermodulation and cross-colour. A time-division multiplex structure also permits
subsequent compatible introduction of further services or further improvements to the quality of the basic services.
For example, wide-screen aspect. ratio pictures can be transmitted. Displays of the 4:3 type can present the most
interesting portion of the picture, selectable by a digital data signal. Further details are given concerning these
improvements to the vision signal in Report 1074,

All systems described in this Report apply digital techniques for the sound (and for the data) in order to
utilize to the greatest possible extent the capacity made available by the channels defined by the WARC-BS-77
and the RARC SAT-83, taking into account if necessary the need for direct translation on distribution networks
with narrower bandwidths. The use of a sound/data multiplex (associated with the service-identification system)
making available the capacity required, and at the same time the maximum flexibility, is also a very important
asset. Possibilities of scrambling the signal for secure transmission and controlled reception are increasingly
viewed as an important feature of such systems.

This Report presents a short summary of the main features of each of the fully specified systems
considered. It is followed by tables listing values for the main characteristics of each system.

2. Summary description of the systems

2.1 MAC/packet family

The MAC/packet family of standards has three members all suited to
satellite broadcastlng C-MAC/packet, D-MAC/packet and D2-MAC/packet.
These systems have been optimized under different constraints and meet the various
broadcasting-satellite service requirements in the 12 GHz band when the 625 line standard is used with a satellite
channel of 27 MHz bandwidth. '




Rep. 1073-1 3

The systems incorporate the following common features:
— time division multiplexing;
— MAC picture coding, with the capacity for extended aspect ratio (see Report 1074);
— packet multiplexing for sound and data; ‘

— digital high and medium quality sound coding and error protection method (see Recommendation 651 and
Report 632);
— service identification and conditional access systems with video and audio scrambling [CCIR, 1986-90a, b].

— full channel digital mode, when the area of the television frame normally
reserved for the MAC vision signal (and its blanking interval) is replaced
by data burst (see Report 1228).

The clock frequencies used in these ttree systems have simple relationships with the sampling frequencies of the
digital studio standard defined in Recommendation 601.

This close relationship between these systems allows for the development and introduction of
receivers capable of functioning with -all of the standards.

211  C-MAC/packet

The C-MAC/packet system was, in part, developed to provide a high data channel capacity.
The particular features of the C-MAC/packet system are:

— the use of an RF time division multiplex wherein the carrier is frequency modulated by analogue
picture signals during a certain fraction of line duration and 2-4-PSK modulated during the remainder -
of the line duration by a multiplex conveying several sound channels, synchronization and data -
signals;

— the capacity of the sound/data multiplex is about 3 Mbit/s, equivalent to eight high quality sound
channels of 15 kHz bandwidth with near instantaneous 14/10 bit companding (protected by one parity
bit per sample). The spare data capacity can be used for other services.

The C-MAC/packet system was adopted by the United Kingdom in 1983 and by Finland; Iceland,
Norway and Sweden in August 1984 * for broadcasting-satellite services.

2.1.2 D-MAC packet -

The D-MAC/packet system was, in part, developed to provide both a high
data chamnel capacity and a single baseband interface to other transmission and
distribution media. -

The particular features of the D-MAC/packet system are:

- a baseband time division multiplex in which the analogue picture signals are
combined with duobinary encoded digital sound, synchronization and data

signals;

- the capacity of the sound/data multiplex is about 3 Mbit/s, equivalent to eight
high quality sound channels of 15 kHz bandwidth with near instantaneous 14/10
bit companding (protected by one parity bit per sample). The spare data
capacity can be used for other services;

- the single baseband representation of the time division multiplex signal is
frequency modulated for satellite broadcasting.

*  The adoption was also supported by the Administration of Denmark.
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The D-MAC/packet system has been under further investigation by experts-
of a number of organizations and has been shown to be also suitable for satellite
broadcasting.

As a result of these developments, the United Kingdom now intends to use
the D-MAC/packet system for broadcasting-satellite services.

2.1.3 D2-MAC/packet

The D2-MAC/packet system was, in part, developed to provide a single baseband interface to
other transmission and distribution media.

The particular features of the D2-MAC/packet system are:

— a baseband time division multiplex in which the analogue picture signals are combined with
duobinary encoded digital sound, synchronization and data signals;

— the capacity of the sound/data multiplex is about 1.5 Mbit/s, equivalent to four high quality 15 kHz
sound channels with near instantaneous 14/10 bit companding (protected by one parity bit per
sample). The spare data capacity can be used for other services;

— the single baseband representation of the time division multiplex signal is frequency modulated for
satellite broadcasting.

The Federal Republic of Germany and France have adopted the D2-MAC/packet
system for operational use with their broadcasting-satellite services (TV-SAT and
TDF-1)* when implemented.

2.2 B-MAC systems

Two closely related implementations of the B-MAC system have been developed for 525 and 625 line
apphcanons Both systems are well suited to use in broadcasting-satellite serv:ce applications in the 12 GHz band
using either 24 MHz or 27 MHz channelling.

~The B-MAC signal is a baseband time division multiplex comprising analogue picture signals combined
with a four (or two) level data burst containing digital sound, synchronization and data information.

Vision signal coding is performed using the same time compression factors as the C-MAC/packet and
D2-MAC/packet systems. The clock frequencies of 625/50 and 525/60 B-MAC systems are the same multiples
of the relevant line scan frequencies to permit use of the same integrated circuit devices for both systems. In the
525 line version the clock frequencies are simply related to the NTSC sub-carrier frequency, facilitating simple
transcoding to NTSC. Both B-MAC systems can be configured to permit transmission of pictures with 16:9 aspect
ratios.

The B-MAC systems provide a total data capacity of about 1.6 Mbit/s. This can be used to provide six
high quality 15 kHz audio channels using adaptive delta modulation which features error concealment and parity
protection (see Report 953); alternatively these channels may be configured as 204 kbit/s data channels. A utility
data channel makes use of spare capacity in the data multiplex.

Included in the B-MAC structure is a conditional access system based on line translational scrambling for
video, and data encryption for digital audio. Because of the high degree of commonality between the 625 and 525
line B-MAC systems it will be possible to develop a single receiver capable of receiving either B-MAC system.

The B-MAC system provides a single baseband interface to other transmission and distribution media.

The 625 line B-MAC system has been adopted in Australia for the Homestead and Community
Broadcasting-Satellite Service (HACBSS) which commenced operation in October 1985.

The 525 line B-MAC system is under active consideration by the Direct Broadcasting Satellite Association
and-the Advanced Television Systems Committee in the United States and also by Canada.

*  Direct broadcasting 12 GHz band satellites of the Federal Republic of Germany
(TV-SAT) and of France (TDF-1)."
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23 Digital sub-carrier/NTSC system

In this system a digital sub-carrier is frequency multiplexed with the conventional NTSC vision signal. It
has been developed for use in the broadcasting-satellite service. :

The vision parameters of the system are based on those of system M/NTSC described in Report 624, thus
the system is compatible with the terrestrial vision standard.

The sound/data signals are carried on a 5.73 MHz sub-carrier using differential 4-phase shift keying. This
sub-carrier, together with the vision signal, frequency modulates the main carrier. The data capacity of the system
is about 2 Mbit/s. This can provide four 15 kHz high quality audio channels using 14/10 bit near instantaneous
companding, or two 20 kHz very high quality channels through the use of 16 bit linear coding. An additional data
channel is also provided in both cases. Both schemes use BCH (63,56) coding error protection.

This system was adopted by the Japanese Administration in 1982 for use with its operational broadcasting-

satellite service. This service commenced operation in May 1984 using BS-2a; it conforms to the WARC-BS-
77 Plan.

Detailed specifications have been defined for the data channel, the
capacity of which varies from 224 to 1 760 Kbps depending on the mode of sound
transmission. A packet multiplexing scheme is used for the data channel (see
Report 954, section 4.1) [CCIR, 1986-90c].



TABLE | — Visionfdata mul!ipiex structure

Parameter/System MAC PACKET SYSTEMS B-MAC B-MAC Digital sub-carrier/
e D D2 . (625 line) (525 line) NTSC
1.1 Modulation frame frequency (Hz) 25 29.97
2
2 1.2 Number of lines per picture (frame) 625
£
é 1.3 Line frequency (Hz) 15625
s
H 1.4  Number of time increments per line 1296 1365 -
4O
]
1.5 Nominal reference clock frequency (MHz) 20.25 21.328 21.477 -
1.6 Multiplexing principle ?ig;?xency Baseband Sub-carrier
1.7 Vision coding Time multiplexed analogue components Composite (')
1.8 Nominal transmilted vision bandwidth (MHz) 84(%H 1503 6.3(0) 4.5
E 1.9 Nominal vision amplitude (V peak-to-peak () 1.000
g .
] 1.10 Dala codin See § 4.2 : uaternary/binary (* See § 4.2
5 ’ of Table IV Duobinary @ v/ ) of Table [V
&
2 111 Symbol rate (Mbaud) 20.25 10.125 711 7.16 2.048
.12 Occupied data spectrum (MHz) Not 10.0 5.0 741 ¢) 7.16 () 1.2
applicable
foal dat s ; akto-neak) (3 Not ’
1.13  Nominal data amplitude (V peak-to-peak) (°) applicable 0.800 0.800 0.770 See Table IV
1.14 Number of bits per symbol 1 2/1 (Y 1

-day '

L=€L0 L



TABLE 1 (continued)

relative to clamp level on one line per field
in the VBI

rejative to clamp level on one line per field
in the VBI

. MAC PACKET SYSTEMS B-MAC B-MAC Digital sub-carrier/
Parameter/System (625 line) (525 line) NTSC
C D D2
1.15 Instantaneous bit rate (Mbit/s) 20.25 10.125 14.22/7.11 (%) 14.32/7.16 (*) 2.048
5w 1.16 Multiplex description () Flexible (7) Rigid -
§ S 1.17 Basic frame multiplex configuration See Fig. 1 -
1.18 Basic line multiplex configuration See Fig.2(a) | See Fig.2(v) See Fig. 3 See Fig. 4 -~
1.19  Synchronization principle Digital code word Vision: (')
: Data: digital code
word
1.20 Clock recovery Recovered from data 10 cycle (20 symbol) reference burst on -
each line
" 1.21 Line synchronization 6 bit word Not applicable Q)
!
(=1
2 1.22 Frame synchronization 64 bit word in line 625 1 131 symbols in line 2 (f) 16 bits/data frame
53
o
[=4
s 1.23 Reference level for video and data clamping Constant level Avcrage level of 20 symbol (binary) Vision: (')
‘T reference burst in HBI Data: irrelevant
=4
1.24 Clamp period (us) 0.75 2.81 2.79 ..
________________________________________________ Vision: (')
' . Data: irrelevant
(number of clock periods) 15 60
1.25 AGC reference level (V) () + 0.500 —0.500

-doy

i—gLol

S¢
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Footnotes to Table I

(') The system is based on baseband characteristics of the M/NTSC system (see Report 624).

(® In each case this bandwidth is below the limit imposed by the sampling frequency (see Report 1074).
(%) All voltages are measured with respect to a 75 Q load.

(%) Two data coding implementations are possible. Firstly a quaternary system with 2 bits per symbol and secondly.a more
.rugged binary code. .

(®) Before transmission, the spectrum is intentionally bandwidth-limited by 6.3 MHz filtering.
(°) The multiplex structure may be compatibly reconfigured for full field data. ,
(") By description of each component in terms of time increments and line numbers in line 625.

(® This is line two of the B-MAC format, equivalent to PAL line 625.



TABLE 11 — Vision coding

Es— Ey= —0299 E}x — 0587 E;; + 0.886 Ej

, . B-MAC B-MAC Digital sub-carrier/
Parameter/System MAC packet C, D, D2 (625 line) (525 line) NTSC
2.1 Scanning method Left to right, top to bottom
2.2 Active lines per frame 574 483
2.3 Spare lines per frame (available for additional services )
and test signals) 47 21738 (") 24
2.4 Interlace ratio 2:1
4 2.5  Aspect ratio 4:3 ) 4:3
E
3 2.6.1 Assumed gamma of display 2.8 2.2
a 2.6.2 Overall gamma 1.2 1.0
o : 4
b . i
> 2.7  Primary colour chromaticities: x y.
P Red: 0.67 033
S Green: 0.21 0.71
v} Blue: 0.14 0.08
2.8 Chromaticity coordinates for equal primary signals Illuminant Dgs [lluminant C
- ER=Eg= Ej : . x = 0.313, x = 0.310,
y = 0329 y = 0316
2.9 Luminance signal equation Y= 0299 Ex + 0587 Eg + 0.114 E;,
2.10 Colour difference signal equations ER — Ey = 0701 E}R — 0587 Egz — 0.114 E} E}y= —-027(E3 — EY) + 074 (EXR - EY)

Ep =041 (E — EY) + 048 (Ek — EY)

-doy
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TABLE 11 (continued)

Parameter/System MAC pack et ¢, D, D2 (22'2/1]?“2) (?2'241'?“(;) Digitall\?%tg-éarrier/
2.11  Number of clock periods 696 750 Not applicable (*)
2.12 Compression ratio |
° 2.13 Nominal sampling frequency (MHz) 13.500 14.219 ‘14.318
51
g 2.14 Uncompressed bandwidth (MHz) (nominal) 5.6 (%) 50(% 42 4.5
3 2.15 Reference black level (V) (%) —0.500 relative to clamping level Not applicable ()
2.16 - Transmitted luminance signa! equation (V) (%) —-0.500 + E¥%
2.17 Amplitude range (V peak-to-peak) (°) " From ~0.500 to +0.500
2.18 Number of clock periods 348 375
2.19 Compression ratio
g 2.20 Sampling frequency (MHz) 6.750 7.109 7.159
c
g 2.21 Uncompressed bandwidth (MHz) (nominal) (%) 2.4 2.1
3
2.22  Zero chrominance reference level (V) (%) 0.000 relative to clamping level
2.23 Transmitted chrominance signal equations (V) (°) Epp = 0733 (E5 — EY) Ephpg = 0.694 (Ep — EY)
nr = 0927 (E% — EY) Epg = 0926 (Ex — E%)

-doy
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TABLE 11 (continued)

B-MAC B-MAC Digital sub-carrier/
Parameter/System MAC packet C, D, D2 (625 line) (525 line) NTSC
2.24 Amplitude range (’) (V peak-to-peak) () From —0.500 to +0.500
g‘é 2.25 Sequential transmission E g transmitted on odd active lines of each field Not applicable (%)
s pr transmitted on even active lines of each field
g .
2 226 Vertical pre-filtering (%) Filter parameters left to choice of 0.25, 0.5, 0.25
6 broadcaster
2.27 Coincidence between luminance and chrominance Chrominance is transmitted one line before associated luminance
B
2% 2.28 Scrambling process for conditional access Double cut component rotation or single Line translation Under consideration
g cut line rotation
&

(') The lesser figure pertains to a full conditional access system.
(*) The systems can also provide for an aspect ratio of 16 : 9.
() The system is based on baseband characteristics of the M/NTSC system (see Report 624).

(*) This bandwidth may be extended to approach the Nyquist bandwidth (e.g. to accommodate a 16 : 9 aspect ratio).
(°) All voltages are measured with respect to a 75 Q load.
(%) This bandwidth will be limited in the encoder by a filter designed to minimize ringing.
(") The chrominance signalé accommodate 75% saturation and 100% amplitude colour bars.
(¥) A 0.5, 0, 0.5 filter should be used in the receiver.

-day
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TABLE III — Data multiplex structure

binary sequence at data channel level
synchronized on modulation frame

Parameter/System C-MAC/packet D2-MAC/packeét (22'2"]’;2) (?Z'SMI?HE) D’g“a'rj;’,g‘(‘;a"'e’/
D-MAC/packet

3.1 Useful data burst (bits/line) 2 x99(H 99 102/51 (%) -

3.2 Type of multiplex Packet Continuous Continuous for sourd
» packet for data
k3
g 3.3 Organization 2 x 82 packets of 82 packets of 6 channels of 6 channels of Data frame
o 751 bits/frame (') 751 bits/frame 203 kbit/s plus 204.5 kbit/s plus comprising
g one channel of one channel of 32 columns of
s 62.5 kbit/s 62.9 kbit/s 64 bits each
S
g 3.4 Mean data rate (Mbit/s) 3.08 (%) 1.54 () 1.59 1.60 2.048
£ (2 x 2050 packet/s) (2 050 packet/s)
@]

3.5 Scrambling (for conditional access) By addition of mod. 2 of pseudo-random Not disclosed Under consideration

oYy
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TABLE I (continued)

B-MAC

Sound coding

i .. _carrier/
Parameter/System C-MAC/packet D2-MAC/packet (2224]’;12) (525 line) Dlgltalrs;lgéarrler
D-MAC/packet
3.6  Audio sampling frequency 32 kHz for high quality (HQ) Basic audio rate
(for high quality)
16 kHz for medium quality (MQ) 203 kbit/s 204.5 kbit/s 32 kHz
Step size control or
7.8 kbit/s 7.9 kbit/s 48 kHz
Empbhasis control
7.8 kbit/s 7.9 kbit/s
3.7  Audio pre-emphasis CCITT Recommendation J.17 Adaptive 50/15 us
3.8  Audio coding method Linear 14 bit/sample (L) Adaptive delta modulation 14/10 near
or (see Report 953) (‘0) instantaneous
or

near instantaneous 10 bit/sample (1)
Coding range: 5 levels

16 bit linear

3.9 Protection

Protection range: 2 levels

1 — first level by 1 parity bit per sample;
or 2.33 bits per 13 bit block Bs(gé (6329
2 — second level by 5 bit Hamming code ’
per sample i
3.10 Packet rate per monophonic or stereophonic channel MQ mono | HQ mono | HQ stereo Not applicable
(packets/s)
H 253 503 - 1003
L1 336.3 669.7 13363
12 3363 669.7 13363
L2 447.4 8919 . 17808

3.11 Identification of coding method

Explicit by interpretation blocks

Not applicable

Control code

3.12 Maximum number of high quality monophonic audio

channels

6/3 (%)

4 (15 kHz)
or
2 (20 kHz)

-doy
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TABLE 111 (continued)

Parameter/System

C-MAC/packet D2-MAC/packet

D-MAC/packet

B-MAC © B-MAC
(625 line) (525 line)

Digital sub-carrier/
NTSC

Service
identification

Service identification data location

1 line per frame in VBI and data channel
0 of packet multiplex

2 lines per frame in VBI

Service description data organization

Data groups, commands and parameters
carried by packets

Not applicable

Under consideration

Conditional access

Control of descrambling

Control word for initialization of
pseudo-random binary sequence

Not disclosed

Secret information

Authorization keys per service
Distribution key per subscriber

Not disclosed

3.17

Entitlement checking and management

Encrypted control words and
authorization keys are broadcast in the
data multiplex

Not disclosed

Addressing rate (addresses/h)

150 000 per kbit/s

1 000 000

3.19

Maximum number of addresses

64 x 10°

256 x 10°

Under consideration

Data Broadcasting

3.2

Teletext coding

CCIR Teletext Systems A,B
[CCIR, 1986-

31

Protection

Protsction range: 2 levels

1~ CRC within teletext deta block
(2 teletext data blocks/packesz)

2- CRC within teletext data blosck

plus (24,12) Golay code FZIC overall

(1 protected teletext data block/
packet) .

3.2

Identification of codirg method

Set by parameter (DCINF), 4in”the Servid

ce Identification channel :

(") In assembling the packet multiplex, two data bursts can be utilized as a single entity.
(*) Two data coding implementations aré possible: firstly a quaternary system with 2 bits per symbol and secondly a more rugged binary code.
(%) The multiplex structure may be compatibly reconfigured for: full field data. -

(*) Report 795 contains a description of a sound system under development in the United States which

modulation for sound coding.

transmits four charmels of directional information in two discrete chamnels using adaptive delta

k4 4
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TABLE 1V — Modulation parameters

C1-€L01

Parameter/System C-MAC/packet D2-MAC/packet B-MAC B-MAC Digital sub-carrier/
o (625 line) (525 line) NTSC
D-MAC/packet
4.1 Nominal channel bandwidth (MHz) 27 24 27
4.2  Data signal modulation 2-4-PSK 40-DPSK-FM
FM

4.3  Vision signal modulation FM FM

4.4  Polarity of frequency modulation Positive

4.5  Reference level frequency position Exactly centred in channel -

46 DC component Preserved a.c. coupled
£
g 47  Frequency deviation (MHz/V) 13.5 16.5 17.5 17.0 (")
<
<.
e 48  Pre-emphasis characteristic ) 1 + jf/h CCIR
S B = H() = 4 1+ if/f Recommendation 405
=
'§ 4.9  Pre-emphasis parameters A4: 0.7071
=

) /i (MHz) 0.84 1.87
/£ (MHz) 1.50 . 3.74
4.10 Energy dispersal (kHz) 600
Triangular frame synchronous waveform
4.11  Sub-carrier frequency (MHz) Not applicable 57272 (%)
4.12 Frequency deviation of main carrier by sub-carrier Not applicable + 3.25
(MHz)

(') This refers to video only deviation, i.e. without the sub-carrier.

(%) The sub-carrier frequency has been determined to be 8/5 times the nominal colour sub-carrier frequency considering the margin of the filter characteristics to avoid mutual interference

between picture and PSK signal, and others.

() In addition to El, a non-linear emphasis may be used for the MAC/packet family, see Report 1074, section 3.4.1.

-doy
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Vertical interval
Compressed .
colour Compressed luminance
difference
Data Vertical interval
Compressed
colour Compressed luminance
difference
FIGURE 1 — Basic TDM frame configuration
Clamp period
i n
Sync word

Luminance
3:2 compressed

FIGURE 2(a)—- C-MAC/packet signal waveform (unscrambled)

Cla?p period
[}

Syne word
‘and data

"k 2x99 bits)

Colour difference

3:1 compressed

Luminance

3:2 compressed

FIGURE 2(b) - D-MAC/packet signal waveform

(unscrambled)
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Clamp period
by
Loy
b
|
Sync d | ’
. :nd :;::; Colour difference Luminance
(99 bits) 3 : 1 compressed : 3 : 2 compressed
FIGURE 3 — D2-MAC/packet baseband signal waveform {unscrambled)
Colour difference Luminance
I . 3: 1 compressed 3 : 2 compressed
Data Data :
Clock Utility )
recovery Data
burst .

FIGURE 4 — B-MAC signal waveform (unscrambled)
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REPORT 1074-1

SATELLITE TRANSMISSION OF MULTIPLEXED ANALOGUE
COMPONENT (MAC) VISION SIGNALS *

(Question 2/10 and 11, Study Programme 2F/10 and 11)
(1986-1990

1. Introduction

In 1977, the World Administrative Radio Conference established the Plan for satellite broadcasting in
Regions 1 and 3, for the 12 GHz band. It was assumed at that time that television would use a conventional
composite baseband signal, such as PAL or SECAM, with an analogue sub-carrier for the associated sound.
However, the Plan does not preclude the use of other systems. Likewise, the Plan developed at the RARC SAT-83
for Region 2 assumed the use of conventional composite television signals such as NTSC with analogue sound
sub-carriers but considerations were given to new systems resulting in allowance in the Plan for the use of such
new systems as long as the interference criteria are still met.

Since that time, broadcasters have shown an increasing interest in providing an improved service. For
example, there has been an agreement on a studio standard for digital video signals using separate components
rather than composite coding.

Following this agreement intensive studies by certain organizations have led to the development of the new
analogue component coding method intended for satellite transmission known as multiplexed analogue compo-
nents (MAC).

The transmission of component signals would enable the viewer to obtain more benefits from future
all-digital studios than if composite coding were retained for the transmission. Moreover, there is a tendency to
provide a component interface to the domestic receiver and to magnetic tape recorders. These developments
present an opportunity to create common standards for the broadcasting-satellite service (BSS) (see Report 632).

Several improved 625-line vision systems suitable for the BSS have been studied by the EBU; objective
and subjective measurements have been made on a system using component signals, together with comparative
measurements on conventional PAL and SECAM systems.

Based on this work, the EBU experts have developed a family of systems in which the vision signal is
conveyed by the time-compressed component method.
All the members of this family are suitable for satellite broadcastlng They are
known as the C-MAC/packet system, the D-MAC/packet system and the D2- -MAC/packet
system and are described in Report 1073.

Similar studies of improved vision systems for the BSS in Canada and in the United States have led to the
development of different 525 line and 625 line MAC systems using the B-type sound muitiplex. The results of this
work were treated at length in the RARC SAT-83 [CCIR, 1982-86a]. One of these systems (B-MAC) is described
in Report 1073.

This Report describes the general characteristics of MAC systems, gives reasons for the choice of
parameters for the 625-line and 525-line MAC vision systems, dlscusses future enhancements to such systems, and
considers vision scrambling methods

The information contained in Report 1074 should also be used to harmonize the
information in other related CCIR Reports, Recommendations and publications on
BSS systems.
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2. General characteristics of MAC systems

2.1 The limitations of composite coded signals as applied to the BSS

The composite signals used in conventional television (NTSC, PAL, SECAM) were designed 30 years ago.
The designs were optimized for AM transmissions and for compatibility between monochrome and colour
receivers. This led to the inclusion of a colour sub-carrier in the upper part of the luminance band such that the
colour information is “band shared” with the high frequency luminance information. It is the presence of this
colour sub-carrier that creates the most noticeable limitations of composite coded signals which are cross-
luminance, cross-colour susceptibility to FM noise and differential gain and phase.

An inherent feature of an FM system is that the demodulated noise power density increases as the square
of the baseband frequency. Thus, when conventional television coding is used in the satellite channel, the
chrominance signal is subject to more noise per unit bandwidth than the luminance signal. In the chrominance
demodulation process, tiie high frequency noise is transformed into noise of lower frequency which is subjectively
more disturbing. The net effect of this is to create an imbaiance between the noise characteristics of the luminance
and chrominance channel, such that colour difference noise is the dominant impairment at low values of C/N
[Lucas and Windram, 1981].

Another feature of satellite transmissions of FM television signals is that the characteristics of the FM
noise changes when the system is operated below FM threshold. These conditions may be the result of weather
conditions and/or a misaligned antenna. In conventional television systems the de-emphasis network transforms
this noise into long black and white streaks which are subjectively annoying and difficult to conceal. Furthermore,
the presence of the colour sub-carrier reduces the FM threshold of the system and can cause intermodulation
distortion with the sound signals.

With conventional receivers the effects of cross-colour and cross-luminance are such as to limit the
effective bandwidths of the luminance and colour-difference signals to relatively low values (to around 3.5 MHz
and 1 MHz respectively in the PAL system and for the NTSC system to around 3.2 MHz and 0.6 MHz). Cross
effects can be reduced in receivers incorporating comb filters and field stores. In the case of still pictures cross
effects can largely be eliminated and the luminance bandwidth is only constrained by the presence of the sound
sub-carrier. With moving pictures, however, the reduction in cross effects is more limited and requires more
complex storage mechanisms and motion adaptive filtering algorithms. )

It was for all of the above reasons that the new component coding system (MAC) was devised. MAC has
been designed to match the characteristics of the FM channel and to provide the basis for future developments.

22 The MAC signai

In the MAC vision coding system the luminance and one of the two colour-difference signals of the active
line are separately time-compressed and placed in sequence within the line to form a time division multiplexed
analogue component signal. The two time-compressed colour-difference signals are transmitted on alternate lines
so as to minimize the necessary compression ratios of all signals and so improve noise performance [Lucas and
Windram, 1981]. : )

On reception the luminance and colour-difference signals are reconstituted by the use of line stores in the
decoder. This method enables the noise impairments to be distributed appropriately between the chrominance and
luminance to give improved performance under weak signal conditions. Cross effects are removed completely.

Time compression of the vision signals results in a proportionate increase in the video bandwidth required
to pass the signal. However, the spectral width of the FM signal is a function of both frequency and amplitude of
the baseband signals and this can be used to accommodate a time-compressed signal. The absence of a colour
sub-carrier reduces the deviation at high modulating frequencies which.allows the bandwidth of the baseband
vision signals to be increased.

For a constant video bandwidth signal time compression in the coder followed by time expansion in the
decoder results in an increase in the noise power at the receiver signal outputs. To a first approximation the noise
power increases as the cube of the compression ratio.

It is clear from these considerations that particular care should be taken to minimize the compression
ratios used in the design of MAC systems. In general however, MAC systems can be designed to have superior
noise performance to conventional television systems employing the same vision bandwidths [Windram
et al., 1983a]. In this context the advantages of the MAC system are particularly strong when the C/ .V ratio is at
or below FM threshold because the MAC de-emphasis network causes only short horizontal streaks which are
subjectively less disturbing than those in conventional systems. Furthermore, the threshold noise streaks do not
spread to adjacent picture elements and so concealment methods may readily be applied.
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2.2.1 Multiplexing aspects

Several variants of the MAC format have been developed to an advanced stage: C-MAC/packet, D-MAC/packet,
‘D2-MAC/packet, B-MAC type systems. Development work on another variant, A-MAC, has been dropped. The
‘main difference relates to the way in which the digital sound/data signals are multiplexed with the MAC vision

signal.

In the C-MAC/packet system the sound and data signals are inserted into the line blanking interval of the
modulated video signal at RF in the form of a digitally-modulated carrier. At the transmission point time division
multiplexing is carried out at intermediate frequency, switching between frequency modulated video and
dlgltally modulated sound and data in such a way as to maintain continuity of phase in the transmitted RF
carrier..

In the case of the D-MAC/packet system and the D2-MAC/packet system
developed by the-EBU and the B-MAC systems developed in Canada and the
United States, the sound and data signals are carried in the line blanking
interval at baseband as digital signals. For these systems, the signal spectrum
for the audio/data signal can be recovered at baseband from the output.of the
video phase-locked loop demodulator discriminator.

A MAC/packet signal (C, D, D2) using a compressed video bandwidth of 8.4 MHz has beem shown to meet the
WARC-BS-77 requirements for interference in practical tests (see Report 634). Measurements on interference
aspects for the B-MAC 'system indicated that the co-channel mter{erence criterion of the RARC SAT-83 is met
(see Report 634).

2.2.2 Vision- aspects

With C-MAGC/packet and B-type sound multiplex (D-MAC/packet, D2-MAC/packet, B-MAC)  the absence of
sub-carriers allows the bandwidth of the baseband video signals or the deviation to be increased: the possibility of
increasing the compressed video bandwidth to around 11 MHz is supported by evidence from interference tests on
a system known as extended PAL [Shelswell, 1982; Rhodes, 1985].

Further work .is-required to confirm the upper limits of baseband obtainable with C-, D- or D2-MAC/
packet systems. Nevertheless, it is likely that uncompressed video bandwidths of greater than 7 MHz tor the
luminance and greater:than 3 MHz for the colour-difference signals will be obtainable. Such wider bandwidth
transmissions may becneeded in the future to obtain the hlgher resolution required for Iargc screen displays. In
this situation larger antennas and/or techniques such as noise reduction would be employed.

A further feature. of C-, D- or D2-MAC/packet systems is the facility to signal changes in the boundaries
between the digital signal and the vision signal; and between the vision signal and the field blankmg interval.
Proposals have been made to use this facility totransmit plctures of wider aspect ratio. ..

Techniques for-obtaining extended definition s:gnals of wider aspect ratio with MAC systems are further
discussed in § 3 and 4-of this Report.

The MAC waveform is also very suited to vision scramblmg for conditional access purposes (see § 5). Such
scrambling methods require a simple means of rearranging the vision blocks. The separation of the components in
a time division multiplex facilitates this. The de-scrambling would be easily accomplished in the line stores of the
MAC decoder without the need for additional circuitry.

The problem of compatibility with existing receivers is similar whether MAC or conventional television
coding is used. In either case new outdoor and indoor units of comparable overall complexity are requ1red In the
MAC case, however, many receivers will need a composite coder in the indoor unit.
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2.2.3 Summary

MAC systems offer many advantages over conventional systems. These

T— the elimination of cross-colour and cross-luminance;

"— improved horizontal luminance and colour-difference resolution:
— an overall improvement in subjective noise;

— reduced distortion and intermodulation;

~ "'more efficient use of the transmission channel;

— facilitates vision scrambling for conditional access;

— potential for higher definition and wider aspect ratio pictures;

— retains high capacity digital sound/data transmissions.

49

include:

3. Reasons for the choice of parameters for the MAC vision system used in the C-, D- and D2-MAG/packet systems

defined in Report 1073

This section gives background mformatwn on the parameters for the particular MAC vision system
described in Report 1073.

In specifying the vision charactenstlcs for the MAC system, many decisions concemmg the txme
multiplexing and the band shaping had to be made. For example:

— the best order for transmitting the colour-difference and the luminance components;
— line simultaneous or line sequential transmission of the colour-difference signals;

— the optimum bandwidth and levels for the luminance and colour-dlfference mgnals taking into account the
requiréments for horizontal resolution and noise; :

.— vertical resolution; .

— the time compression of the luminance and colour- dlfference 51gnals
— the pre- and de-emphasis characteristic;

— picture quality;

— scrambling for conditional access;

— compliance with the WARC-BS-77;

— scope for future enhancements.

‘Most of the above characteristics are mutually dependent, so compromises had to be found.

3.1 Luminance and colour-difference bandwidths

The reference for the luminance and colour-difference bandwidths chosen was the 4:2:2 digital studio
standard (see Recommendation 601), which uses sampling frequencies of 13.5 MHz and 6.75 MHz for luminance
and colour-difference signals respectively. The maximum baseband bandwidths available with the 4:2:2 standard
therefore are about 6 MHz and 3 MHz respectively. .

Noise is closely related to the bandwidths of the luminance and colour-difference signals. In the MAC

system, the vision noise performance is additionally affected by the time compression. To a first approximation

the noise power, for a given compressed signal bandwidth, is proportional to the cube of the compression factor.

It is clear from these considerations that particular care must be taken in order to reduce the noise of
colour-difference signals, which are compressed twice as much as the luminance signal. It was originally decided
that the nominal maximum amplitude of the colour-difference signals (corresponding to 100% saturation) should
be 1.3 V peak-to-peak. However, in order to permit the use, in the future, of an uncompressed chrominance
bandwidth of > 2 MHz it was decided to limit the signal to an amplitude of 1 V peak-to-peak. This limit is
considered acceptable, since it corresponds to a displayed saturation of about 96%, and it is rarely exceeded in
natural pictures.
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Since the maximum amplitude of colour-difference signals is the same as for luminance and the
compression ratio is twice that for luminance, the maximum possible bandwidth for colour-difference signals is in
principle half that of luminance. This limit can be approached at the transmitting end. However, in order to
reduce overshoots, which can cause unacceptable impairments on colour-difference signals, the bandwidth of these
signals must be further reduced, in the receiver, by means of a slow roll-off filter (e.g. of Bessel type).

The design of the receiver filters is left to manufacturers. It is likely that, in case of high-field strength
signals, the colour-difference bandwidth which is in practice achievable at the receiver will be about 2 MHz (about
1/3 that of luminance). Because of the properties of the human eye, this bandwidth is more than adequate for
natural pictures and just sufficient for some extremely critical electronically generated pictures (e.g. captions with
small-size letters). A further bandwidth reduction could be desirable in the case of noisy signals, and in this case,
the use of Gaussian or Bessel type filters with a 3 dB bandwidth of about 0.9 MHz has been suggested.

In order to provide some more detailed information on the relationship between noise and bandwidth, the
noise power density has been calculated as a function of the frequency, taking account of the compression factor
and the pre- and de-emphasis. The results demonstrate the significant rise in noise level as the frequency is
increased. If the results are weighted by a characteristic having a time constant T = 0.2 us (see Recommenda-
tion 451), the weighted noise density characteristic is as shown in Fig. 1, which includes the effect of pre-emphasis
(see §-3.4). Here it is assumed that the luminance signal and the colour-difference signals are weighted equally.
The curves at higher frequencies are relatively flat and indicate a good match between the characteristics of FM
noise and visual perception of noise.

The visibility of noise on the screen may differ from that predicted theoretically because of failure of the
constant luminance principle and because of physiological effects (the eye has different sensitivities to noise in the
two colour-difference channels). By a suitable choice of the colour-difference axes, the subjective effects of
chrominance noise might be decreased, but the improvement is not expected to be greater than about 1 dB. A
further small noise improvement can be gained for the colour-difference signals by using vertical averaging at the
receiver (instead of repeating a single line). :

; The influence of pre- and de-emphasis on noise is discussed in § 3.4.

3.2 Choice of sequence of analogue component signals and of compression ratio

The luminance component and the two colour-difference components must be transmitted sequentially and
time compressed. It is necessary to decide whether both colour-difference signals should be transmitted during
each line, or transmitted sequentially on alternate lines. The order in which the components are transmitted must
also be decided.

In selecting the compression ratios, a compromise has to be found between the signal-to-noise ratio,
interference constraints, transparency to the digital studio standard (taking account of the need to maintain a
simple receiver design) and the simplest sharing of the active line time period of 52 us. Independently of whether
line sequential or line simultaneous transmission of the colour-difference signals is used, the last two factors
suggest that the ratio of the luminance compression factor (Y) to the colour-difference compression factor (X)
should be 0.5, the same sampling frequency being used for both compressed components. Moreover, the sum of
the parts of the shared time should be equal to unity.

For sequential transmission of the colour-difference components, the following two equations are thus
obtained:

z,=0.5arldl+l=1.
X X Y

Hence, we obtain X = 3 and Y =

N1Ww

For simultaneous transmission of the colour-difference components, the equations become:

=0.5andz+l=1.
X Y

>l

We then obtain X = 4, Y =

SRR
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As indicated in § 2.2, the decompressed noise power varies as the cube of the compression factor K, so the
loss in the s1gnal -to-noise ratio is equal to 30 log;q K (dB) It follows that the best noise performance is achieved if

the compression ratios are kept at minimum. — -

~——— The figures clearly show that in a system where both the colour-difference components are transmitted on
the same line, the degradation in the luminance and colour-difference no:se is 3.7 dB compared with the situation
where the colour-difference signals are transmltted sequentially.
Moreover, time compression results in a proportionate increase in
the bandwidth which must be accommodated within the FM channel. Thus to avoid additional interference caused
by the increased maximum modulation frequency for simultaneous transmission of both colour-difference
components, the deviation would have to be reduced, and this would lead to a further loss in the signal-to-noise
ratio of about 2 dB and about 4 dB for the colour-difference and luminance signals respectively. Overall noise
degradations of more than 5 dB appeared unsatisfactory, so the colour-difference signals are transmitted line
sequentially with compression ratios of 3/2 for luminance and 3/1 for the colour-difference signals.

Regarding the order of transmission of the various components, the colour-difference component is
transmitted before the luminance component. No strong reasons can be found why a different order would offer
advantages affecting the complexity of the receiver. The colour-difference signal is transmitted first because it was
thought that low frequency distortion would be most visible in the colour-difference signals. The latter should
therefore be closest to the clamping reference at the start of the line.

33 Considerations of vertical and horizontal resolution for the luminance and colour-difference signals

For discussing this problem it is helpful to convert the vertical resolution, usually defined in cycles per
picture height, to an equivalent horizontal resolution in MHz.

For a 625/50/2 : 1 system with a 4:3 aspect ratio, the Nyquist limit of 143.75 cycles per picture height
(C/PH). (575 active lines/4) gives an equivalent horizontal checkerboard frequency of 3.7 MHz. This limitatior is
due to interlace flicker.

The potential luminance resolution however is equivalent to 7.4 MHz and this can be obtained by a
progressive scanning in the vertical direction by using vertical pre- and post-filtering techniques. Account must be
taken of this possible improvement when considering the necessary frequency response, to provxde a good balance
between the vertical and horizontal resolution.

By dropping alternate lines of the colour-difference signals, the potential vertical resolution of the
chrominance information is halved with respect to luminance. The Nyquist limit of 71.87 C/PH corresponds to an
equivalent frequency of 1.85 MHz. To reduce the alias components which are produced within the original signal
spectrum by this procedure, the colour-difference signals must be vertically pre-filtered. This may further restrict
the resolution depending on the type of filter used. If a simple line averaging filter (1,1 filter) were used for
example, it would cause a loss of 3 dB at 1.85 MHz, while with a 1,2,1 filter, the loss would be 6 dB. The total
response however also depends on the type of post-filtering in the receiver. In combination with a 1,2,1 pre-filter
at the transmitter, a 1,2,1 post-filter in the receiver (which is recommended for a normal size of display) would
result in additional restriction and a theoretical total response of —6 dB at 1.34 MHz.

This vertical resolution is lower than the maximum horizontal resolution which is obtained with low-noise
signals (about 2 MHz). However, it is likely that more sophisticated pre-filtering techniques, particularly those
based on field stores possibly accompanied by the corresponding post-filtering, could improve the chrominance
vertical resolution so as to obtain the best possible balance between the resolution in the two directions.

It can therefore be concluded that sequential colour transmission gives a reasonably well balanced
resolution in the horizontal and the vertical directions, and there is scope for further 1mpr0vement by the use of
more advanced processing.

34 Choice of emphasis characteristic

For the MAC system, the use of large amounts of pre- and de-emphasis to reduce distortion (as with
composite signals) becomes unnecessary. However, emphasis is useful to give improved noise and interference
performance taking account of the requirements of the WARC-BS-77 Plan.

When considering emphasis, account must be taken of the effect of threshold noise. The use of
de-emphasis causes the threshold spikes to appear as streaks on the screen. The resulting impaitment depends on
the number and amplitude of the spikes, together with the length of the disturbance. The use of time
decompression causes the streaks to be stretched by the compression factor.
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" The use of pre-emphasis is beneficial in reducing the amplitude and the number of spikes but it has the

effect of increasing the .length of the spikes. Subjective tests indicate that with a suitable choice of the
pre-emphasis characteristic, the beneficial effects more than compensate for the negative effects.

In principle, the use of pre-emphasis could cause distortion due to the 27 MHz bandpass filtering and also

truncation noise. This effect can be limited by a careful choice of the pre-emphasis characteristic.

The emphasis characteristic must be chosen as a compromise between the conflicting effects . mentioned

. above. Computations and informal subjective assessments have been carried out by some EBU members with two
networks [CCIR, 1982-86b]. The characteristics of the network, which is specified for the MAC/packet family of
systems in Report 1073, are given in Table 1.

The possibility is not excluded that, as a result of further studies, a slightly different, but compatible,

characteristic will be proposed in order to optimize the performance.

The low frequency insertion loss of the MAC pre-emphasis network is only 3 dB. Therefore it is highly

desirable that the video signal is d.c. restored at the input of the FM modulator.

35

3.4.1 The E7 compatible non-linear pre/de-emphasis network example for the

MAC/packet family

In addition to the linear pre-emphasis characteristic El1 for the
MAC/packet family described in Table I, a non-linear pre-emphasis network E7
(see Annex I) may also be used. E7 should be applied only to the vision
signal, not to the data burst. The effect of its application is a subjective
improvement in picture quality equivalent to a 3 dB increase in carrier to noise
ratio of the received signal. E7 is a non-linear pre/de-emphasis which has been
designed to provide noise and interference improvement without any threshold
degradation. E7 is a frequency dependent instantaneous compander system. It is
compatible in the sense that it has no effect at low video frequencies, so the
deviation: sensitivity of the FM signal is not affected. E7 may be implemented in
either analogue or digital form, and both examples are specified below for both
the pre-- and de-emphasis networks. Both examples specified below meet the
WARC-BS-77 Plan, when used in addition to El pre-emphasis. All pre-emphasis net-
works used: for the MAC/packet family should be upwards compatible with HD-MAC
described in CCIR Report 1075.

Picture quality

Subjective tests on picture quality at different carrier-to-noise ratios were made by the EBU and showed

that the MAC* quality was always better than PAL or SECAM.

In considering the sharpness of a vertical colour transition, however, MAC is inferior to PAL because of

the interpolating filters used on transmission and on reception in order to reduce the alias components which are
produced by the line sequential colour transmission. These alias components, which exist in the SECAM system,
may be very annoying with vertically-moving electronically-generated patterns (e.g. red captions on a black
background), if they are not suppressed to an insignificant level by suitable filtering [Windram and
Morcom, 1983].

As to sngnal -to-noise ratio, even at high C/N values some noise is v1s:b1e in strongly saturated coloured
areas. This noise is subjectively lower for MAC than for PAL or SECAM.

Subjective tests have also proved that the requirements in the WARC-BS-77 Plan referring to co-channel
and adjacent-channel interference are met for unscrambled as well as for scrambled MAC signals (see
Report 634).

Also, at lower C/N values the performance of the system is always better than the existing composite
systems, even with extended threshold demodulation. The pictures are more acceptable, as the threshold streaks
are much shorter, due to the smaller amount of de-emphasis and the shorter time constants.

*  In the system used for these tests, the 3 dB bandwidth for luminance was 5.6 MHz and for colour-difference signals was
1.6 MHz.
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TABLE 1 — Characteristics of pre-emphasis networks for MAC signals

System Ay Ao f: 5 Sl f S/N . S/N
lum. col.-diff.
(dB) (dB) | (MHz) | (MHz) (dB) (dB)
C-MAC
D-MAC -3 2.04 0.84 1.5 1.786 42.23 43.59
D2-MAC
B-MAC -3 +3 1.87 3.74 2
Ap: low frequency gain
Ao high frequency gain
f: - zero frequency
St pole frequency
S/N lum.: weighted luminance signal-to-noise ratio corresponding to C/N = 14 'dB (welghtmg

network: Recommendation 451; bandwidth: 6 MHz)

S/ N col.-diff.: weighted colour-difference signal-to-noise ratio corresponding to C/N = 14 dB (weighting
network: Recommendation 451; receiver filter Gaussian with 6 dB point at 1.3 MHz).

120

100

40

20}—1

Weighted noise power density (mV? /MHz)

-t —t—|———t —— g — — | — — ]

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5
Frequence, f (MHz) .

FIGURE 1 — Colour-di fference and luminance signals weighted noise power density

Weighting filter : Recommendation 451
Pre-emphasis  : network used for C-, D- and D2-MAC/packets
= ======_ Colour-difference signal

cm ¢ o wmmee = Luminance

The ordinate scale is such that the area below the curves, expressed in dB with respect to 1 mV?, provxdes
the weighted signal-to-noise ratios corresponding to C/N = 14 dB

Note. — The curves for colour-difference noise assume that the two colour-difference noise powers
add equally. It should be noted that the subjective effect of noise for each colour-difference channel is
a complicated function of hue, saturation and luminance.
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3.6 Future enhancements

When defining a new system for satellite broadcasting, it is important not to preclude any future
enhancements that might be foreseen.

The following enhancements may be possible; some of them have not yet been tested experlmentally but it
should be possible to implement them with the proposed signal format.

3.6.1  Improved resolution of the luminance and the colour-difference signals

This might be achieved by increasing the compressed video bandwidth from 9 MHz to about
12 MHz which would result in an increase in horizontal resolution of 33%. It has yet to be confirmed that
this would not cause unacceptable interference.

Another approach could be to use pre- and post-filtering to convey additional horizontal informa-
tion as folded energy within the existing baseband. However, signals conveying this folded energy for
picture enhancement may require compromises in design between receivers with post-filters which make
use of this information and normal receivers [Tonge, 1982].

Techniques for improving the vertical resolution by pre-filtering prior to transmission and
post-filtering using line and field stores in the receiver are described in reports by [Tonge, 1983;
Long, 1983; Windram and Tonge, 1983]. It appears that an increase in (effective) vertical resolution of
100% is possible with still pictures. This resolution is reduced however at higher vertical/temporal
frequencies.

3.6.2 Aspect ratio

The flexible format of the MAC/packet family coding scheme and the high
data rate of the €-. and D-MAC/packet systems provide the possibility to
introduce compatible wider aspect ratio pictures. The use of TDM control to
reduce the width of the digital sound burst (to a value sufficient to carry one
stereo signal only) enables additional luminance aspect ratio information to be
transmitted. The additional corresponding chrominance signals are sent in the
field interval as shown in Figure 2 and described in / Windram et al., l983b/

Further studies have led to the definition of an alternative approach

for a wider aspect ratio with C-, D- and D2-MAC/packet systems. This approach
makes use of the normal picture TDM components to provide a 16:9 aspect ratio
picture and leaves the digital data capacity unchanged. A 4:3 picture can then

be extracted from the 16:9 wide-aspect-ratio pieture for display on conventional

monitors. For the same baseband signal bandwidth this would give a slightly
lower resolution due to the different decompression factor, but the system

bandwidth for future receivers can be increased to compensate this effect.

[Shelswell, 1982; CCIR, 1982-86 d, e, f, g].

Receivers with incorporated frame stores will be able to process this additional information for
wider aspect ratio displays.

The 4 : 3 pictures are undisturbed by the process and are suitable for normal receivers.
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FIGURE 2 - Proposed use of transmitted frame for extended MAC

Note. — Shaded areas used for video extensions.

3.6.3  Vision multiplexing at line and field rate

The use of TDM control in the MAC/packet family of systems and the use of frame storage in
receivers provides the basis for a variety of transmission formats. Some possibilities are under study
[CCIR, 1982-86¢].

Further studies are also being carried out on a second set of compression ratios, as well as on an
alternative approach for a wider aspect ratio in the C- and D2-MAC/packet systems. This approach leaves
the digital data capacity unchanged and provides a compatible 4:3 picture by using a new set of expansion
ratios (for the same baseband signal bandwidth this would give a slightly lower resolution, but the
bandwidth can be increased) [Shelswell, 1982; CCIR, 1982-86d, ¢, f, g].

3.6.3.1 Multiplexing at field rate

The principle of the method is shown in Fig. 3a. In this figure the content of line periods is
represented in horizontal direction, whereas in vertical direction the sub-division during a field period is
visualized. :

During a number of line periods per field only the luminance information (the Y signal) is
transmitted whereas during other line periods only colour-difference signals, in compressed form, are
transmitted. The resulting picture will show the maximum horizontal resolution, as determined by the
channel bandwidth, and an aspect ratio higher than normal. Methods aimed at the improvement of the
vertical resolution are under study.
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3.6.3.2 Multiplexing at line and field rate

An approach in which the methods at line rate and at field rate are combined is shown in Fig. 3b.

The time interval Y is reserved for the transmission of the luminance information. The interval c,
may contain one or two colour-difference signals; the same holds for the interval ¢,. The boundaries
between the time intervals are indicated by the lines a, b, d and e.

The advantage of TDM control is that it provides great flexibility to alter the boundaries between
the sound and video and the luminance and colour-difference signals. This flexibility offers the possibility
of increased aspect ratio, enhanced television, stereoscopic television and full field data transmission. It
should be noted however, that many of the advantages referred to will require the use of a receiver

incorporating a picture store.

Tf: field period

R line period v

D : sound +data + sync.

FIGURE 3a — Multiplexing at field rate

¢, ¢ 1st colour-difference signal (e.g. U)

T T T 1
l g ' e I ¢ t ¢
l_‘.._J.._J___._L_...1
|
|
DI Y =
|
ll'—'_—:——‘——-r-__
N B PR Y
lczl 2 | 2 ! 2
T

¢,: 2nd colour-difference signal (e.g. V)

Y : luminance signal

~ FIGURE 3b — Multiplexing at field and line rate

Tf: field period
Ty: line period

D : sound +data + sync.

C, : Ist colour-difference signal (e.g. U)
C,: 2nd colour-difference signal (e.g. V)

Y : luminance signal
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3.64 HDTV (see also Report 801)

To avoid aliasing in the processes for extending vertical resolution in a single WARC channel,
pre-filtering is used. The pre-filtering process involves discarding high frequency vertical/temporal infor-
mation. This may not be of first order importance subjectively because the eye is less sensitive in this area
[Tonge, 1982; Fujio et al., 1982). Filters can be implemented which preserve the high frequency vertical/
temporal information for transmission in a second channel. The use of two WARC channels in this way
should enable the achievement of nearly the full quality of an HDTV studio standard.

3.6.5 Stereoscopic television

A second WARC channel could be used to carry additional information to permit stereoscopic
television [CCIR, 1982-86b]. In this case both channels may carry similar compatible extended definition
signals. These signals are combined in the receiver to produce the stereoscopic display. Further study is
required.

4. Reasons for the choice of parameters for the MAC vision system used in the B-MAC systems defined in
Report 1073

Detailed specifications for the B-MAC systems were set to meet the following characteristics:
— operation in a 24 MHz channel with a nominal C/N of 14 dB;
— improved picture quality compared with existing 525-line systems;
— multiple high quality digital sound channels;
— data broadcasting capability (such data also to be used for sychronizing);
— encryption with individual addressability capability;
— potential for future enhancements;
— possible compatibility with high definition television.

B-MAC systems for both 525 and 625 lines have been developed in the United States and Canada. A

similar system called B-TMC for 525 lines is under development in the United States. These systems are described
in [CCIR, 1982-86h, i}.

4.1 B-MAC
~ In the B-MAC systems the vision signal closely resembles the vision format of the MAC/packet family. The same
compression factors are used, however the clock frequencies differ. Like the MAC/packet family, B-MAC

transmits the luminance and chrominance information within the active line time. The colour-difference signals
are sequentially transmitted on alternate lines. In B-MAC, the clock frequencies are even integer multiples of the
NTSC colour sub-carrier frequency. The luminance sampling frequency of 14.32 MHz permits a luminance
bandwidth up to 6.4 MHz using straightforward techniques. Chrominance bandwidth is limited by the Nyquist
criteria. These bandwidths can be used to transmit wide-screen pictures on 525-line standards in a way which is
compatible with the receivers, now in use, which have 4:3 aspect ratio screens. The wide-screen aspect ratio which
makes this compatibility possible is 16:9 or 4:3 of the standard aspect ratio. Changing transmitted aspect ratio
from 16:9 to 4:3 requires changing the clock frequencies for time decompression from 1365F,:910F,:455F, to
1365 F,: 682.5F,: 341.25F,. Selection of the portion of the 16:9 picture to be displayed on the 4:3 screen is
controlled by an instruction transmitted digitally within the field blanking interval. The full bandwidth potential
of B-MAC (6.4 MHz) requires about 3 dB greater C/ N for the same weighted S/ N with respect to that required
for 4.2 MHz uncompressed luminance bandwidth.
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B-MAC employs line translational video scrambling and digitally encrypts
the audio/data with individual or group receiver addressability.

In this system, the vertical and horizontal synchronization information is transmitted in digital form
using high redundancy error correction schemes, thus providing very robust synchronization signal recovery. This
system has been demonstrated as being capable of maintaining synchronization at C/ N values down to 2 dB so
that reliable synchronization can be maintained during periods of high noise such as are typical of satellite
transmissions under adverse weather conditions and/or antenna misalignment. Only one line of the vertical
blanking interval is used to transmit the synchronization information; the remaining lines of the vertical blanking
interval of the MAC signal can be used for other services such as teletext, additional vision information, etc.

A new emphasis network is proposed for these signals as the degree of emphasis necessary for NTSC is
not optimum for component signals. The optimum MAC pre-emphasis characteristic has shorter time constants
and less low frequency insertion loss as shown in Table I. Such a network improves performance at or below
threshold, while at the same time the impulses induced by threshold noise are less subject to stretching. The
resulting overall subjective picture quality improvement when the MAC signal operates under conditions of low-
C/ N is considered to be one of the most significant attributes of the MAC system.

The MAC signal should be designed so that during adverse conditions the vision signal fails first followed
by the synchronization. This follows the practice in terrestrial broadcasting. FM thresheld is reached at about
10 to 11 dB C/N. Synchronization in MAC systems remains even at 2 dB C/ N or less.

4.2 Dual aspect-ratio B-MAC

The B-MAC format has a potential for extension to extended definition transmissions. It carries an
interlaced picture with the associated sound, synchronization and conditional access addressability data. The
B-MAC systems can transmit either 4:3 aspect ratio or wide-screen 16:9 pictures [Rhodes and Lowry, 1985].
Viewers can view a 4:3 picture’ of very high quality (effective luminance bandwidth 4.8 MHz) on conventional 4:3
aspect ratio screens. Viewers having a 16:9 display can obtain wide-screen pictures. The increased luminance
baseband bandwidth of 6.4 MHz will provide the same horizontal resolution on 16:9 displays as on basic displays
of 4:3 aspect ratio. In the near future, advanced displays are expected which can de-interlace the transmitted
signal for improved picture quality. A de-interlaced wide-screen picture (each frame is repeated twice) can be
expected to approach the quality of a higher line-rate transmission system. Further studies, particularly concerning
motion detection, will be required.

5. Scrambling for conditional access

It is a requirement in conditional access that the vision and sound signals should be scrambled under the
control of an encryption system. The principles of conditional access are discussed in Report 1079.
Examples relevant to the broadcasting-satellite service are given in.Tgble_I and
Annex II of that Report and in the special publication of CCIR (Spec:L.flgatlon .oit
transmission systems for the broadcasting-satellite service).The following is a description
of picture scrambling.

5.1 Scrambling algorithm

Tests have shown that a very high degree of picture scrambling can be obtained by methods which
redistribute the picture elements in time. The existence of a line store in each domestic decoder suggests that this
process is best done within each line, rather than by re-ordering complete lines within a frame. The latter process
would require a frame store.

Double-cut component rotation and single-cut line rotation are methods of scrambling which can be
applied to MAC systems and are capable of giving excellent performance provided that tolerances on line tilt,
within the path of the scrambled signal, are adequately controlled. ’
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These methods are members of a family of scrambling techniques which rely on the splitting and
rearranging of the multiplexed component which make up the video line.

In the double-cut component rotation system, the chrominance and luminance components are separately
rotated cyclically about their lengths by a pseudo randomly determined distance (Fig. 4b). This rotation distance
will be governed by the output of a pseudo-random sequence generator which forms part of the encryption
process. .

In the single-cut line rotation system, the colour-difference component of each line is cut into two
segments and the first segment is moved to the end of the line (Fig. 4c). The position of the cut point is
determined by the output of a pseudo-random sequence generator.

Component rotation and line rotation appear to be very attractive for picture scrambling and it has been
demonstrated that the scheme is capable of totally concealing a transmitted image and can easily be de-scrambled
[Lodge, 19831

Line translation scrambling has also been implemented and has the advantage of lower sensitivity to
distortions in the signal path such as line tilt. In this method the transmitted line blanking period is varied in a
pseudo-random manner and this has the effect, in an unauthorized receiver, of de-correlating lines in the picture
and displacing parts of the active line outside the viewing area of the displayed picture. The scrambling effect is
strong [Lowry, 1984]. A schematic description of line translation scrambling for 525-line B-MAC systems is shown
in Fig. 5.

There are a number of other ways of modifying the signal to obtain a scrambling effect. The two methods
which have been described are suitable for use with a MAC system. The line stores used for time decompressmn
can also be used to de-scramble the picture.

Early standardization of the scrambling methods may be necessary to prevent a proliferation of black
boxes around the domestic television receiver.

4 I
I | o
. | |
| ! |
Cy i Cy Y1 l Y,
' [
| | N
; | |
L JL
i L Xc R L Xy
. Colour-difference Luminance
component component

FIGURE 42 — Normal MAC line
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ANNEX I

THE E7 PRE/DE-EMPHASIS CHARACTERISTICS®

1. E7 de-emphasis characteristic
1.1  Analogue E7

Referring to the block diagram of Fig. 6:
Delay element T

T=20
Low-pass filter F

The transfer function is given by

—_—1
1+ j f/f,

where f = frequency
fo= 2.0 MHz

Non-linear function N-1
This is illustrated in Fig. 7

The output V, of the non-linear function is related to its input V; by the
relationship:

\Y/ 1 v, + 2 + (2A0)2
vV, = -2 4+ - 1n = /Vo
C B 2AC
A = 0.009
B = 19.80

C = 1.5642

This function has been specifically chosen because it can be simply imple-
mented in analogue circuitry. [IBA, 1988].

Post filter

The E7 network is followed by a post filter. A 12 MHz (-3 dB) 3 pole
Chebyshev (0.1 dB ripple) filter is suitable for this purpose.

"It should be noted that the use of E7 is optional therefore its use must be
signalled in the service identification codes of the MAC/packet family. If it is
adopted universally, the signalling will not be necessary.Further studies on
this question are needed, in particular to specify the signalling codes used in
the service identification.
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1.2 Digital EZ

It can bezshown that the block diagram of Fig. 6 is functionally equiva-
lent to the block diagram of Fig. 8, where F; is the complementary filter (high
pass) to F, and- the non-linear function is changed to become a new function, N,.
This is illustrated in Fig. 9.

The function is non-monotonic but can be easily implemented by means of a
osk-up. table. The implementation of Fig. 8 is recommended because of its sim-

LRI
L

Flicicy.

Sumpling rate
20.25 MHz -

Delay element T

T = 3 clock periods

High pass filter F;

Phase response : linear
Magnitude response : Gaussian
-3 dB bandwidth : 2.0 MHz

A 7-tap.digital filter is used with the following coefficients:

c 180 o C 25

° 256 2 -2 256
58 ' 7

€; =C.; =-— €3 =C3~=-7-—-

256 256
These are scaled:for unity a.c. gain
Non linear function N;

If N'1 is described by V, = £(V;),

where V;
Vo

input
output

]

then N; is described by
Vo = £f(Vj) - V; (see Fig. 9)
f(V;) cannot be specified in closed form, but can be evaluated from the rela-

tionship:

Vv, + JV,2 + (2aC)2
2AC

O|J<
+
W |
=
=}

‘where A = 0.011:
B = 19.80.
C = 1.5225
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2. Pre-emphasis characteristics
2.1 Analogue pre-emphasis

The block diagram is shown in Fig. 10. The de-emphasis network shown
corresponds to the characteristics of §1.1. )

The gain G must be sufficiently high that the error e is small compared to
the input signal for baseband frequencies up to 8.4 MHz. The output filter is
12 MHz (-3 dB) bandwidth low pass.
2.2 Digital pre-emphasis

The block diagram is shown in Fig. 11.

High-pass filter F;

Clock rate : 20.25 MHz
Phase response . linear
Magnitude response : - Gaussian
-3 dB bandwidth : 2.0 MHz

A 7-tap digital filter is used with the following coefficients:

o, - 180 G-y 2
256 256
01=C-1=-*2§ 03=C-3=—L
256 256

These are scaled for unity a.c. gain.
Delay element T:

3 clock periods
Non-linear function Nj

As for de-emphasis (§i.1).
Non-linear function N)

This function is described by the following equation:

(L -¢) 1 ) vV, + JV,2 + (2aC)?
—_ +

=V, - 1n
° * c B 2AC
where A = 0.011
B = 19.80
C = 1.5225
REFERENCES

IBA, Experimental and Development report 141/88, Compatible non-linear pre-
emphasis for MAC signals.
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T : delay element
F : low pass filter
N-1 : non-linear function

Figure 6 - E7 de-emphasis block diagram
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Figure 8 - Recommended de-emphasis implementation (digital)
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F : low pass filter
: gain of amplifier pl
e : error signal
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Figure 10 - Analogue pre-emphasis configuration
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1 2 F, : high pass filter
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Figure 11 - Digital pre-emphasis configuration
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REPORT 1075-1

HIGH DEFINITION TELEVISION BROADCASTING BY SATELLITE

(Question 2/10 and t1, Study Programme 2M/10 and 11)

(1986-1990)

1 Introduction

On the occasion of their fourth Inter-Union Conference in 1983, all the Unions representing the
broadcasting organizations of the entire world were unanimous in their recommendation for the adoption of a set
of common world-wide standards for high-definition television.

Additionally, at their fifth and sixth Inter-Union Conferences in 1986 and
1989, they were unanimous in recommending the provision of a single world-wide
frequency allocation suitable for BSS in HDTV. :

Report 801 gives information concerning general considerations, method
of scanning, signal format of transmission, bandwidth reduction techniques and

HDTV equipment.

Transmission systems for communications between broadcast centres are
likely to be directly based on world-wide studio standards.

For satellite broadcasting of HDIV, standards with a modified format
will be needed to allow for a good balance between very high picture quality,
channel bandwidth suitable for HDTV and the complexity of the receiver. This
balance has no unique solution and different proposed systems, both analogue and
digital are described in this report.

Some administrations are considering the possible implementation of an
HDTV BSS.

The CCIR has produced a Report to the second session of the WARC ORB 1988 in
view of the possible consideration of a possible world wide frequency allocation
to the BSS. It has also produced a Report at the extraordinary meeting of Study
Group 11 on the subject of HDTV, with particular consideration of the question of
a common world-wide standard. Most of the relevant material from these two reports
has been integrated into this CCIR Report to present the current situation
concerning HDTV systems, frequency bands and sharing problems.
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2. Service availability and quality objective

The current CCIR studies are based on HDTV systems for which parameters
will be optimized for viewing distance in the neighbourhood of three times
picture height for a large screen dlsplay[CCIR 1986-90a]. This will influence
factors such as visibility of noise, interference and distortion. Objective
figures are needed for the target values of these parameters. These objective
figures are related to subjective impairments.

Two quality factors are considered necessary for satellite broadcasting
of HDTV:

- good quality must normally be available;
- outage times should be severely limited.

The choice of quality objectives for HDTV is a sensitive issue because
quality is the main feature of its viability. It is also considered
unsatisfactory for the performance to fall below the equivalent of conventional
TV systems. The viewer will be paying a premium for quality, both in the higher
cost of the receiver, and in the programme costs.

The quality is related, depending upon the coding and modulation
scheme, to the carrier-to-noise ratio which is a most important consideration in
establishing an HDTV service. The WARC BSS Plans for conventional television
are based on a carrier-to-noise ratio of 14 dB, corresponding to a quality grade
of 3.5, achieved for 99% of the worst month.

Improvements in receiver technology have led to higher values of
carrier-to-noise ratio being achievable as described in § 7. In the case of HDTV
transmissions in the 12 GHz band, the target value of carrier-to-noise ratio
should be in the order to 17 to 20 dB.

In the case of the other bands, the frequency deviation can be
increased to compensate for noise impairment.‘However, this may lead to very
wide bandwidth channels, with a possible increase in interference and
distortion. Generally, considering the trade-off between spectrum efficiency and
appropriate system characteristics,it may be desirable to set the target
carrier-to-noise ratio at about 17 dB.

In the 12 GHz bands, the BSS Plans have stringent protection
ratios so that interference, at worst, is just perceptible. Any HDTV signal in
these bands will also have to respect this requirement. However, the sensitivity
to interference may be different because of the different type of coding and
changed viewing conditions. Also the effect of interference on digital signals
may need to be treated differently. This is discussed further in § 11.

The effect of channel distortions on the quality of the received signal
must also be included in the system design.

The main source of degradation to picture quality is caused by the
increased levels of noise during times when the signal in attenuated by
hydrometeors (see § 4). Careful attention must be paid to the question of trade-
off between signal quality (carrier-to-noise ratio) and the time this is
achieved or exceeded. Different trade-offs may be appropriate in different rain
zones.
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When considering availability objectives, not only must the percentage time
the service is to be available be considered, but also the percentage of the
service area that will be covered. Problems of clutter, physical geography and
microclimates may lead to small but significant areas which cannot be guaranteed
adequate quality. Differences in the HDTV television system performance, its
baseband coding and modulation characteristics, as well as the frequency band and
its propagation and sharing factors lead to new parameters being desirable (see
Annex I).

3. Suitable and appropriate frequency bands

WARC ORB 1988, in its Resolution 521 resolved that the frequency range
12.7 - 23 GHz be considered for the choice of an appropriate band for wide
RF band HDTV, and that while plans for the 11.7 - 12.7 GHz band can already be
used for certain types of high definition television, studies should be
continued on the long range future suitability of these bands for HDTV without
prejudice to the existing plans in this band.

In this section there is a discussion of all the appropriate or available

frequency bands, but with emphasis on detailed discussion of those frequencies
identified by Resolution 521.

3.1 Available frequency bands

The following bands above 10 GHz are allocated to the BSS in
Article 8 of the Radio Regulations:

12 GHz band:

the band limits are different in Regions 1, 2 and 3, and require
slightly different receiver RF designs. The band was planned in 1977 for
Regions 1 and 3. (27 MHz bandwidth channels) and in 1983 for Region 2

(24 MHz bandwidth channels). '

With the possible exception of those countries in Region 2
whose assignments include all 32 channels, only certain transmission
formats can be accommodated in the 12 GHz BSS Plans for Regions 1, 2
and 3. These Plans are not appropriate for the use of single channel
wideband transmissions because of constraints on channel spacing and
interference limits. More details can be found in § 6 of Report 631 =
on sharing.

23 GHz band:

from 22.5 to 23 GHz for Reglons 2 and 3 subject to Article 14 of the
Radio Regulations. It is not allocated to the broadcasting satellite
service in Region 1.

The 23 GHz band is a possible worldwide band for HDTV
broadcasting by satellite. However, use of that band for the BSS would
be constrained by propagation factors and the need to share with the
fixed, mobile and inter-satellite services also allocated to this band
and to protect the radio astronomy service. This will be discussed in
more detail in the next section.
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42 GHz band:
from 40.5 to 42.5 GHz - worldwide allocation.

This band 1s allocated worldwide to the BSS with the
terrestrial broadcasting service sharing the band on a permitted basis.

The rain attenuation is considerably greater than at lower
frequencies.

Furthermore, high-power transmitting equipment and low-noise
receiving equipment are not available for this band.

85 GHz band:
from 84 to 86 GHz - worldwide allocation

The 85 GHz band is allocated worldwide to the BSS, with the
terrestrial fixed, mobile, and broadcasting services sharing the band on
a "permitted" basis (see RR Footnote 913). This band is even less
promising than the 42 GHz band from the point of view of propagation
and technology. :

3.2 Other suitable frequencv bands

In general, at frequencies above 10 GHz, rain attenuation
and rain depolarization increase with frequency. In addition,
absorption is particularly large near the resonance frequencies
of certain atmospheric gases. In particular, absorption is well
above the generally increasing trend line near 22, 60 and 120 GHz.
Since the attenuation above any of these frequencies is always
greater than attenuation below them, the most suitable bands for
space-to-Earth paths lie below 22 GHz.

Throughout the range from 1 GHz to about 22 GHz, attenuation
in a completely dry atmosphere is low. Moreover, rain attenuation
increases only slightly as the frequency is increased from 1 to 10 GHz.
However, between 10 and 22 GHz, rain attenuation can increase by an
order of magnitude for a given rain rate.

Although bands below 10 GHz would appear to be more suitable
from the standpoint of their physical characteristics (rain attemuation
and depolarization, coherence bandwidth, scintillation levels etc.) the
bands between 10 -and 22 GHz deserve first attention because of the need
for large amounts of bandwidth to accommodate HDTV and the particularly
difficult sharing situations that would be created in heavily used bands
below 10 GHz. . '

P.f.d. limits are usually adopted to protect terrestrial
systems from interference from space stations in the frequency bands
shared on an equal basis by terrestriasl and space (space-to-Earth)
services. There are now no shared allocations to terrestrial and space
(space-to-Earth) services in the frequency range 19.7-31 GHz with the
exception of the band 22.5-23 GHz, which can be used by the BSS in
Regions 2 and 3, subject to Article 14 of the Radio Regulations.
Therefore no p.f.d. limits have been established in this frequency
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range. Studies have been carried out to establish the sharing

requirements of some of the services in these bands. Details can be

found in the CCIR Reports referred to in Section 12. An exhaustive

study of all the bands referred to in Resolution 521 has not

been carried out. Selective studies of some frequency bands have

shown that there would be sharing difficulties to a greater or lesser
extent over the whole frequency range identified in Resolution 521. Further
studies are necessary.

4, Propagation factors affecting the use of these bands

This section summarizes the various propagation characteristics of the
many frequency bands indicated in the previous section as possible bands for
satellite emissions of HDTV. :

A large number of models have been developed in the past to predict
propagation effects on terrestrial and space-Earth links.

The CCIR has selected the method which showed the best compromise
between accuracy and simplicity. This method is described in Report 564-3.

This method in its present form gives quite reasonable results, when
compared with available data. However, measurements conducted in Japan indicate
that this method tends to underestimate the losses and the difference
corresponds to the estimated increased absorption during rain.

New European results tend to show that the ESA prediction is slightly
better than the CCIR method when compared on an "rms error" basis. Nevertheless,
it is felt that the predictions from the CCIR model are reasonably well founded
for latitudes of about 30° and greater, but would tend to over-estimate the
attenuation at lower latitudes.

4.1 Atmospheric absorption

Beyond about 8 GHz, the effects of the atmosphere on satellite
transmission become non-negligible. Gaseous absorption is mainly attributed to
the presence of water vapour in the atmosphere which causes absorption to
increase with frequency in addition to the presence of absorption bands, the
first one being centred at 22.8 GHz. The presence of oxygen results in
absorption bands located around 60 and 120 GHz.

Figure 3 of Report 719-2 shows the level of absorption as a function of
frequency and Report 564-3 gives the corresponding analytical model.

4.2 Rain attenuation

Rain is considered to be the most important source of attenuation on
the space-Earth links. The various measurements of rain attenuation show that if
the attenuation at 12 GHz is x dB, then at 20 GHz it is approximately 3.5x dB,
at 30 GHz about 6x dB, and at 42 GHz about 8x dB.

The attenuation caused by rain is heavily dependent on the amount of
precipitation at the specific location. Report 564-3 has defined different rain
zones covering the globe so that appropriate precipitation levels can be used in
the rain attenuation model.

For an average temperate climate (Europe), the figures in Table I may be given as estimates for the
attenuation caused by rain, as a function of the frequency and the percentage of the worst month.
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TABLE 1

Estimated rain attenuation for average temperate climate

Frequency (GHz)

12

23

42

85

Percentage (%)

99
of worst month

99.9

99

99.9

99

99.9

99

99.9

Attenuation (dB) 1.5

4.5

45

13.5

11.6

35

19

57

Worst month statistics of attenuation in rain (Table I1) were obtained
using simultaneously passive radiometers at 12 GHz and 23 GHz for five years in

Tokyo.

The values include absorption due to atmoépheric gases as well as rain
attenuation. The atmospheric absorption occupies approximately 0.1 dB and 2.8 dB
at 12 GHz and 23 GHz, respectively [Ito, 1986].

TABLE II

Measured rain attenuation in Tokyo

Frequency (GHz)

12

23

Percentage (%)
of worst month

99

99.9

99

99.9

Attenuation (dB)

23.1

It has been shown that for frequencies above the 10 GHz band,
much larger attenuation variations are sometimes experienced over rather
small areas. These large attenuation variations over the region are the

result of climatological and topographical differences and are often
referred to as microclimates. They can create holes in the satellite

footprint such that the -3 dB or -1 dB contour of the p.f.d. cannot be
guaranteed over the whole of the central area.

Studies by the European Space Agency have shown that this probiem can be
ameliorated by using beam shaping of the satellite footprint to increase power
flux densities in those areas likely to be most at risk.

A study of the fade durations statistics was conducted in Europe and it
was found that fades of a duration of 10 seconds and longer contribute to 97-99%

of total fading time. Bearing in mind the frequency scaling factors involved,

one can assume that the fade duration distribution for fades of 6 dB and higher

at 23 GHz and for 15 dB and higher at 42 GHz will have the same statistical

characteristics.
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For linear polarization, minimum rain attemuation occurs when
there is an alignment between the polarization vector and the local
vertical axis of the rain drops. Maximum attenuation occurs in the
horizontal direction because falling rain drops are oblate. In the case
of circular polarization, the vector is assumed to be at 45°, hence
representing the in-between case for rain attenuation. Vertical
polarization will produce a rain attenuation typically in the range of
75% to 95% of the rain attenuation produced by circular polarization.

The measurements of rain attenuation at 30 GHz were also
carried out using a space diversity system (i.e., two space-Earth
paths); an improvement in performance of about 4 dB for 0.1% of the
worst month was obtained. It can be concluded that the use of the space
diversity concept for the feeder links to the BSS working at these high
frequencies might be a way to overcome high attenuation levels.

4.3 Rain depolarization

Rain-induced depolarization of a transmitted wave occurs as a
result of the non-spherical shape of rain drops.

Even though -circular polarization was adopted for the BSS at
12 GHz, a consideration of the type of polarization to be used at 23 GHz
may be required so that the practical advantages of circular
polarization can be compared with the lower rain attenuation and better
cross-polar discrimination that can be obtained from linear polarization
when it is close to local vertical or horizontal. This is even more true
for the cases where frequency reuse is impossible due to very poor
discrimination from the circular polarization.

In the case of linear polarization, an improvement over
circular polarization of up to 15 dB in discrimination can be obtained
if the polarization vector is close to the local vertical or
horizontal. It should be noted that cross-polarization due to ice
crystals at high frequencies (20-40 GHz) is still a largely unknown
phenomenon and care therefore needs to be taken when considering the re-
use of these frequencies by means of orthogonal polarization.

Depolarization for circular polarization can be predicted by
the model described in Report 564-3. Recent measurement results were
found to be in good agreement with predicted values. It should
be noted that the semi-empirical formula given in Report 564-3
has not been tested for frequencies above 35 GHz.

Using the semi-empirical formula given in Report 564-3 (Geneva, 1986)
relating cross polarization to attenuation, and taking account of the frequency,
Table III can be drawn up for cross polarization.
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TABLE TII

Predicted cross-polarization isolation

Frequency (GHz) 12 23 42

Percentage (%)

99 99.9 99 99.9 99 99.9
of worst month

Available cross
polarization isolation
(dB) 30 20 25 15 24 13

Worst month statistics of rain repolarization were derived in Table 1V by
measuring the beacon signal from the CS at 19.5 GHz for six years in Kashima.

) The values at 23 GHz and 42 GHz were scaled from the measurement at
19.5 GHz [Fukuchi, 1985].

TABLE IV

Measured and frequency-scaled cross-polarization isolation

Frequency (GHz) 19.5 . 23 42

Percentage (%)
of worst month

99 99.9 - 99 99.9 " 99 99.9

Available cross
polarization - 28.3 20.2 26.8 18.7 20.9 12.8
isolation (d4B)

4.4 Other propagation effects

Although the atmospheric impairments on radiowaves at frequencies above
20 GHz are dominated by rain effects, two other mechanisms, i.e., clouds and

melting layers, may become increasingly important under certain conditions when
going to higher frequencies.

Cloud effects on radiowave propagation can be described in terms of
attenuation, scintillation and depolarization [CCIR, 1986-90b and c],

4.5 Propagation experiments in the frequency range up to 23 GHz

Space-based and terrestrial propagation measurements and experiments, up to
23 GHz and beyond, have been conducted for many years, and more are firmly
planned.

The results of wholly terrestrial measurements and radiometer observations,
both of which have been taken for many years over a wide range of frequencies and
in many rain climatic zones are useful.
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Space-based propagation measurements in this frequency range have been made
using several spacecraft: SIRIO (18/12 GHz), ETS-V (30/20 GHz), TELE-X (18/12 GHz)
and TDF-1 (18/12 GHz).

Additional data will be available from BS-B (18/12 GHz), TV-SAT (18/12 GHz),
DFS/KOPERNIKUS (30/20, 30 GHz) and from the OLYMPUS (30, 18/30, 30/20 and 12 GHz)
experimental satellite of ESA and the ACTS (30/20 GHz) satellite of
NASA (from 1992). These latter programs will provide information on the depth and
duration of fades (signal attenuation) for small percentage of time, over a wide
range of elevation angles, and'in a variety of rain climatic zones. Feeder-link
power control and small-scale earth station diversity will also be studied.

5. HDTV transmission techniques

5.1 General aspects

The important features of HDTV production systems as envisaged in
Report 801 and relevant to the design of broadcasting systems are:

- spatial resolution in the vertical and horizontal directions of
about twice that available with Recommendation 601;

- improvements in temporal resolution beyond that
achievable with Recommendation 601 with no significant cost

penalties;

- improved colour renditionm; -
- separate colour-difference and luminance signals;
-~ a wider aspect ratio with display on a large screen;

- multi-channel high fidelity sound.

The radio frequency bandwidth required is a function of the baseband
bandwidth of the coded signal. Satellite systems are power limited and it is
important that the spectral efficiency be optimized as far as possible.

The unprocessed HUDTV eignal is likely to require a baseband-width of
around 60 MHz or a bit rate of over 1.2 Gbit/s if coded digitally [Shelswell and
Dosch, 1986]. Such large spectrum demands are unlikely to be satisfied in
existing or possible future bands and a significant amount of bandwidth
compression must be applied. This leads to increased cost and complexity in
system receiver design, and/or loss of quality; appropriate solutions must be
found.

However, the use of a new frequency band could allow the future
possibility of introducing an HDTV system of higher quality with a limited
amount of bandwidth compression.
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One feature which is highly desirable, although not absolutely
necessary, is "downward compatibility". As defined in Report 801-3, a new
emission standard is "compatible" with an existing emission standard if signals
of the new standard can be received and displayed, without additional equipment,
with receivers designed for the existing standard. The quality should be about
the same as the quality when a signal of the existing standard is received.
Examples of the existing downward compatible systems are given in section 6.

The following sections describe HDTV signal transmission techniques,
leading to examples of transmission formats and their required radio frequency
characteristics.

5.2 Video signal multiplexing

Multiplexing of luminance and colour-difference signals may be FDM or
TDM, but TDM signals are less susceptible to FM noise and differential gain and
phase when applied to BSS (see Report 1074). For this reason, most of the
proposed HDTV transmission formats use a TDM scheme.

Compression ratios of luminance and chrominance are between 2:1 and
4:1. Colour-difference signals are multiplexed with the line-alternating method.
Adoption of quasi-constant luminance processing is effective for reduction of
the impairment caused by noise in the transmission path [Ninomiya, et al.,
1987].

5.3 Bandwidth reduction techniques

Currently proposed HDTV studio standards have a video bandwidth or bit
rate 4 to 5 times higher than the conventional analogue (Report 624) and digital
standards (Recommendation 601). There is insufficient radio spectrum to permit a
4 to 5 fold increase in RF bandwidth and compression techniques which enable an
HDTV signal to fit into a relatively narrower bandwidth channel, of the order of
once or twice the width of those already planned in the 12 GHz bands, are
required.

Sub-sampling is a widely used approach for bandwidth reduction of a
signal by discarding some of the information present in the original signal
without causing serious picture quality degradation. Diagonal or quincunx sub-
sampling in the two-dimensional spatial domain is most common for this purpose.
Temporal domain sub-sampling can be applied to the diagonal sub-sampling when
further reduction of bandwidth is required for narrow-band transmission
[Ninomiya, et al., 1987; Long and Stenger, 1986]. This method is called multiple
sub-sampling or 3D sub-sampling. Linear sub-sampling can be used as a simple
way to perform two-dimensional sub-band filtering. Also, the refresh rate of
each sub-band can be made to differ, hence realizing a simple version of three
dimensional sub-band coding [Tsinberg, 1989].

Line-column conversion (frame of field shuffling) is proposed for the
purpose of increasing the vertical sampling rate combined with sub-sampling in
case of using a rather small number of scanning lines such as 525- or 625-lines
for transmission [Sauerburger, 1987; Iredale, 1986].

It is also possible using appropriate digital filters to reduce the
number of lines in the transmission format (typically by 35% [Nishizawa and
Tanaka, 1982}), by interface to sequential scan conversion. The principle is
based upon the fact that particularly interlace scanning does not provide the
full quality potential which czn theoretically be attributed to the relevant
number of lines [Long and Stenger, 1986].
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Motion adaptive control of pre-and post-filtering and/or sampling structure
can be applied for better picture quality. Motion compensation techniques may
also be needed for the temporal interpolation of sub-sampled signals in case of
uniform motion such as camera panning or tilting [Ninomiya, et al., 1987]. The
effectiveness of motion compensation techniques can be further enhanced using
more extensive digital assistance [Storey, 1986] to control the receiver. Motion
detection and measurement are performed at the coder on the uncorrupted source
signal and a digital motion control signal is transmitted with the compressed
(analogue) video signal to select the decoding mode in the receiver. Most of the
complexity is now moved to the broadcaster’s transmitter which should assist
with manufacturing lower cost , higher performance receivers.

For analogue transmission, further techniques can reduce the required
channel bandwidth by applying appropriate pre-processing to the analogue video
signal before frequency modulation. By allowing wider FM deviation for the
useful components of the active part of the vision signal, it helps to reduce
signal susceptibility to noise and interference. The main goal is to apply all
possible measures before frequency modulation to reduce the difference between
the peak and the average power of the signal and to produce a more symmetrical
FM spectrum. The following measures can be applied:

- elimination of synchronization pulses, carriers and sub-carriers;

- subtraction of DC and low frequency signal content from the
analogue signal with its digital encoding and transmission in the
data multiplex;

- temporal pre-filtering (frame combing);

- instantaneous non-linear signal compression;
- time dispersion (chirp filtering);

- pre-emphasis.

As described in Report 1092 for digital HPTV transmission systems,
additional compression techniques such as predictive coding (intra- and
inter-field/frame DPCM), transform coding and entropy coding can be applied, as
already with conventional digital television transmission (see also
Report 1089).

The main challenge lies in reducing the necessary bit rate from about
1.2 Gbit/s (studio signal) to a rate suitable for satellite broadcasting. Hybrid
DCT seems to be a promising procedure among various techniques. Adequate quality
for both moving and still pictures has been reported achievable with a bit rate
of about 120 Mbit/s [Kutka, R. and Waidhas, W., 1988]. Currently, real-time
codecs for this technique are under develepment in various countries. A codec
using inter-field DPCM with adaptive quantizing and 4-bit fixed length codes has
been developed as described in Report 1092.

5.4 Sound and data multiplexing

Due to requirements of quality, capacity and flexibility, sound and
data signals should be transmitted in digital form. In case of analogue
transmission of vision signals, either baseband or RF TDM of digital sound and
data can be used. The transmissible bit rate in the case of RF TDM is higher
than that of the baseband TDM. For the sound system of HDTV, multi-channel
systems such as 4-channel (3-channels for front and l-channel for rear) or
S-channel (S5-channel for front) systems as well as 2-channel (conventional
stereo), have been proposed. Nevertheless, not all channels may need to be
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transmitted if a suitable matrixing were used in the receiver. The currently
required bit rates are in the range from 1.35 to 3.4 Mbit/s, depending on the
coding scheme and the error protection method used. In order to reduce the bit
rate for sound, new coding schemes have been developed such as DPCM

[CCIR, 1986-90d] while retaining a high sound quality. Even more efficient
coding schemes such as sub-band coding [Theile, et al., 1987] are being
developed and can reduce further the bit rate.

Sound coding schemes and their evaluation are discussed in Report 953.
According to CCIR Report 954-1 a certain amount of capacity for

additional data should be provided, including that required for any digitally
assisted television control signals.

5.5 Modulation techniques

Narrow RF-band HDTV signals intended for the operation in the 12 GHz
band have to comply with the interference criteria on which the respective Plans
are based. The service objective for the picture and sound should be met.

Wide RF-band HDTV signals for satellite broadcasting in the range
12.7 - 23.0 GHz require the use of suitable modulation and channel coding
methods to cope with the difficult propagation characteristics existing

throughout this part of the spectrum and which generally get worse at the higher
end of this range.

5.5.1 FM modulation

Frequency modulation is usually used for the transmission of analogue
BSS signals. The advantages of FM are its relative insensitivity to noise and
interference compared with other analogue transmission methods, achieved at the
expense of bandwidth. For television signals the bandwidth may be expressed
empirically by a modified version of Carson’'s formula:

B =adfy + meax
where: B o RF bandwidth (approximate) (MHz)

a : constant for a given system which depends upon the pre-emphasis
used (in MAC and MUSE systems a = 1) [CCIR, 1986-90e] -

fnax: maximum video frequency (MHz)

Afy;  peak-to-peak frequency deviation caused by the low frequency
vision components (MHz). )
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FIGURE 1 - Effect of increasing the video bandwidth on signal-to-noise
ratio for FM transmission (MAC example)

Curve A: with CCIR unified weighting network (CCIR Recommendation 568)

Curve B: reduction of S/N unweighted.

Increasing the baseband width in a system to provide higher definition
pictures has a significant effect on the available video signal-to-noise ratio,

as illustrated in Figure 1.

Thus there is a need to increase the carrier-to-noise ratio when the
bandwidth of the analogue transmission is increased.

In the 12 GHz band, the frequency deviation is restricted by
interference constraints. Consequently for the transmission of an HDTV signal
with about 10 MHz bandwidth, the carrier-to-noise ratio should be of the order

of 17-20 dB.

In the case of the 20 GHz band, the frequency deviation can be
increased to compensate for noise in the channel. However, this may lead to wide
channel bandwidths, high levels of interference and distortion. For efficient
use of the spectrum it may be desirable to set the target carrier-to-noise ratio

at about 17 dB.
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The bandwidth available may also be limited by interference
restrictions if the channels overlap. There is no rule to predict acceptable

levels of interference. Thus, the required channel spacing for a proposed system
must be determined experimentally.

) Existing FM systems employ linear fixed emphasis characteristics. But
it is important to use more suitable emphasis characteristics in order to
obtain a high signal-to-noise ratio. Non-linear emphasis is effective for this
purpose [Ninomiya, et al., 1987] and adaptive emphasis may also be employed for

the same purpose. DC preservation is necessary to utilize the given RF bandwidth
effectively.

) Threshold extension techniques (e.g., phase-lock loop or adaptive
filter) can offer up to approximately 3 dB of threshold extension, which will
decrease the outage time due to heavy rain in higher frequency bands.

5.5.2 Digital modulation

Taking into account the impact of digital technology on the broadcast
field and on the consumer TV market, digital modulation could be the most
appropriate technique for providing future single-channel wide RF-band HDTV
broadcasting services.

Suitable methods of digital modulation are 4-PSK, 8-PSK, 16-QAM and
possibly even 64-QAM, which give a range of trade-offs between power, bandwidth
requirements and ease of sharing. Further study of their performance through a
satellite channel is required, including the use of the non-linear transponder
for non-constant envelope signals.

Laboratory investigations on a hardware satellite simulator have been
carried out in Italy [Cominetti, Morello and Visintin, 1989] to evaluate the
influence of the power amplifier (TWTA) non-linearities on the performance of
three digital modems: QPSK, 8-PSK and 16-QAM. For different values of the TWTA
output back-off (OBO), the E, /N, ratio, corresponding to a BER of 10°5, has been
measured. The following results, confirmed by computer simulations, were
obtained:

QPSK can efficiently operate close to saturation (OBO = 0 dB, i.e. with
maximum TWTA power; E,/N, = 12 dB). For 8-PSK, the optimum performance was found
with 0.5 dB OBO (E,/N, = 17.3 dB). 16 QAM showed high sensitivity to
non~linearities because of its inherent amplitude modulation and it is necessary
to operate with about 7 dB OBO (E,/N, = 24 dB), giving very low power
efficiency.

Studies [Shelswell and Dosch, 1986] indicate that a 27 MHz channel
might support a maximum of between 60 and 100 Mbit/s depending upon interference
effects and given a carrier-to-noise ratio of 20 dB. However, given the
extremely high compression needed (> 10:1) to reduce the digital HDTV signal to
this capacity, it is unlikely that an all-digital system can be achieved in a
narrow RF-band channel.

QPSK or 0-QPSK digital modulation allows operation at significantly
reduced C/I conditions which are typically 10 dB lower than for conventional FM.
Co-channel operation using orthogonal polarization can therefore be envisaged
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for the same service area. Furthermore, owing to the low sensitivity to
interference from other digital signals, QPSK or 0-QPSK would probably allow
more spectrum/orbit efficiency in planning without the need for taking into
account interference from adjacent orbit positions.

Because of this property overall spectrum efficiency with digital
systems for a given band (i.e. the number of channels per service area) should
at least be equal to that using an analogue FM wide-RF band system which needs
only about half of the bandwidth for an individual channel but does not allow
co-channel operation [Shelswell and Dosch, 1986; CCIR, 1986-90f] .

Higher-order modulation schemes like 16-QAM, characterized by higher
‘spectral efficiency than QPSK, require not only higher C/N values but also
higher protection ratios, precluding co-channel operation using orthogonal
polarization.

For a digital system, the overall HDTV service quality jointly depends
on the performance of the picture coding algorithm and on the available margin
against noise and interference, allowed by the RF-channel performance. The
system optimization then requires a trade-off in the bit-rate allocation between
"source video coding" and "modulation and channel coding" to achieve the highest
picture quality with minimum outage times.

Studies for digital HDTV broadcasting are based on the inclusion of
suitable forward error-correction and/or trellis modulation to ensure perfect
picture quality for most of the time and useable picture quality up to a

bit-error ratio of 1073,

6. Examples of HDTV transmission formats and their RF bandwidth
requirements

Tables V(a) and V(b) give examples of HDIV transmission formats. The three examples
(Table V(a)) are for transmission in the planned 12 GHz bands provided that the
appropriate protection ratio requirements are shown to be met. These kinds of
systems require extensive signal processing in order to allow the HDIV signal to
fit into a single 24/27 MHz channel. However, for these systems the resolution
in moving areas of the picture will be approximately one-half of the resolution
for static pictures. In order to be free from these limitations it will be
necessary to increase the video baseband bandwidth and consequently the RF
bandwidth.

Other systems which can be carried in one 24/27 MHz channel have been
partially demonstrated and others are still at various stages of development
[CCIR, 1986-90g; Glenn, 1987; Iredale, 1986],

The four examples in Table V(b) require a wider bandwidth which could possibly
be accommodated in the 23 GHz band (in Regions 2 and 3) or in a suitable new
world-wide frequency band yet to be allocated.

The first and second colums (Table V(b) show the possibilities for various
analogue systems (including MAC/packet compatible systems) intended to give good
quality but their bandwidth requiremencs are such that they could only
be implemented in a frequency band not subject to the planning
constraints of the 12 GHz band. A band in the 20 GHz range suitable for
wide RF bandwidth systems is therefore suggested.
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TABLE V(a)

Characteristics of example narrow RF-band
HDTV satellite broadcasting systems

Parameter System N1 (MUSE) System N2 (HD-MAC) System N3(c)
Aspect ratio 16:9 16:9 16:9/4:3
Picture rate (Hz) 30 2s(1) 59.94
Active lines/picture 1032 1152 720
t45.55
Basic sampling Y: .
frequency (MHz) C:14.85 54 75.6
Active samples/line: (%)
lu;.iﬂ.::g * ]-122 1440 1.:328
colour differencs 376 720
. analogue and
Type of coding analogue analogue digit.al
Compression method motion-adaptive n::iuu“ailpﬂive adaptive
sub-sampling sub-sampling -ban s
motion- with motion sub d Codlng
compensation compensation
Maximum luminan
and width (m:,fi) 22 21 28.9
HMaximum colour fezence
bandwidth (tﬁiz)?% 7 10.5 9.6
Luminance sub-sampling -
(horizontal) 3:1 2:1
Colour difference R -
sub-sampling (horizontal) 4:1 2:1
Colour difference -
Sub-sampling (vertical) 2:1 2:1
Luminance compression 12:11 3:2 8:1
Colour difference .
compression 48:11 3:1 -
Transmitted basz
bandwidth (MHz)(3) 3.1 10.125 6.0
Digital assistance
(Mbit/s) - 1-2 -
Coded video
bit rate (Mbit/s) - - 90
Digital sound/data -
multiplex (Mbit/s) 1.35 1.So0r 3
Sound signal
bandwidth (kHz) 20/15 15 15
Sampling frequency
(kHz) a8/32 32 32
Number of sound channels 2/4 2/6 or 4/8 3
Coding/modulation
method DEQ/ternazy PQM4/ducbinary To be specified
Companding law is-zo-a Linear 14/
(8 ranges) 14-10 NICAM To be specified
/16-to-11
(6 ranges)
Digital time
comprassion 13.5:1 8§.6:1 12.5:1

Error protection

- coding included above included above To be specified
Symbol rate (Mbsud) 12.15 Ternary - 11.2
Instantaneous
. - <
bit rate (Mbit/s) A HEIIT) 2.6
Type of ™ ™ ™
modulation
end deviation,A FL (MHz)

10.2 9.55 To be specified
Required RF
bandwidth(Miz) 27/24 27 27/24

87
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TABLE V(b)
Characteristics of example wide RF-band
HDTV satellite broadcasting systems

Parameter System W1 System W2 System W3 System W4

Aspect ratio 16:3 16:9 16:9 16:9

Picture rate (Hz) 25¢1) 30 25¢1 30

Active lines/picture 1152 1035 1152 1035

Basic sampling Y:59.4 Y:74.25

£z (MHz) 54 or 72 7. 72 tih.

ey R C:29.7 C:37.125

Active :npln/linc:( )

luminance 1440 or 1920 1536 1520 1920
colour differenca 720 or 960 768 960 960

Type of coding analogue possibly analogue digital digital
with digital
assistance (DATV)

Compression method motion-adaptive motion-adaptive sub-samplin : . s
sub-sampling sub-sampling and adaptivz- adaptive predictive
possibly with pndi;tiv- DCT, block variable
motion- transform variat :
compensation length coding length coding

Maximum luminan

and width (Miz)(2) 21 or 24 27 21-24 30

Maximum colour ference:

bandwidth (Hﬂz)?if 10.5 or 12 13.5 10.5-12 15

Luminance sub-nmplln; :

(horizontal) 2:1 2:1 3:2 none

Colour diffsrance - )

sub-sampling (horizental)' 2:1 4:1 3:1 none

Colour diffarenca

Sub-sampling (vertical) 2-1 2:1 2:1 none

Luminance compression 3:2 25:22 8:3¢7) 8:1.33

Colour differencs 7

compression 3:1 50:11 8:27) 8:0.67

Transmitted bas

Bandwidth (Miz) (3 18 16.875 - -

Digital assistance .

(Mbit/s) up to 8 - included in video -

' bit rate

Coded video

bit rate (Mbit/s) - - 127-147 12

Digital sound/data

multiplex (Mbit/s) 1tos 2.7 2.5 3.072

Sound signal . . )

bandwidth (kHz) 218 20/15 To be specified 20

Sampling frequency

(kHz) ™ > 32 48/32 To be specified

Number of sound channels >2/4 4 To be specified 4

Codin;/modnl,ar.:.on P

method to be spec]_fled DPCM/PCM To be specified POM

Companding law Linear 14/14-10

> ¢ NICAM or to be 16-12/16 To be specilied none
specified

Digital time -

comprassion 6.6 or 6:1 13.5:1 -
- Error protection

- coding (Mbit/s) included above included above 10.5 about 12

Symbol rate (Mbeud) - 24.3 ternary - -

Instantanecus )

‘bit rate (Mbit/s) 54l ?f - 140-160 135

z(i 5

Type of M or FH + 4 ™ Digital P i -

modulation PSK family (8) 4FSK Digital Eg; g-m

and deviation,s Fy (Mdz) (b) 8FSK
9.55 to 18 12-21 (c) 16QA4 (c)16-QAM

Required RF -n{®)

bandwidth(MHiz) 45~54 43-54 (a) 105‘:‘ (8 (a) 81

(b) 70-32°%0, b) Su
(c) $2.5-80 ¢} &o
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Notes to Tables V(a) and V(b)

(1) Display in an HDTV receiver would normaily be after suitable up-
conversion, for example 1250/100/2:1 (lines/field rate/interlace).

(2) Some, loss of resolution will occur in moving areas of the picture,
related to the nature and/or speed of motion. This will be much less
for wideband systems.

(3) -6 dB point for overall transmission path.

(4) Source format.

(5) During digital transmission periods.

(6) Compatible with MAC/Packet family of CCIR Report 1073.
(7) Reduction in mean quantization accuracy, bits/sample.
(8) Shaping factor 1.5. |

6.1 Narrow RF-band systems

6.1.1 System N1 (MUSE

SystemN1 is the MUSE system developed in Japan for HDTV broadcasting
using a single planned channel [Ninomyia, et al., 1987; CCIR, 1986-90h],

The baseband signalvbandwidth is 8.1 MHz. It uses 4:1 dot-interlaced
sub-sampling which employs inter-field and inter-frame offsets.

. Properties of the luman visual systam are effectively taken
into the design. The technique of motion compensation is applied for
the purpose of improving the effect of sub-sampling, in the case of
uniform movement in the picture. Non-linsar emphasis is applied to
improve emphasis gain. Quasi-constant luminance processing is applied
to reduce impairment caused by moise in tha twansmissicn path.

A detailed technical description is given in Annex II.

Digital transmission of the MUSE signal (System N1) is'possible. For
this purpose, a DPCM system has been developed with the total bit rate from

64 to 100 Mbit/s [CCIR, 1986-90j].

6.1.2 System N2 (HD-MAC)

SystemNZ2 is the HDMAC system currently being developed in Europe for
use in the 12 GHz planned band [CCIR, 1986-90k, 1, m and n]}.

This system has been designed to be compatible with the MAC/packet
family of standards (see Report 1073 and the CCIR Special Publication:
Transmission Systems for the BSS) and employs spectrum folding, sub-
sampling and motion adaption to preserve the resolution of both static and
tracket motion for high definition reception. After adaptive sub-sampling
and filtering a 625-1line MAC compatible signal is obtained for
transmission. Adaptive filtering and display up-conversion are applied in
the high definition receiver, using motion detection and vector measurement
derived from the codes. Motion-adaptive control data is signalled to the
re::iver using DATV (digitally-assisted television) techniques [Storey,
1986).

Further details are given in Annex III.

In addition, digital transmission of the HD-MAC signal (System N2) at
140 Mbit/s has been demonstrated at IFA, Berlin in 1989 [CCIR, 1986-900].
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6.1.3 System N3 (North American systems)

The three systems described in this section are at various stages of
development in North America for satellite emission in an NTSC (System M)
environment.

6.1.3.1 System N3(a) (HDS-NA)

The HDS-NA system (High Definition System - North America) accepts
either a 525-line progressive scan or a 1050-line interlace input signal. With
the former input, it provides a luminance horizontal resolution of 500 lines per
picture height (lines/ph) with 480 active lines delivered at a 59.94 Hz refresh
rate. When a 1050-1line interlaced source is used, the vertical resolution is
nominally 680 lines. This system also provides four audio channels and
conditional-access information. Satellite testing will begin in 1989. A more
detailed description of this system is given in Annex IV, section 1.

6.1.3.2 System N3(b) (HDB-MAC)

The HDB-MAC (High Definition B-MAC) system is an outgrowth of the B-MAC
system which is described in the CCIR special publication "Specifications of
transmission systems for the broadcasting-satellite service".The HDB-MAC system
employs a 525-line; 2:1 interlaced transmission, allowing simple conversion to
NTSC for non-HDTV viewing. The system employs sub-Nyquist spectrum folding to
trade diagonal resolution for increased horizontal resolution. This system
allows for dual aspect-ratio transmission (16:9 or 4:3). The system provides
six digital audio channels, a 63 kbit/s utility data channel, up to 600 rows per
second of text data and a conditional access data channel. A more detailed
description is given in Annex IV, section 2.

6.1.3.3 System N3(c) (SC-HDTV)

The SC-HDTV (Spectrum Compatible HDTV) system is the third system being
developed in North America. It is a progressively scamnmed 59.94 Hz system
employing sub-band video encoding and five transmission processing steps to
provide the required enhanced signal-to-noise performance within a conventional
baseband of 6 MHz bandwidth. FM satellite transmission efficiency is improved by
allowing increased FM deviation for the most important components in the video
signal and by increasing the symmetry of the modulated FM spectrum. A more
detailed description of this system is given in Annex IV, section 3.

6.2 Wide RF-band systems

6.2.1 System W1
System W1 is proposed as a .developmen: of HD-MAC for a wideband RF

channel of up to twice the bandwidth of the existing planned channels. It would -
provide improved high-definition quality, possibly with a simplified receiver.
‘Ihere are two options, one based on 54 MHz sampling [Sauerburger,1987] which
would be compatible with System 2 HD-MAC receivers and one based on 72 Mz
sampling [Storey, 1986] which would provide higher performance with much greater
use of DATV, but is not completely compatible -

6.2.2 System W2

.

System W2 is a non-compatible 60 Hz based system using 2-field offset
sub-sampling. This system offers higher spatial resolution both for static and
moving areas, compared to MUSE. The required RF bandwidth is between 45 and
54 MHz.
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6.2.3 System W3

System W3 is an all-digital example which is not compatible with
MAC/packet receivers, but retains compatibility at source with the CCIR
Recommendation 601 625-line standard. Using 4-PSK modulation, the required
bandwidth could be as high as 120 MHz, but if 16 QAM were used a RF bandwidth
between 50 and 60 MHz is possible.

If the expected progress on bit-rate reduction techniques allows,
without quality degradation, a further reduction in the video bit rate assumed
in System N3 (Table V (b)), more powerful channel coding and modulation
techniques may be adopted to increase the margin against noise and interference
and to reduce the satellite power and outage times.

Studies carried out in Italy [Cominetti,Morello and Visintin, 1989]
show that an HDTV system based on Hybrid DCT picture coding (at about
100 Mbit/s) and using 140 Mbit/s QPSK modulation, with rate 3/4 convolutional
coding and soft decision Viterbi decoding, would allow a coding gain in the C/N
ratio of about 5.2 dB with respect to System W3. The required RF bandwidth is
105 MHz, as for System W3.

6.2.4 System Wi

System W4 is an all-digital example based on the combination of
predictive coding and DCT for emission of 1125/60 studio signals. The total bit
rate of this system is 135 Mbit/s. Using 4-PSK or 8-PSK modulation, the required
RF bandwidths are 81 MHz or 54 MHz, respectively. However, RF bandwidth of about
40 MHz is possible using 16-QAM. This system can be applied for transmission
using the H, level of the B-ISDN.

6.3 Downward compatibility

Following the definition of downward compatibility given in
section 5.1, several approaches are possible.

One approach for compatibility between conventional television and
high-definition television is two-channel transmission systems [CCIR, 1982-86a;
Sauerburger and Stenger, 1984]. All signals necessary for receiving by
conventional receivers are carried by one of the two channels. The other channel
carries the additional information to permit reconstruction of the HDTV picture.
However, there is now much interest in the development of HDTV formats which can
be carried in a single channel.

In North America three systems are under consideration for satellite
emission formats. They are based on a wide range of techniques for increasing
resolution for a given channel bandwidth. Two of these proposed systems have
versions suitable for terrestrial and satellite emissions and one system is
intended exclusively for satellite emission. These systems have varying degrees
of compatibility with existing NTSC receivers. Two are of the MAC type which
result in a relatively simple converter for the picture information although the
accompanying digital audio has to be extracted from the data multiplex. The
third system which relies on video sub-band encoding was not intended to provide
for a compatible NTSC signal and will require a more complex converter for NTSC
display. Nevertheless, in all cases the field rate is the same as for NTSC and a
simple relationship was preserved between the line rates of these three emission
systems and the line rate of NTSC. This will allow for a much simpler conversion
to NTSC.
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In Europe, active studies are under way concerning HDTV systems which can be
received compatibly by MAC/Packet receivers, with the normal quality of the latter
signals. If the high-definition television signal possessed characteristics at the
low frequencies of the spectrum identical to those of the existing MAC signals as
in two of the examples of Table V compatibility between the two types of service
will be possible.

[CCIR, 1986-90p] indicates that the choice in the European Community is for
a :—item which is compatible with the MAC/packet family of transmission standards.
Ccmpatibility with the European DBS emission standard is considered vital for the
coirmercial introduction of high definition television programmes, allowing
consumers to see HDTV broadcasts on their conventional DBS sets and to make a
chmice of when to upgrade to HDTV. MAC/packet compatible HDTV (HD-MAC) was

demonstrated at IBC Brighton, in 1988, and with further use of

digital assistance techniques at IFA, Berlin, in 1989. Experts in
Europe are confident that compatible HDTV can at least match the
quality of non-compatible systems using similar bandwidth transmission.

With the development of consumer equibment.to,this HD-MAC standard,
probably with displays operating at 100 Hz , the options for viewing:
DBS programmes will range from 4:3 PAL/SECAM and MAC to 16:9 MAC and HD-MAC.

The EBU [CCIR, 1986-90q] would support the HD-MAC system as described in
Secticn 6.2.1 provided that it achieves an acceptable balance between HDTV and
compatible MAC picture quality, provides full service continuity for data
services, provides compatibility with the WARC-77 Plan and provides compatibility
with MAC/packet receivers.

Although the MUSE system is not compatible with conventional TV systems, a
MUSE to 525-line standards converter, intended for use with consumer receivers was
develcped and demonstrated. This is of small size (made up of four 20 cm by 30 cm
circuit boards). The resultant 525-line picture converted with this converter has,
on average, higher quality than the normal picture originated with NTSC standard,
although it has some flicker at the edge, with less interference than that caused
by the NTSC cross-colour. It has a simple circuit construction and it will be made
available at a lower price by using LSI technology. The development of this MUSE
to 525-line standards converter gave some prospect to HDTV broadcasting in the
1125-1line systems which can be received utilizing conventional S525-line receivers.

7. Receiving equipment
7.1 Figure of merit

The figure of merit of the receiving equipment depends on the
antenna gain and noise figure of the receiver, and it is calculated by
the definition of usable figure of merit given in Annex I to Report 473,

neglecting, however, the pointing loss, polarization effects and
ageing.

There is a compromise to resolve the problems of using higher
frequencies: if the antenna diameter is maintained constant, there is a
rapid increase in the pointing accuracy needed. Whilst, if it is reduced
in proportion to the wavelength, there is a severe reduction in antenna
aperture. The choices given in Table VI are considered as possible
examples for the satellite broadcasting system.
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TABLE VI - Examples for antenna characteristics

Frequency (GHz) 12 23 42

Diameter .(m) 0.9 0.9 0.5
Half power beamwidth (deg.) 1.9 1.0 1.0
Gain (dB) (n = 657%) 39.2 44.6 44 .2

The most commonly accepted receiver noise figure in the 12 GHz band is
between 1.3 and 4 dB. The figure-of-merit based on a 4 dB figure may be rather
conservative and 1.8 dB would be more appropriate (see Report 473-4 (MOD F)).

A large number of low-noise amplification elements which can be applied
for the 20 GHz range are being developed, with special interest in the HEMT
(high electron mobility tramsistor). At 20 GHz using HEMTs, a single-element
noise figure (NF) of 1 dB and amplifier NF of 2 dB have been achieved [Shibata
et al. 1986]. A GaAs FET, on the other hand, has yielded at the same frequency a
single element NF of 2 dB and amplifier NF of 3 dB [Handa et al. 1986].
summary of the situation is given in Figure 2. The figure shows shows that the current
status of the noise figure is U4 dB for the 20 GHz range and 7 dB for 42 GHz.

W.F. (a8)

Curve A: Current production

Curve B:Best laboratory figures

: Typical estimated value
: Reported from laboracories

“
ol —}—}--]—|—|—]—]—
L
P\‘-

-t beo

: Report 473 range

Frequency ( GMz)

FIGURE 2 - Receiver noise figure performance as a function of freguency

It is noted that the effect of the noise increase due to rain

attenuation should not be neglected for calculation of the figure of merit
(see Report 473).
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Results of figure of merit calculations based on the above conditions
are given in Table VII.
TABLE VII

Example of figure of merit

Frequency (GHz) 12 23 42
Figure of merit (dB(K" 1)) 14.1¢1) 17.0¢2) 12.2
Noise figure (dB) 1.8 4 7

(}) A 16 dB(K™!) figure of merit is expected assuming an antenna with a
1.0 m diameter and a 1.8 dB noise figure in clear sky.

(¢) An 18 dB(K"!) figure of merit is expected assuming 0.9 m diameter
antenna and 4 dB noise figure in clear sky.

In addition to identifying the specifications of the receiving equipment for individual reception, there is
also a need to characterize the equipment for community reception. In the case of the 23 GHz band. the size of
the antenna for community reception will be in the range where automatic tracking might be required. Assuming a
satellite station-keeping tolerance of + 0.05°, a signal peaking accuracy of 0.1 dB at the time of installation and
an allowed link degradation of 1 dB, and assuming the worst mispointing occurrence, the maximum size antenna
that can be used without automatic tracking is 1.8 m. It is therefore suggested that the size of antenna for
community reception be 1.8 m. The corresponding G/ 7T would be 25 dB, with no allowance for mispointing and
equipment ageing.

7.2 Demodulator

Whereas a conventional discriminator is commonly used, a
threshold extension demodulator (phase-lock loop or adaptive filter,
etc.) may also be used and offers up to approximately 3 dB of threshold
improvement for FM systems.

For an overall digital signal, it is expected that the error
performance can be improved by using complex decoding strategies,

7.3 Decoder

Low cost receivers are essential for HDTV satellite
broadcasting to be popular. Most HDTV systems use digital processing
employing frame stores in order to achieve a large scale bandwidth
- compression. The required number of logic gates would be several tens of
thousands and necessary capacity of the store would be of the order of
10 Mbits.

Therefore the reduction of the receiver cost depends on how
efficiently large-scale integration (LSI) can be introduced to signal
processing. Recent trends towards larger capacity LSI stores, from
256 kbit to more than 1 Mbit, and towards digitization of conventional
television receivers are expected to be a favourable impact on
expediting the development of LSI circuits for HDTV receivers [CCIR, 1986-90r],



Rep. 10751 95

Recently, a total of 26 kinds of custom VLSIs have been developed for
the MUSE decoder. Employing these VLSIs, the decoder can be built with 46 pieces
of custom VLSIs. The size and the power consumption of the decoder is
approximately 1/30th that of the prototype made with conventional ICs, and this
represents a significant step forward to realize low cost MUSE receivers for
home use[CCIR, 1986-90s]. .

7.4 Displays

A large-screen high-resolution display is necessary to provide the full
benefits of HDTV viewing. For home use display a screen size of about 1.3 m
(50 inches) in diagonal is a present target for development. Availability of
such displays is a key factor in determining how rapidly HDTV will become
popular.

Direct view cathode ray tubes (CRTs) of up to 1 m diagonal are
currently available in addition to various front and rear projection displays
which provide even larger images. For the home, gas discharge panels and liquid
crystal colour displays are under development and would make the HDTV receiver
much more practical.

Further information of the development of displays is described in
Report 801.

7.4.1 Direct-View cathode ray tube displays

Direct-view displays usiég cathode-ray tubes (CRTs) with an aspect ratio of
16:9 and having diagonal length as large as 41 inches (66 to 104 cm) have peen
developed. The main problem with such large CRT displays is their weight, which
can be as much as 170 kg. ] '
In'1987, a 32-inch (80 cm) CRT was developed with a shadow mask
of Invar steel. It attained a peak brightness of 230 cd/m? [CCIR,
1986-90¢t].

In the first designs, horizontal resolution of 1000 lines, or grszater than
1400 picture elements per active line, and vertical resolution commensurate with
1250 total scanning lines were achieved, using phosphor dot pitches of around
0.3 mm and video bandwidths of about 60 MHz.

Operation at a line- repetition rate of 62 kHz was demonstrated to give 1250
lines progressive scanning at a 50 Hz field rate (1250/50/1:1) or 1250 lines. 2:1
interlaced scanning at 100 Hz field rate (1250/100/2:1) as options to eliminate
interline flicker or large-area flicker.

Projection displays using CRTs have also been developed with
screen sizes over 40 inches (1.0 m).

7.4.2 Front projection displays
Front projection is well developed and most practical for large displays.
Front projectors may provide some of the first displays for use in the home. For
television in cinemas, the most suitable technology is the use of light valvg; and
Schlieren optics. These devices are available from several sources [CCIR, 1986-90u]

However, projection displays up to 3 m (118 inches) can be achieved with

small CRTs for peak luminance figures in excess of 100 cl/m2, and a screen gain of
13 [CCIR, 1986-90u].

A recent example is a front projector designed to provide a 250 cm (98
inches) diagonal 16:9 aspect ratio screen. This device has a peak luminance of 300
candela/m? and a screeﬁ'gain of 10. The modulation transfer function provides
10% modulation at 10D00TV lines [CCIR, 1986-90v and w].
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7.4.3 The development of rear projection displays

Rear projection can provide large displays without commensurate increases :in
weight and overall volume of the receiver: desirable characteristics of receivers
intended for home use. Highly stable receivers with overall dimensions suitable
for home use have been developed with high brightness and contrast. The picture
diagonal was 127 cm (50 inches) with a 16:9 aspect ratio and a 1250 line
interlaced scanning system operating at a 50 Hz field rate (1250/50/2:1); the peak
luminance of 400 cd/m2 was nearly as high as that available with conventional §25-
line receivers., Of perhaps more importance was the attainment of a stable and
relatively high contrast ratic of 50:1.

7.4.4 OQOther HDTV displays under development

A solid-state light valve is being developed in the United States. An array
of thin-film CMOS transistors laid down in the form of a television raster
produces a 20-volt electrostatic deforming field. On top of the integrated circuit
is a deformable layer and a reflective thin film.

A flat-panel display is desirable to make HDTV receivers more
practical for the home and to encourage their use. The most practical
way of realizing large displays that provide the fast operating speed
required by HDTV is with gas-discharge devices. A 20-inch (50 cm) DC
fast-discharge panel with internal memory has recently been fabricated
as the first step towards the development of an HDTV flat-panel dis-
play. This study showed the possibilty of realizing even larger flat-
panel HDTV displays. A 4-inch (10 cm) liquid crystal colour display
using amorphous silicon TFTs has also been developed [CCIR, 1986-90x

and y]. :
7.5 Examples of satellite broadcasting receivers
7.5.1 MUSE satellite receiver

For the reception of experimental HDTV satellite broadcasting in Japan,
the same receiving antenna and outdoor unit as those used for existing satellite
broadcasting with digital subcarrier/NTSC systems are being used.

The indoor unit is configured so as to be able to receive both digital
subcarrier/NTSC and MUSE systems.

The FM detected MUSE signal is supplied to the MUSE decoder, where the
dispersal signal is removed and de-emphasis is performed. The keyed AFC clamp
pulse is supplied from the MUSE decoder to the indoor unit. For this purpose
connecting terminals for the detected signal output and for the clamp pulse
input are provided with the indoor unit.

The efficiency of the receiving antenna and the noise figure of the
outdoor unit which are available in the current consumer market are 68% on
average and 1.8 dB on average, respectively {CCIR. 1986-90z].

In September 1989 developments of prototypes of a MUSE receiver
utilizing a series of custom VLSIs (see section 7.3) were announced.
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The receivers are so designed as to receive those signals of the
conventional VHF/UHF television, of Clear Vision (an enhanced quality television
in Japan), and of Hi-Vision (HDTV in Japan) with a single equipment.

Most of them are capable of reproducing 3-1 Surround Sound (described
in Report 1072) accompanied by the HDTV picture. Connections with VCRs and VDPs
(Video Disk Players) have also been incorporated into their design in some cases
[CCIR, 1986-89aa].

7.5.2 HD-MAC satellite receiver

The HD-MAC receiver includes an HD-MAC bandwidth reduction decoder
(BRD) with possibly an optional upconverter to a field rate of 100 Hz. The BRD
gives as output an Y, U, V signal on the 1250/50/2 standard with an aspect ratio
of 16:9. The upconverter will output an 1250/50/2 signal.

The development of the HD-MAC receivers is based on the experimental
decoder that was made for the demonstrated at the 1989 Internatlonale Funk-
Ausstellung (IFA) in Berlin.

All receivers will be able to display conventional PAL/SECAM signals as
well as MAC signals in both 4:3 and 16:9 aspect ratio [CCIR,1986-90ab].

Compatibility with the European BSS emission standard is considered
vital for the commercial introduction of high definition television programmes,
allowing consumers to see HDTV broadcasts on their conventional DBS sets and to
make a choice of when to upgrade to HDTV. HD-MAC was demonstrated at IBC
Brighton in 1988 and, with further use of digital assistance techniques (see
Annex III and Report 801), at IFA Berlin in 1989 [CCIR, 1986-90ac].

In Berlin the HD-MAC signal was received from TV-SAT by a 90 cm
parabolic antenna and a reconstructed signal was shown on several high
definition displays.

: An experimental surround sound system was added to -the HD-MAC
transmissions, utilizing the flexibility of the MAC/packet system and was
reproduced along with a picture signal thereby enhancing the viewing experience
of HDTV [CCIR, 1986-900].

Conditional access systems have been developed suitable for the HD-MAC
system. They comprise two separate parts: the scrambling and the access control
system. The scrambling system is the process which makes unintelligible the
components of a service (picture, sound and data).

This mechanism uses psuedo-random sequences which are periodically
initialized by control words. The entitlement controller provides the data
scrambler, implemented at the output of the packet multiplexer, and the MAC
compressor with these control words. They are transmitted, in an encrypted
manner, to the MAC/Packet decoder, via a packet channel [CCIR, 1986-90ad].

8. Satellite technology

It is important that the limitations of spacecraft technology are
recognized. This section summarizes the results of studies into high-power
amplifiers, output multiplexers, spacecraft antennas and the overall power
requirements.

8.1 IWT

Travelling wave tubes are already available for space use at
frequencies throughout the range being considered. Studies of both coupled
cavity type devices and helix structures for the 20 GHz range indicate that an
output power of 500 W, with an efficiency approaching 50%, is an achievable
target within a timescale of 10 to 15 years. At 12 GHz, 400 W tubes are already
available.
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8.2 Multiplexer

Multiplexers for use at 12 GHz are well developed. Theoretical studies
at frequencies around 20 GHz show that typical filter requirements can be met
with acceptable insertion loss. However, multipacting would appear to provide a
limit to the power handling capacity. Studies indicate that single filters
should not normally be operated beyond about 225 W RF power at around 20 GHz.
However, there are methods of power splitting between several filters allowing
this limitation to be overcome.

8.3 Antennas

Shaped beam technology may be employed to efficiently cover the service area
with perhaps only 1 dB variation in e.i.r.p. and to provide a geographical

isolation capability not feasible with a simple beam. This may reduce interference
outside the service area.

A study by the European Space Agency looked generally at the antenna
performance achievable at around 20 GHz and concludes that shaped coverages
supporting uniform EIRP are feasible. Regions of higher than average eirp (hot
spots) to compensate for areas of abnormally high rainfall are also feasible. It
is not possible to generalise about off-axis pattern and cross polar performance,
since they are unique to each beam. In general shaping the coverage degrades
cross polar and off-axis performance. Further work is required to accurately
predict radiation pattern performance. It was concluded that only limited shaping
could be achieved for the beam sizes studied, typically one third to one half the
size of the UK, and simple ellipses may be preferable in many cases. If beam
shaping is to be implemented then the shaped reflector approach is preferred since
it affords greater directivity than a Multiple Beam Antenna (MBA). It should be
noted, however, that if multiple coverages are required then only an MBA approach
can achieve this with a single reflector.

8.4 Overall power requirements

The number of transponders which can be accomodated on board a satellite bus
depend on their size and weight, the prime power available, the transponder
efficiency and the ability to dissipate excess heat. Initial studies by the
European Space Agency have provided estimates of the number of TWTs as a function
of TWT power output. Efficiencies of 50% for the TWT and 90% for the electronic
power conditioner have been assumed. Thermal analyses must be performed in more
depth to establish more accurately the spacecraft capabilities. Two 500 watt or
four 250 watt TWTs can be supported by the EUROSTAR 2000 class and four 500 watt
or eight 250 watt TWTs can be supported by the OLYMPUS class spacecraft. In these
cases, the available d.c. power is the limiting factor.

8.5 Experimental satellites

In order to develop the technology for exploiting the 20/30 GHz band
several experimental payloads are available or will be available soon for
various test transmissions, including experiments for future HDTV broadcasting
by satellites in Europe.

In Europe, the satellite DFS-1 Kopefnikus (Germany (Federal
Republic of)) was launched in June 1989. Basically an operational
telecommunication satellite it also carries a 30/20 GHz payload for test
purposes (bandwidth 90 MHz, EIRP 52 dBW). It is planned to use this payload for
wide RF band HDTV transmission experiments. Olympus, a European experimental
satellite, provides a 20 W 30/20 GHz experimental payload of 700 Mhz of
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bandwidth (launched in July 1989). The transmission experiments including wide
RF-band HDTV will be coordinated by the European Space Agency (ESA). In Japan,
studies in an early phase include an experimental 20 GHz payload in the planned
EDRT (Experimental Data Relay Transmission) satellite.

In conclusion, it can be said that, apart from the high-power satellite
amplifier, all elements for future 30/20 GHz BSS satellites are available. It is
predicted with confidence, however, that the required HPA output power will be
available (using coupled cavity TWTs) and that the spacecraft bus can provide
sufficient d.c. power to operate, say, 6 TWIs at 350 W RF output power.

9. Link budgets and satellite power requirements

The general equation for the power budget on the down link may be written as

follows:

e.i.r.p.transmit - PO + GC + Lf

where:

e.1.r.p.¢transmit’

Py:

Ge:

Lg:
PFD:

C/N:

Bu:

G/T:

=PFD + Lg + A + a

equivalent isotropically radiated power to
the edge of the service area

radio-frequency power at the output of the
satellite transmitter

maximum gain of transmit antenna
= 41.4 dBi for 1° beamwidth area (See §8)

loss in the feeder and filters in the satellite

power-flux density requirement at the edge of
service area

=C/N + B, + k + B + 10 log(4n/22) - G/T

spreading loss = 20 log(andz)

rainfall attenuation (see §4)

atmospheric absorption

required carrier-to-noise ratio (see §2)
impairment due to feeder-link noise = 0.5 dB
Boltzmann’s constant = -168.6 (dB(W(MHz'K)-1l)
equivalent noise bandwidth (see §6)
wavelength

figure of merit of receiver (see §7)

(dB(W/m2))

(dB)
(dB)
(dB)
(dB)

(dB)

(dB(MHz)
(m)
(db(K) -1y



100 . Rep. 1075-1

An estimation of the e.i.r.p. requirements in each frequency band may
be made using the values of Table VIII for spreading loss (Lg), wavelength
factor (10 log an/x2), atmospheric absorption (a) and rainfall attenuation (A).
for temperate climates.

TABLE VIII

Comparison of required e.i.r.p. in different frequency bands

Parameter 12 GHz| 23 GHz {42 GHz
Lg 162.5| 162.5 | 162.5
10 log 4n 43.0 48.6 53.9

a2 ’
a 0.1 0.7 1.2
A 1.5 4.5 11.6
Lg + 10 log 4n/32 + a + A | 207.1| 216.3 | 229.2
relative e.i.r.p. (dB) 0 +9.6 | +22.1

It can be seen that on the above hypothesis of equal C/N, bandwidth and
G/T, much higher e.i.r.p.s would be required for the higher frequency bands.

Examples of link budgets for the various types of transmission systems
discussed in § 6 are shown in Table IX as well as a probable example for the
42 GHz band. It is clear that the 42 GHz band is not practicable. The powers
required for the 23 GHz band are close to those predicted feasible (see
section 8).

10. Subjective assessments and experiments of HDTV satellite broadcasting

systems

For satellite broadcasting of high-definition television(HDTV) using a
single channel in the 12 GHz band planned at WARC-BS 77, two systems have been
developed: MUSE (Multiplex Sub-Nyquist Sampling Encoding) and HD-MAC (High
Definition Multiplexed Analogue Components). Subjective assessment tests as well
as experiments using actual DBS satellites have been conducted. Tests and
experiments concerning wide RF band systems are still at an early stage.
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IX

Examples of link budgets of HDTV satellite transmission

Sysfem A B C D .
Narrow} Wide Wide Wide
Category Symbol RF RF RF
bandl) { band | pang 2] band
analogue analogue digital analogue
l. System
Frequency of carrier
(GHz) 12 23 23 42
Type of modulation ™ .4 4 PSK M
Approximate equivalent . . :
rect§ngular bandwidth B 27(24)] 54 70 125
(MHz :
Carrier-to-noise ratio>)
before demodulation (dBJ| C/N |{17(20){17/22 |17/22 17
Additional noise of I
feeder 1link (dR) Bu 0.5} 0.5 0.5 ~ 0.5
Necessary C/N. (dB) C/N+8yl 17.5 ] 17.5/ | 17.5/] '17.5
(20.5)| 22.5 22.5
2. Receiving installa-
" tion \ .
Figure_ of merit4) ¢/T | 13 17218 |17/18 | 12
(aB(k-1)) (16)
Required PFD at the :
edge of beam area pfd |-106.8/-102.1 |-100.9| -88.2
(dBW/m<) /-97.1 {/-95.9
3. Propagation
Spreading loss (dB) 5)‘ L, 162.5 123.5 122.5 13.3
Additional propagation->)} 5. 5.2/ .
losses (dB) A+a}l 1.6 0. 0.7
Required e.i.r.p. from L : :
satellite at beam edge .a.r.p.| 57.7 65.6 | 66.8 87.1
(dsw) /66.1 |/67.3 .
4, Satgllite transmitter
|Antenna beamwidth (deg)®) 1.0] 10} 1.0 1.0
Antemnna gain at the )
edge of service area G, 41.4 ] 41.4 | 41.4 | 414
(dB) .
Loss in feeders, filters 5
-|joints etec. (dB) Lf 2.0 2.0 2.0 2.0
Required satellite (dBW) P 17.9 § 26.2/127.4/ 47.7
transmitter power o 26. 27.9
™) 62 417 550 58900
/468 | /617
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Notes to Table IX

Values in brackets are for Region 2.

Noise bandwidth of 70 MHz and RF bandwidth of 105 MHz assuming a

transmit bit rate of 140 Mbit/s, 2 bit/Hz modulation and a shaping
factor of 1.5

3) The first value is the objective for 99% of the worst month; the second
is for clear-sky where given.

4) The first value takes into account the increase in antenna temperature
due to the rainfall assumed in note (5); the second value is the
nominal clear sky G/T.

3) The earth-station elevation angle is asumed to be 40°. The first value
corresponds to rain attenuation not exceeded for 99% of the worst month
for average temperate climate in Europe as an example (see § 4). The
satellite power should be adjusted to take into account the desired
service time and propagation losses for the climatic zone under
consideration. Where a second value is given this corresponds to the
clear-sky propagation loss.

6) Antenna beamwidth should be adjusted to the size of service area.
Antenna diameter and gain will be changed accordingly and the satellicte
output power will change according to the gain change.

10.1 Subjective assessments for narrow RF band systems

10.1.1 Effect of noise

Subjective assessment tests on the relationship between received C/N
and picture/sound quality have been conducted. The experimental set-up for MUSE
is illustrated in Figure 3. The received C/N ratio in a 27 MHz bandwidth was
varied by adding noise to the frequency modulated MUSE signal, at 140 MHz.

The received picture and sound signals were evaluated using the five-grade
impairment scale. Viewing and listening conditions used in the assessment tests
are shown in Table X and Table XI (these conditions are basically based on Rec
500) . The results of assessment tests are shown in Figure 4 and Figure 5. A
subjective impairment of 4.5 corresponds to a carrier-to-noise ratio of 17.5 dB
for the vision and 9.7 dB for the sound.
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FIGURE 3 ~Experimental set-up for subjective assesment tests

test slides

compact disk player
MUSE encoder

MUSE audio encoder
FM modulator
attenuator

. noise generator

QMmO Owp

: bandpass filter
demodulator

MUSE decoder

MUSE audio decoder
HDTV monitor

audio monitor

ErAonE

TABLE X

Viewing conditions

Test pictures

Ratio of viewing
distance to picture
height
Picture monitor
Peak luminance on

2
the screen (¢cd/m )
Ratio of the luminance of
the screen when displaying
only black level in a
completely dark room to that
corresponding to peak white
Room {llumination
Grading scales

Observers

Test slides
Fruits,woman,canal scene,
‘test pattern,colour bar

32" RGB monitor

70

Approximately 0.01

low

Five-grade impairment scale

20 Non-éxberts

103
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TABLE XI

Listening conditions

Test sounds
Maxixum sound pressure
(dbspl)

Background noise Level

Grading scale

3 kinds of test sounds
piano,orchestra,speech

80
37
Five-grade

impairment scale

24 Non-experts

104
level
(dbspl-A)
Obscrvers

S

L}

3

2

]

10

12

Te 16 8 10 311 ©

FIGURE 4 - Results of plcture evaluation test

Ispsirment scale

standard deviatior

? [] [)

12
Unes

FIGURE 5 ~mesults of sound evalustion test
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Subjective assessments have also been made with the first experimental
HDTV chain, in the framework of the European HDTV project Eureka 95.

These tests were conducted using a satellite simulation featuring:

- frequency modulation at 70 MHz;

- first up-conversion to 1 GHz;

- filtering;

- second up-conversion to 12 GHz;

- amplification by a TWT of 20 Watts (AM/PM: 4°/dB);

- signal attenuation by a variable attenuator
(variation of the C/N ratio, manually or automatically controlled);

- SHF reception and first down-conversion to 1 GHz;
- second down-conversion to 70 MHz and channel filtering;
- frequency demodulation.
The picture impairment has been evaluated for different values of the
C/N ratio in a 27 MHz bandwidth. The tests have been done only with still
pictures and with the 88 algorithm either in the static mode (80 ms branch) or

in the moving mode (20 ms branch). The EBU method was used with non-expert
observers as described in Recommendation 500.

The significant viewing conditions were the following:

Viewing distance: 3H

Peak luminance : 80 cd/m?

Contrast ratio : 90:1

Monitor : 1250/50/2:1

Display tube : shadow mask, 77 cm diagonal

The results obtained are given in Fig. 6. The dashed lines indicate the
confidence level (5%) of the mean results (continuous line) obtained from 15
observers.

Taking account of the confidence level, the subjective impairment is 4.5 over
a range of carrier-to-noise ratios between 16.2 dB in the best case and 20.5 dB in
the worst case.

AlO.l.? Effect of channel distortions

A transmission of an HDMAC signal with a total baseband bandwidth of
12 MHz is possible using a 27 MHz channel bandwidth.

The amplitude frequency response after frequency demodulation is
related to the shape of the IF filter preceding the demodulator which must
have a flat response over a bandwidth of at least 24 MHz. Such a response
can be obtained with a SAW filter. With the experimental set-up described

above for HDMAC (§ 10.1.1) there was no visible impairment on any of the
analysed pictures.



/

Impairment
Grade

4.6

Fm: static mode algorithm

Mm: moving mode algorithm

Y N
\d A4 >

Figure 6:1

10 16

C/N (dp)

mpairment grade of the picture signal as a function of the C/N ratio in 27

MHz

951

‘dey

L=GL01L



Rep. 1075-1 107

The sensitivity of an HD-MAC signal to a static sampling time error in
the decoder has also been evaluated. For a 6 ns sampling error, some
visible distortions could be observed on some critical pictures, especially
on the diagonals where a staircase effect appears. When the error is
reduced to 3 ns, then there is no visible impairment on any of the analysed
pictures.

It has been noticed that a parabolic group delay error in the
transmission chain produced an impairment of the same nature as a static
phase error and that this impairment can be strongly reduced by adjusting
the sampling time. This justifies the use of anequalizer or at least an
automatic phase adjustment in the decoder.

Also, the relationship between picture quality and waveform distortion
of the MUSE signal has been investigated. It has been made clear that for the
MUSE system the relationship between distortion in the transmission path and the
received picture quality can be described with measured values of amplltude
errors at the sampling points by using a logistic function.

When a transmission path does not have an ideal frequency response, the
line synchronization signals (HD) of the MUSE signal may be distorted. Since the
sampling clock in the MUSE decoder is regenerated by using HD, an error in
sampling time may occur which also results in multiple echoes in the decoded-
picture. The amount of impairment due to the error in sampling time can also be
calculated by the above-mentioned method. Results of the calculation indicated
that the impairment could be neglected when the error in sampling time was less
than 2 ns. This was confirmed by subjective assessment tests [CCIR, 1986-90ae].

10.2 Experimenté-with narrow RF-band systems

Experiments of HDTV transmission and broadcastlng through satellltes
have been made in Japan and France.

10.2.1 MUSE

Based on the MUSE system, extensive experiments have been carried out
in Japan since 1986. With an output of 100 W from the BS-2 satellite
(giving a boresight e.i.r.p of 57.7 dBW) a received C/N of around 17 dB is
obtainable for 99% of the worst month in nearly all of the main islands of
Japan using a receiving antenna of 0.7-0.9 m in diameter. With MUSE an HDTV
signal is received with a sufficiently good S/N by using a single 12 GHz
WARC-BS channel.

The details of the experiments are described in Annex IV. Since
June 1989, regular experimental HDTV broadcasting for one hour a day has been
" started by NHK using BS-2b on a time-sharing basis with the conventional
satellite television (NTSC) programming.

Two special instruments for measuring C/N and (audio) bit error ratio
have been developed for the purpose of making measurement easier during
experimental HDIV satellite broadcasting using MUSE through a broadcasting
satellite. Further details are described in Annex IV.
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10.2.2 HD-MAC

Some experiments on HD-MAC transmission through the direct broadcasting
satellite TDF-1 have been made in France. The satellite has an output power of
230 W delivering an e.i.r.p. of 64 dBW on boresight.

A received C/N of 17 dB is obtainable for 99% of the worst month in all
the service area with a 55 cm diameter receiving antenna. Thus an HD-MAC signal
of good quality can be received with a small antenna using a 12 GHz WARC
channel. Annex V describes the experiments in detail.

10.3 Planned experiments with wide RF band systems

In addition to the flight programs described in section 4.5 which have been
planned to derive additional propagation and other data, several experimental
developmental and demonstration programs are now planned or under way to refine
and test new techniques and technology directed primarily toward wide RF band HDTV
satellite broadcasting.

Laboratory efforts are focused on modulation methods and channel coding,
particularly using digital techniques which offer the prospect of effective bit-
rate reduction and efficient image and sound channel coding. Such work is planned
in Italy, in Germany (Federal Republic of) and in Japan, amongst other places.

11. Interference within the same service

11.1 Required protection ratios

For HDTV systems intended for use in the 12 GHz band, protection ratios must
comply with the requirements of the Radio Regulations Appendix 30 and 30A.
Protection ratios for two HDTV systems: MUSE and HDMAC (preliminary results for
the "88 algorithm") versions have been measured.

For the MUSE systems subjective assessments were carried out in accordance
with Rec.600. Figures obtained with a typical 5th order Butterworth filter are
shown in Table XII (Better results will be obtained with a surface acoustic wave
filter which is being introduced into satellite broadcasting receivers)

[CCIR, 1986-90af].

o For HD-MAC,results presented in Table XIII are obtained with the following
viewing conditions:

- Viewing distance 3 H

Peak luminance 80 cd/m?

Contrast ratio: 90:1

- Monitor: 1250/50/2.

Display tube: shadow mask, 77 cm diagonal

Six expert observers have been used for all the tests. The frequency
demodulator was a conventional discriminator and the IF filter was a 4th order
Butterworth with a 3 dB bandwidth of 25.5 MHz (CCIR,1986-90ag].
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TABLE XII - Protection ratios for just perceptible interference (MUSE)

) Channel protection ratios (dB)
Wanted signal Unwanted signal
(test slides) (colour bar) Lower Co- Upper
adjacent” | channel [adjacent”
NTSC SMPTE #1 MUSE 10.0 18.0 10.1
SMPTE #14 11.7 18.7 11.2
MUSE Fruits ' NTSC 7.6 17.6 7.8
Congress hall 6.2 19.1 10.5
MUSE Fruits MUSE 8.3 23.3 8.0
Congress hall 7.4 24.0 8.4

" Adjacent-channel frequency spacing: *19.18 MHz

TABLE XIII - Protection ratios for just perceptible interference (HD-MAC)

Protection ratios (dB)**
Wanted signal Unwanted signal | ~ Lower Co- - Upper
(test slides) adjacent | channel | adjacent
channel” channel”
Boats - 20.5 =1 -
HDMAC HDMAC (grid)
Circus : 6 +0.8 -. 5.2 0.8
' HDMAC
SECAM Boats (Colour bars) 10.5 £ 0.3{23.7 *1.3}9.8 £ 0.5

* Adjacent-channel frequency spacing: *19.18 MHz

** Previous experiments on the effect of channel interference strongly suggest
that the results for interference of HD-MACsignals into a PAL channel would be

very similar.

Measured protection ratios comply with the requirements of WARC-BS 77
for both systems (see Report 634).
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For a digital HDTIV system a trade-off is required to set the balance
between the allowable thermal noise and the interference noise contribution.
When the number of mutually interfering signals is large, the interference is
similar in effect to Gaussian noise and C/I and C/N can be combined to give an
effective C/N + I. When there is only one interferer, or one which is dominant,
then the effect of interference is less severe than the equivalent noise power,
especially wheh convolutional coding is used with Viterbi decoding [Newland,
1988; CCIR, 1986-90ah]. If the system is designed so that the threshold bit
error ratio is limited primarily by the thermal noise, the satellite transmit
power can be minimized. However, this leads to a very high value of C/I and
therefore limits the efficient use of orbit/spectrum.

One approach is to keep a fair proportion between C/N and C/I whatever
the digital modulation system used.

As an example of trade-off between C/N and C/I, the sets below give
typical values wich cthe following conditions:

- required BER: 10-5.

- digital modulation system: 2 bits/Hz

- equivalent noise bandwidth: 1/2 bit race
- margin (including channel impairment effectz): 1.5 dB

- contribution of interference from adjacent channels: 1 dB

The following sets are examples which give an overall C/(N+I) of 15 dB:

C/N (dB) 16 | 17 18 |20 | 22
c/T (a8) | 22 | 19.5 | 18 | 16.5 | 16
(co-channel)

Further study is necessary to determine the most suitable digital
modulation system.

11.2 Planning aspects

The number of channels that would be necessary to transmit one
HDTV program to any receiving location within a continent depends
primarily on the protection ratio required for the HDIV system, and on
factors such as coverage, transmit and receive ancemna radiation
pacterns, the orbital separation between satellites, etc.
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Experience with the preparation of the allotment plan for communications
satellites at WARC ORB 88 shows that it is possible to generate a "éingle
frequency" plan. In this Plan, the whole of a band can be used in a given service
area. For this type of system, it is necessary to ensure that the satellite and
receiver antennas have good directional properties, and that a modulation system is
chosen which shows good immunity to interference. Studies by ESA have shown that
this approach could be used for HDTV at around 20 GHz if a suitable modulation
system is available. If more protection is needed, then the efficiency of spectrum
use decreases. ‘

Preliminary studies in Region 2 on planning the 23 GHz band for Region 2 indicate that the 500 MHz
bandwidth will accommodate easily about 10 HDTYV channels (60 MHz bandwidth) using both polarizations. It is
found that if the adjacent orbital positions can be considered independent, as regards polarization, then linear
polarization would be more appropriate since each beam could be optimized independently for local vertical or
horizontal reception thus minimizing the rain attenuation and depolarization. This could then increase the plan
capacity. However, factors like simplicity in receiver alignment and compatibility with 12 GHz systems may lead
to the use of circular polarization, precluding the above potential improvements.

In addition, it should be noted that the possibility of re-using frequencies by polarization discrimination
may be compromised if the depolarization effects of rain are more severe than estimated from current data.

There may be dperational advantages if HDTV satellites are co-located with
satellites planned for the 12 GHz band. However, this will not necessarily allow
the same receive antenna to be used for both services.

A series of planning evercises was carried out for the
European and North African areas within Region 1, using the following
assumptions: '

- frequency range, 15 to 25 GHz;

- coverage, either "national” providing individual service areas for
33 coumntries using the beams of the WARC BS-77 Plan, or "regular”
coverage using a grid of 27 regularly distribuced circular, one-
degree beams;

. anterma radiation patterns as in the WARC BS-77 Plan;
- receiving antenna beamwidth of 1.59;
- orbital separation of satellitas, 3°;

For a given mmber of channels, the plarning exercises were
repeated with progressive increases in the prptaction ratio, until there
was no longer any "plan" compatible with the interference criterion. The
results of the exercises are given in Table XIV in the form of
maximum values of the protection ratios that would be achieved.

"“Although not necessarily correlated at low levels of attenuation, extremely
high levels of attenuation are in practice always related to high levels of
depolarization. According to Tables III and IV at 23 GHz a digital system should
not be degraded by depolarization provided it is planned for a C/I ratio
significantly lower than the values given in the tables. For example, at 23 GHz, in

' Europe, cross polarisation isolation is in excess of 25 dB for 99% of the worst
month. The corresponding attenuation value is 4.5 dB (see Table I), a value for
which a service can probably still be provided, based on the characteristics of
the error-protection scheme. For 99.9% of the worst month XPD is only 15 dB but
the attenuation value reaches 13.5 dB, a value at which most probably no service
can be provided anyway.
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It will therefore be possible to make a "plan" without
negative margins and with the indicated mumber of channels, to provide
one program to amy service area for any HDTV system requiring protection
ratios equal to or lower than the indicated values.

With further assumptions on the actual values of the
protection ratios for analogue and digital HDTV systems, it would then
be possible to detarmine the total bandwidth necessary to transmit ope
HOTV program to any required location. Preliminary resulcs using
"national" coverage are of the order of 150 MHz (perkaps as high
as 200 MHz), for either an analogue system having an RF bandwidth
of 54 MHz, or a digital system of 140 Mbits/s. Spectrum utilization
could be improved if the planning were based on the provision of
"regular" coverage.

TABLE XIV Maximum values of HDTV protection ratios as a function
of the number of channels .

Maxi=um atzainable prateczion raties (d3)
Number of channels "Nacional" coverage "Regulaz” coverige
necessary to provide (33 ecczuncries) (27 areas)
one HDTV programme _ i
per service area Co-czan.| Adj-chan. Co-chan.| Adji-chan
2 la 0 26 17
3 22 0 - -
4 28 1la’ - 30 22
6 30 1¢ 34 23
8 3l 2 39 28
12. Sharing with other sexvices

Sharing with other services is discussed in Reports 631 (MOD I), 807 and
651, and in the CCIR report to the Second Session of the WARC ORB.

In Resolution 521,  the WARC-Orb 88 extended the range of frequencies to
be considered as possible candidates for a new HDTV band to include 12.7 to 23 GHz.

Studies of sharing with the services in this range have not been completed.
Recent studies by ESA at frequencies of 20 GHz provide new information on the
prospects, as well as the proBlems, of sharing between the BSS and other services.

13. Feeder links

13.1 Suitable ffequenqyﬁbands for the associated feeder links

According to the Radio Regulations, the feeder links to the BSS belong
to the FSS and will be operated in FSS frequency bands in the Earth-to-sapce
direction. A list of these bands with their allocations in the three ITU Regions
'1s given in Table XV. As can be seen, some of these bands are already allocated
for exclusive use by feeder links to the BSS.
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TABLE XV - Frequency bands allocated to FSS (Earth-to-space direction)
above 10 GHz

Freguency band (GHz) Region 1  Region 2 Region 3
10.7 - 11.7 B (&) M M
12.5 - 12.7 B . -
12.7 - 12.75 B M -
12.75- 13.25(1) M M M

4.0 - 14.5 M M M
1a's - 148 M (2) M (2) M (2)
17.3 - 17.7 n (2) M (2) M (2)
17.7 - 18.1 B (2) B (2) B (2)
27.0 - 27.5 . M M.
27.5 - 31.0 M M M
42.5 - 43.5 M M M
47.2 - 50.2 M M M
50.4 - S1.4 M M M
71.0 - 75.5 M M M
92.0 - 95.0 M M M

M = Earth-to-space direction only
B = bi-directional

(1) This band is to be planned in the Earth-to-space dirsction for the
FSS at WARC ORB(2).

(2) Limited to feeder links to the BSS.

It may be possible to accommodate the feeder links for the HDTV in the
broadcasting satellite service within the existing frequency bands allocated to
feed the BSS satallites.

The bands 14.5 - 14.8 GHz and 17.3 - 18.1 GHz will be used as feeder
links to the BSS operating in the 12 GHz band and are likely to be planned for
this service. However, the band 10.7 - 11.7 GHz is reserved for the feeder links
to the BSS in Region 1 (see footnote 835).

A lower frequency than for the down links should preferably be
used to ensure a better availability for the feeder links but this may
not be possible due to heavy utilization of lower frequency bands by
other services. The other alternative is to operate the feeder links in
a frequency band close to the down-link band so that similar propagation
conditions can be experienced on both links. A too close proximity of
the two bands could however require complex satellite filters to isolate
the reception from the transmission.

In those cases where the feeder links would have to use higher
frequency bands, the availability of the links can be drastically
improved by the use of site diversity, thus enabling a certain
flexibility in the choice of the frequency bands.
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As was found during the planning of the 12 GHz band, there are
many advantages in including considerations about the feeder links to
the broadcasting satellites in the definition of the service. The band
27-27.5 GHz is an attractive candidate for the HDTV feeder links,
corresponding to the 22.5-23 GHz band or any other down-link band (in
Region 1 however, this is currently not allocated to the FSS). In
Regions 2 & 3 this frequency band is allocated to the fixed-satellite
service in the Earth-to-space direction, and is shared with fixed and
mobile services as well as the Earth exploration-satellite service. The
spacing between the down-link and feeder-link frequency bands
(23/27 GHz) is large enough to allow for straightforward design of the
satellite filters. The two bands are close enough to allow the
possibility of using the same satellite antemma aperture and feed
system. This also results in similar propagation statistics for feeder
links and down links.

13.2 Feeder links for wide RF band HDTV

Considerations of feecder-link paraseters such as the size of
feeder-link antennas and the required tracking accuracy, seconcd adjacent
channel interference and the need for satellite filtering, power control
and depolarization compensation will need to be addressed very carefully
to identify a consistent set of system parameters for the feeder links
to HDTV broadcasting satellites.

14. Conclusions

Studies on HDTV satellite broadcasting have led to the general
conclusion that such services should provide the potential of a picture quality
for reception in homes which comes as close as possible to that of the studio
signal. In order to enable the introduction of wide RF band HDTV on a world-wide
basis, a world-wide frequency allocation to the BSS is necessary, with a total
bandwidth of the order of 500 MHz, preferably not above the 23 GHz band. For
countries already planning to fully use their assignments in the 12 GHz plans,
this allocation becomes necessary even for narrow RF band HDTV broadcasting,
particularly if it were to involve a change of the transmission standard in the
currently operating service. '

The following specific conclusions can also be drawn:

a) analogue and digital systems are feasible;
b) the quality objectives for HDTV are fundamentally more stringent

than those of conventional TV systems;
c) all systems need a certain amount of bandwidth compression;

d) the 12 GHz band is now planned in all regions on the basis of
conventional television systems conforming with CCIR
Recommendation 650;

e) narrow RF-band systems (operating in a 24 - 27 MHz channel
according to the 12 GHz plans) are characterized by high degrees
of bandwidth compression and which cannot be supported by all-
digital transmission: the narrow RF-band systems described (MUSE,
HD-MAC) meet the Plan requirements of the 12 GHz band;
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£) use of sophisticated bandwidth reduction techniques can give good
picture quality, particularly in a narrow-band system, but with
added receiver complexity;

g) in general, system performance may be improved (e.g., picture
quality and motion portrayal) if there is a wide RF channel

bandwidth available;

h) wide RF-band systems (both analogue and digital) require an RF
channel bandwidth typically of the order of 50 - 120 MHz;

tetween about 150 to 200 Msz of RF spectrum could provide cne
wide RF band HDTV programme rer service area, therefore, a total
bandwidth of the order of 50C MHz could be used;

[
-

J) from a propagation point of view, any band between 12 GHz and
23 GHz would be suitable, but lower frequencies in this range
would be preferable;

k) = the extension of the allocation of the band 22.5 - 23 GHz to the
BSS in Region 1 seems desirable to result in a common world-wide
allocation. However, use of this band may prove to be difficult
because there are sharing constraints with the radiocastronomy
service, the inter-satellite service and the fixed service;

1) there is already significant utilization of many of the frequency
bands between 12 and 23 GHz which would otherwise be suitable and
these have other sharing constraints.

Further study is necessary to determine:

- the subjective performance of HDTV satellite broadcasting
systems, particularly the level of degradation introduced by the
narrow RF band systems and possible compatibility requirements in
comparison with the quality of HDTV in the studio;

- appropriate methods to meet service objectives and efficient
frequency utilization by operational HDTV services in the
higher frequency bands;

- the extent to which the various possible coding and modulation
processes can reduce both satellite power and RF bandwidth
requirements at acceptable cost.

Following the conclusions of WARC-Orb 88, which considered the question of a
possible frequency allocation for HDIV BSS (see Resolution 521), further study
is also required to determine:
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system parameters for HDTV transmissions by satellite, with emphasis
on the effect of the choice of frequency, e.g.:

- modulation (including baseband coding and channel coding);
- satellite power requirements:;

- satellite and earth station technology:;

- receiving system characteristics;

- type of polarization (including propagation effects);
propagation characteristics, e.g.:

- attenuation, including precipitation losses:;

- atmospheric absqrption:

- cross-polar discrimination;

1nter- and intra-service sharing and.interference, interregional sharing.
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ANNEX I

Availability objectives

Thera are several criteria wnich can be proposed for service
objeczives [CCIR, 1976]. They are to give:

- optimm clear-sky qualicy

- limited outage time

- defined qualicy for nt of the wors: month
- equal integrated qualicy.
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Fixing the clear-sky quality can lead to a simple buc
effective technique for system design. Table XVI shows an
example of the performance achievable using this method
[Stott and Shelswell, 1987]. Some flexibility is needed
to reduce the outage times caused by rain attenuation.
The example shows how an improvement can be made by a small
increase in e.i.r.p. .
In general it is not possible to guarantee the target reception guality to 100% of
the population in any country. This should be recognized. However, a high
percentage (of the order of 98%) is essential for the acceptance of a new service.
Such a target would recognize that some areas may, for a variety of reasons, not
be served satisfccotorily. [CCIR, 1986-90a].

TABLE XVI -~ Summarv of terformance for satellite e.i.r.v. of
63.5 dBW at 23 GHz

t time stated C/N ratic is exceeded

Country ) 10 dB C/N 14 dB C/N 20 dB C/N
Norway 99.97 99.9 97
France o 99.97 99.9 98.4

taly 99.88 99.7 96.5
Algeria _ 99.95 99.9 98.2
Senegal 99.97 99.9 98.9
Zaire ' 99.6 99.1 94
(Zaire, + 3 dB) (99.73) (99.5) - (98)

However, equalizing the outage time leads to
excessively high transmit powers from the satellite.

The compromise of defined quality for nt of the worst momth
reduces the outage times of the method of setting the clear sky quality
and requires a smaller range of e.i.r.p. than the method based on
equalized outage time. Nevertheless, it does not guarantee
good clear sky quality on the one hand, whilst now avoiding
outage on the others.

The technique of equal integrated quality [CCIR, 1986-90b] an extension
" of the n% worst month technique which ensures adequate clear sky quality and
minimizes the range of e.i.r.p. required for a service, by paying closer
attention to the trade-off between reception quality and time availability.

The technique measures the area under the curve of quality versus &
function of the percentage of time for which that quality is not achieved; the
e.i.r.p.s are adjusted so that the same result is given for all transmissions.
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There are many possible measures of quality which

could be used in the analysis. It is important to adopt an
objective measure which is independent of the modulation
system. The carrier-to-noise ratio (C/N) expressed in dB is
proposed as the basic measure of quality. The principle is
illustrated in Fig.7 . Once this ratio falls below the
threshold value the perceived quality remains uniformly
unsacisfactory, so in practice what is integrated is the excess C/N,
which is defined for this purpose as the difference (C/Njcrual -
C/Nehreshold), unless this difference is negative, in which case the
excess C/N is taken to be zero. Periods for which the C/N is below
threshold thus, quite appropriately, make no contribution te the
integrated measure.

Carrier-to-noise

ratio,
C/N{(dB)
S
Area = Ilpl
Threshoid <- $
C/N i :
T
'Py% 100%
(e.g. 0.01%)

% time for which given

value of C/N is not avaitadie
(Non-linear scaie, e.g.
logarithmic)

The e.i.r.p.s are adjusted such that Ilpl = IZpl

FIGURE 7 - Curve showing vprinciple of egual
integrated guality (Ipy)
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- The integrated qualicy measure I,] is defined by
P=100%

Ipp = X d(log p),
el
where

X is the excess C/N above the desired threshold value, and P is the
percentage of time for which X is not exceeded.

An "ideal" country having no rain is used as a reference, having a
constant value of excess C/N, equal to X dry. This is set to provide godd
quality under clear sky conditions and determines the magnitude of the
integrated quality to be equalized. This implies that the clear sky value of
excess C/N will, in all real countries, exceed the "ideal dry" value.

In an example planning exercise [Shelswell and Stott,1987], it was
found that the required satellite power varied by 8.5 dB at 10 GHz between the
wettest and dryest countries having equal integrated quality. Using the 1% worst
month criterion, the range was 15 dB and using the clear sky criterion, the
range was 45 dB.

The equal integrated quality criterion is thus an attractive extension
of the 1% worst month method of system design.

Its use permits higher freguency bands to be used by all
countries for HDTV and merits further consideration, in particular
the choice of the most appropriate quality measure.

The existing procedures for identifying permissible levels of
interference and distortion are based on levels of impairment which are
just percepzible. These procedures axre still valid for analogue HDIV,

" although of course the precise levels may change because of the new
viewing condicions.

In the discussion so far, the use of analogue techniques has
been assumed. However, all-digital techniques may be suitable. These have
different failure characteristics from analogue and so a revision of the
link objectives may be appropriate. In general a digital system will
provide good-picture quality over a wide range of carrier-to-noise and
carrier-to-incterference ratios and then fail abruptly when there is a
small increase in noise or distortion.

For digital techniques, the currenc provisions of the Radio
Regulations, Appendix 291 if applied, may lead to difficulties of .
planning. Although it may be desirable to determine link performance and
.availability objectives in temrms of C/(N+I). Some balance of permissible noise and
interference power may be the optimum trade-off becween link budget
constraints on the one hand and planning constraints on the other . This
could lead to a significant increase in the efficiency of use of
spectrum.

Note 1. - The contribution of interference should not exceed 4% of the
~total thermal noise, if no coordination is necessary.
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ANNEX IZ

Technical descripticn of the MUSE svstem

1. Introduction

An efficient bandwidth compression "system, called MUSE (Multiple
Sub-Nyquist sampling Encoding), .employing phase-alternating sub-Nyquist
sampling . and motion-compensated interframe coding,. has been developed for the
primary purpose of achieving single-channel satellite broadcasting of
1125/60/2:1 high-definition television in the 12 GHz band, which has been
allocated to the satellite broadcasting service and planned at WARC-BS 1977 for
Regions 1 and 3 and at RARC-SAT 1983 for Region 2 [Ninomiya, 1987].

This technique of bandwidth compression can also be applied to various
other EDTV equipment. Equipment for consumer use such as VIRs and video-disc
players using MUSE, and a converter for reception of MUSE signals with conventione
television receivers has already been developed.

2. Sampling and intervpolation of the MUSE system

Figure 8 shows the sampling pattern of the MUSE system. This sampling
is of a multiple dot-interlaced type, and the cyclic period of the sequence is
four fields.

Stationary portions of the picture can be reconstructed by using
samples from all four fields of the sequence. The transmissible range in the
spatial frequency domain is illustrated in Figure 9 (a) for stationary portionms
of the picture. It should be noted that this is a basic illustration in
reference to Figure 8, and the actual transmissible range of the system will
be explained later with Figurell(f).

For moving portions, the picture has to be reconstructed wvith spatial
interpplation by using samples within a single field only, othervise g
distortion of multi-line blur may appear in the ;econstructed picture. The
transmissible range i{n the spatial frequency domain becomes smaller as shown in
Figure 9(c) for moving portions of the picture.
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Principle of MUSE system

Filter arrangement for the luminance signal

Filter arrangement for the colour-difference signals
Sampling pattern

TC
SP

]

time compression
stationary portion
moving portion
interfield prefiltering
intrafield prefiltering
field-offset subsampling

LPl : 12 MHz low-pass filtering

LP2 : 16 MHz low-pass filtering

SFC : sampling frequency conversion

FOS : frame-offset subsampling

LO ¢ line-offset subsampling

INY : luminance signal {nput

INC : colour-difference signal input

OUTYS: luminance signal output for stationary portions
OUTYM: luminance signal output for moving portions
OUTC : colour-difference signal output

SPP : signal processing procedure

SPT : sampling pattern

0s : original sampling

(IBF): invert by frame

—O—: odd field

even field
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It means that the actual resolution of details in the picture is
reduced in the moving portions of the reconstructed picture. However, this reductiocrn
in terms of actual resolution does not cause any serious degradation in picture
quality, because the human perception of the sharpness of picture is not so
sensitive to details in moving portions of the picture. This has been confirmed
rue for almost all pictures observed under typical viewing conditionms.

As an exeception, however, in the case of uniform movement over the

entire Ppilcture caused by, for example, panning or tilting the camera,

the degradation beccoes more ncticeable. A technique of motion compensation is
successfully employed here, and the degradation is eliminated as follows: A
vector signal representing the motion in the picture 1s calculated for each
field at the encoder, and is multiplexed 4into the field-blanking period for
transmission. At .the decoder, the position of plcture samples of the preceding
field is shifted depending on the vector signal so that the same process of
temporal interpolation as that for the stationary portions can be applied.

The maximum transmissibdle spatial frequency in the vertical direction
13 1/(2h) for stationary portions of the picture as shown in Figure 9 (a),
wherzas it {s halved to be 1/(4h) for moving portions as shown in Figure 9 (b),
decause the 2:1 interlace scanning is spplied to the original HDIV signal.

3. Encoding and decoding the MUSE signal

In principle, input signals of the luminance and the 1line-sequential
colour-difference signals are first combined into a single time-division
multiplexed signal called the TCI (Tize Compressed Integration) signal (Figure 12 shows

the waveform). .

Before the signal is subsampled, as explained adove with Figure 8, two
differenc prefilters for suppression of aliasings are applied. The one s
designed for use with stationary portions of a picture, and the other for moving
portions. 1deal frequency response of these filters wmust coincide with the
trsasnissidle range of the systeam.

The cutputs of the filters are field-offset subsampled for the
portions of pictures not moving. After sampling frequency conversion, the
signals are mixed, with the ratio determined on a pixel-by-pixel basis
depending on the amount of motion detected. Then, a frame-offset
subsampling is performed, and the signal is transmittted.

When the motion compensation is applied, some additional data concerning the
motion vector is transmitted as a control signal which is inserted in the
field blanking period as shown in Figure 14.

In the decoding, motion detection and picture element reconstruction
can be performed independently of the encoding. The motion v2ctor is transmitted,
and is used in the receiver to give cisplacement to the picture of the previous

field.

L. Sampling frequencies and spectra of the MUSE signal

The sampling~frequency assignment and filtering process for the
luminance signal are shown in Figure1Q, and the frequency spectra at major
points of the process are indicated in Figurell These figures are shown 1in
the case of a still picture. .
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Figure 9 Transmissible range in spatial frequency domain

(a) Original sampling
(b) Interframe and interfield interpolation for stationary portions
(c) 1Intrafield interpolation for moving portions

R : horizontal frequency (MAz)

v : vertical frequency
IN o—» FRF |—| vos |- rer T— Sfc [~ Fos f- our
486Ms/s 243Mss  486Ms/s 324Ms/s  162Ms/s

FIGURE 10~ Filtering srrangement of MUSE system (for luminance gignal)
IN : luminance signal input

FRF: interfield prefiltering

V0oS: field-offset subsampling

LPF: 12 MHz low-pass filtering
SFC: sampling-frequency conversion
FOS: frame-cffset subsampling.
OUT: output signal



126

Rep. 1075-1

(o)

1125/2 (£)
) 32.4 (MHz) "
24.3
22
FIGURE 11 - Erequency spectrum of MUSE system (for luminance signal)
(a) Input signal
(b) Field-offset sub-Nyquist sampling at 24.3 MHz
(¢) Low-pass filtering at 12 MHz
(d) Frame-offset sub-Nyquist sampling
(e) Output signal
(f) Transmissible frequency range of MUSE system

Abscissa: Horizontal spatial frequency (expressed in MHz)
Ordinate: Vertical spatial frequency

L
rgnak—— C — Gi< Y
sy |, 11112 105 107 480
1 106
Figure 12 Video signal in TCI format
HD : line-synchronizing signal 6 ¢ guard area
c : colour-difference signals Y : luminance signal
(line~sequent{ial) SN : sample number
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The luminance signal is supplied with a sample frequency of 48.6 Ms/s
( mega-samples per second), and the prefiltering described in the previous section
is performed. The sample frequency of the luminace signal is 24.3 Ms/s after the

field offset subsampling. A low-pass filter of 12 MHz is applied as shown in
Figure 11(e).

At the next stage shown in Figure 10, a sampliﬁg—frequenc
Y conversion
from 48.6 Ms/s to 32.4 Ms/s is introduced in order to get a final sample rate of
16.2 Ms/s after the frame-offset subsampling.

This frequency arrangexzent achieves an elimination of the interframe alias
component from the frequency range of DC to 4 Miz as shown in Figure 11(e), and
results in stable operation of the motion detection with a small amount of
sacrifice in the trasmissible range as shown in Figure 11(f). The numter cf
required control signals is thus very small ; just inrormation of the
subsaapling phase and the motion vector signal (in total 10 bits/field).

s. Signal formats of the MUSE system

Figure 12 shows signal composition for the video signal, called TCI
(Time Compressed Integration), applied in MUSE processing. The compression
ratio for the colour-difference signal is four with respect to that for the
luminance signal, and two colour-difference signals are transmitted line-
sequentially.

Basic video characteristics of the MUSE system are summarized in
Table XVII.

The line-synchronizing signal is shown in Figure 13 (a) and the frame-
synchronizing signal in Figure 13 (b). The amplitude of these signals does
not extend beyond the dynamic range of the video signal so as to avoid
amplitude loss due to the synchronizing signal.

The control signals, including motion vector, and digital sound/data
signals are multiplexed into the baseband video signal during the field-
blanking period as shown in Figure 14. Details of the sound signal
procéssing in the baseband can be found in [CCIR, 1986-%0a], but,
for the reader’s convenience, these are summarized in Table XVIII with the

format of the digital sound/data signals.

Two modes of scund-channel usage, A mode and B mode, are provided with
the MUSE system, as for existing conventional satellite broadcasting in some
countries as described in Report 1073. In the A mode, four channels of

‘15 kHz sound signal can beaccommodated with HDTV, and in the B mode, two 20 kHz
channels. The bit-rate reduction systems are successfully applied to the
differential PCM signal with 15-to-8-bit near instantanecus companding ia
8 ranges for the A mode, 16-to-1l-bit and 6 ranges for the B mode. The required
bit rate is 1 350 kbit/s, including some independent data information.

In order to accomodate such an amount of information with baseband

multiplexing in the field-blanking period, a ternary code is applied, with a
rate of 12.15 Mbaud.
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- Baszic video characteristics of MUSE system

System
description

motion-compensated multiple subsampling syscem

—

Scanning rate .

(multiplexing of Y and C signals i{s done in TCI format)

1125 lines/ 60 fields/ 2:1 interlace

Bandwidch of transmice-

ing baseband signal 8.1 MHz
Sampling clock rate 16.2 MHz
T :
Y signal 22 MHz (for stationary portions of picture)
Reproduced 14 MHz (for moving portions of picture) *
signal -
bandwidth C signals 7.0 MHz (for stationary portions of picture)
3.5 MKz (for moving portions of picture) *

Synchronizing signal

positive polarity with respect to video signal polarity

* These values: should be 16 MHz for Y and 4 Miz for C respectively,
1f a perfect digital two-dimensional filter could be used.

TABLE XVIII - Basic sound characteristics of the MUSE system

Mode of sound-channel usage A mode B mode
Bandwidth of base band signal 15 kHz 20 kHz
Sampling frequency 32 kHz 48 kHz
- Number of sound channels 4 2

Encoding signai

differential PCM signal

Companding law-

15-to-8 (8 ranges)

16-to~11 (6 ranges)

Leakage factor .

1 = 274 (0.9371%)

Sound emphasis.

not used

% —

Error correction.

BCH SEC DED (82, 74)

additional BCH SEC DED (7, 3) for range bits

Capacity of data channel

128 kbit/second

112 kbit/second

Sound and data rate

1350 kbit/second

Transmitting code

ternary code

‘Transmitting period

field-blanking period

Symbol rate

12.15 Mbaud
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FIGURE 13 - Synchronizing signals
(a) line-synchronizing signal
LN (n): n th line
LN (m+l): (obl) th line
SN : sample number
Oh : timing reference for line synchronization

(b) frame-synchronizing signal
LN line number

HD : 1line-synchronizing signal
Fp : frame-pulse point
CK : one clock-time duration at 16.2 MHz
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608
609
C G
Y
1121
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Figure 14 Signal alloc;tion'map
SN : sample number LN : line number
HD : line-synchronizing signal F1 : VITS No. 1 and Frame Pulse No. 1
SD : sound and data signals F2 : VITS No. 2 and Frame Pulse No. 2
C s .colour-difference signals G : guard area
(line-sequential)
Y ¢ luminance signal CTL : control signals
CLP : clamp level (128/256) VAC : vacant
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6. Quasi-conscanc luminance processing in association with MUSE system

The 4input signals of R', G' and B' (the !

designates gamma
pre-corrected signals) are put 1into a circult called

Inverse, Gamma
these R, G and B signals are susceptible to transmission noise.

To overcsme this susceptibility, non-linear cirzuits are introduced,
one in ths luminanze channel 1cr improvemen: of signali-tc-noise ratio in dark
regions, and the other in the cclour-difference channel for improvement in
regions having colours of low saturation. Figures 15 and 16 depict the nca-
linearity specified for the czlour-difference channel and the luminance channel
of MUSE system, respectively. This non-linearity introduced for the purpcse of
transmission will completely be compensated at the receiver back to the quasi-
linear signals mentioned above.

7. Frequency modulation and non-linear emthasis for MUSE system

When the MUSE signal is transmitted with frequency modulation, a
non-linear emphasis is effectively used. The characteristics of it can be
defined by the composition of the de-emphasis circuit to be used in receivers.
An example is shown in Figure 17.

Figure 18 shows characteristics of the non-linear processing in

Figure 17 . Figure 19 shows frequency response of the de-emphasis circuit
defined in Figure 17,

The basic modulation parameters for the satellite broadcasting of
MUSE within a 27 MHz channel are given in Table XIX, '

8. MUSE applications

Technical considerations and some results of application to a
satellite broadcasting system can be found in [CCIR, 1986-90b and c].

131
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1 c
B

Y

L

0 1/24 1/8 X 1

FIGURE 15 - Charac:eristics of non-linear circuit for transmission
of colour-difference signals

Abscissa: Input level X
Ordinate: OQutput level Y
Only the positive half of the curve is shown in the Figure.
The negative half is symmetrical to it with respect to the origin.
The curve is defined as follows when the signal level is normalized
to unity:

Y = (5/3)X «e..for section 0 - A
Y = - (&8/11)X + (67/33)X - (1/132) ++s.for section A - B
Y = (31/33)x + (2/33) ++..for section B - C
1
Y

FIGURE 16 - Characteristics of non-linear circuit for transmission

of luminance signal
Abscissa: Input level ‘X
Ordinate: Output level Y
The curve is defined as follows when the signal level is normalized
to unity:

X = (3/5)Y% + (2/5)Y
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IN — e

{32 lwvis [s/32 lwe [s;s2 |11s |yae

ouT

FIGURE 17 - An _example of de-emphasis circuit to be used in the receiver
"IN : input signal
NP : non-linear process (see Figurel8 )

D : one-clock delay element ac 16.2 MHz

ADD: = adder )

OUT: output signal

ouT
512 B
122 A
244 512] IN
FIGURE 18'- harscteristics of non-linear process placed before de—emphasis

shown in Figure 17

IN ¢ dinput signal level
OUT: output signal level
The curve is defined as follows:
straight line with a gradient of 1/2 «ee..for section O — A
elliptic curve with gradients 1/2 at A, 5/2 at B ee...for section A - B
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0.00 2.00 4.00 §.00 8.00 (MHz)

FIGURE 19 - Frequency response of de-emphasis shown in Figure 17

Abscissa: Frequency (MHz)
Ordinate: Response (normalized value)



Rep. 1075-1

TABLE XIX - Modulation parameters for MUSE

Nominal channel bandwidth (MHz)
Visien signal modulation

Sound and data stgmail modulation

Nominal video signal bandwidth (MHz)

Symbol rate (Mbaud)

DC component

Frequency deviation

Energy dispersal

(MHz)

(kHz)

Sound and data rates (Mbit/s)

Polarity of frequency modulation

Pre-emphasis characteristics

8.1
27
™

Ternary PCM multiplexing in
field-blanking period

12.15
1.35
Positive
Preserved

10.2

Non-linear emphasis
[Ninomiya, et al, 1987]

600
Triangular frame synchronous
wavefornm

NINOMIYA, Y. et al. [ 1987] - Concept of MUSE system and its protocol,

NHK Laboratory, Note. No. 345.

CCIR Documents

f1986-90]): a. 10/52 (Japan); b. 10-11S/27 (Japan); c. 10-115/29 (Japez).

13
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ANNEX III

THE HDMAC COMPATIBLE HDTV SATELLITE BROADCASTING SYSTEM

1. Design consideration

HDMAC is designed to allow the introduction of HDTV on existing
MAC/packet systems, or directly as a new service. (CCIR, 1986-90a, b]
describe the designconsiderationsof HDMAC bandwidth reduction.

These include the performance of the system with respect to the
received HDTV picture quality, the full utilization of current
technological capabilities, the feasibility of system development as
technology advances, and the economic viability and suitability of the
system with respect to its adoption, and subsequent use, by broadcasters
and viewers. As a consequence, receiver manufactures can produce and
market HDMAC receivers as an extension to their product range, without
making existing products obsolate. Additionally, the HDMAC product range :is
broadened by the potential for display up-conversion. The use of DATV
significantly reduces the complexity of HDMAC decoders, and therefore th
cost; and makes their behaviour uniform, regardless of channel distortio

X}

el
ns.
HDMAC is optimized to allow HDTV services on WARC-BC-77 emission
channels, while preserving the compatibility with the MAC/packet
system. These:constraints involve the EUREKA 95 project in global tracdeoi:is
between the receiver complexitv, the quality of the high definition

picture generated with the 1250 line/50 field scanning standard, andé the
quality of the compatible picture viewed on domestic MAC/packe: receiverss.

This system is designed to employ spectrum folding, subsampling and
motion adaptation to preserve the resolution of both static and tracked
motion for high-definition reception [Hurault, et.al., 1988].

2. System descziption

The specification in Europe of a high-definition television system
(HDTV), studied in the context of the European EUREKA 95 project, is based
for its complete description, on the specification of the MaC/packet family
which is presented in Report 1073 [CCIR, 1986-90c].

The time division multiplex is used for picture/sound/data
multiplexing for HDMAC transmissions which include two members of the
MAC/packet family: D-HDMAC/packet and D2-HDMAC/packet systems. These two
systems are suited for use in satellite broadcasting and any transmission
medium which guarantees a baseband of about 11 MHz. In addition, to improve
the noise performance, non-linear pre-emphasis is used (see Section 2.6).

2.1 Structure of the multiplex

The structure of the multiplex is based on a 40 msec digital frame
which contains 625 lines of 624 us each. The multiplex is composed of three
main components (see Figure 20):

- the HDMAC vision signal;

- the line blanking interval (LBI) data burst, which carries the sound/dazla
multiplex;



625 lines

64 s

Sound/data
multiplex
(using LBI

data bursts)

"DATV/data multiplex (using FBI data bursts, minimum 20 lines)

- N N W WP W T W WG W W W . W W W W W W W W W W e wwow -

| optional teletext data lines

Chrominance

HDMAC vision signal - see Part 2

Luminance

DATV/daté multiplex (using FBI data bursts, minimum 20 lines) + line 312: test line

T I T I I I T e T R i A

| optional teletext data lines

Chrominance

HDMAC vision signal’ - see Part 2

Luminance

line 623" : test line

”__ line 624 : reference signal

FIGURE 20

General HDMAC/packet TDM structure

T line 625 : signalling

-day

i=sL0l

81
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- the field blanking interval (FBI) data burst, which carries the DATV/data
multiplex.

2.2  Sound

Sound is coded according to the MAC/packet specification. The
available capacity in the LBI is equivalent to four high-quality or eight
medium-quality sound channels compatible with MAC/packet for the D2 system
and eight high-quality or sixteen medium-quality sound channels compatible
with MAC/packet for the D system.

2.3 yision

Document [CCIR, 1986-90d] gives the baseband characteristics
(summarised in Table XX). The modulation parameters of the emitted HDMAC
signal are given in Table XXI.

2.4 General video characteristics of the HDMAC vision signal

See Table XX.
2.5 Bandwidth reduced signal .

Multi-branch coding is used for HDMAC band reduction [Vreeswijk,
et al., 1988; Arragon, et al., 1988; Pele and Choquet, 1988].

[CCIR, 1986-90a] reports on the subjective assessments that were
performed by five laboratories throughout Europe and that led the Eureka EU
95 project to select the final HDMAC bandwidth reduction system. Seven
candidates' algorithms were evaluated. Eight scaled-down moving picture
sequences were used covering a range of possible source material
(originated in 1250~ and 625-line interlaced video cameras, 25 and 50
pictures/sec. film). For the tests a double stimuluse method was used with
continuous graphical quality-scaling (in line with CCIR methods). The
ranking order for the seven algorithms was generally the same for each of
the five laboratories that undertook the tests and there was a high degree
of correlation for the quantative differences between the mean grades. The
results gave confidence in the method and the validity of the ranking
order. :

The HDMAC BR codec'uses three luminance coding branches, all with
quincunx subsampling lattices;

- an 80 msec branch with HD resolution for stationary areas;

- a 40 msec motion compensated branch for velocitites up to 12
samples per 40 msec.

- a 20 msec branch for rapid motion and sudden picture changes except
when in 25 picture/sec. film mode.

The transmissible range of spatial frequency is given in Figure 21
for all modes. To carry the information contained in a 120 line HD system
through a 625 line MAC/packet channel, a process, termed "shuffling", is
used.
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TABLE XX

eral video ch p of the KCUMAC

-

Number of emitted lines per picture : 625

Number of fields per second : 50
Interlace ratio : 2:1
Analog bandwidth approximately : 11 MHz1
Aspect ratio : 16:9 (associated with panning
' information for compatible
4:3 displays).
Compression ratios
luminance : 3:2
color difference : 3:1
Sampling frequency : 20.25 MHz2
High definition reception :
Luminance resolution
horizontal ‘
static and tracked motion : 620 c/apw?
untracked motion : 310 c/apw
vertical
static : 400 c/apw3
motion : 200 c/apw

Compatible reception :

Samples per active lines
luminance : 697
color difference : 349

Note 1 : Allowing for practicable Nyquist filter
Note 2 : Conventional MAC sampling frequency
Note 3 : Cycles per active picture width/picture height

TABLE XXI
EDMAC modulation pazametexs for DBES

Nominal vision signal bandwidth : 10.125 MHz at -3 dB

Nominal channel bandwidth : 27 MHz

Modulation : MM

Polarity of frequency modulation : positive

DC component : preserved

Pre-emphasis characteristics: non linear process applied only to
HDMAC samples and linear
applied to all the multiplex (same
as for MAC)

Frequency deviation : 13.5 MHz at the cross-over

frequency of the linear pre-emphasis
- network (1.37 MHz).
Energy dispersal : triangular frame synchronous
waveform (corresponding carrier
deviation : 600 kHz peak-to-peak)
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The 40 msec branch is motion compensated. One motion vector is

emitted for each block of 16 samples by 16 lines on the HD grid via the
DATV data.

The HDMAC BR codec uses three colour-difference coding branches, the

first and third using a quincunx, the second an orthogonal subsampling
lattice: ¢

- an 80 msec branch with HD resolution for stationary areas;
- a 40 msec branch for rapid motion and sudden picture changes;

- a 20 msec branch for rapid motion and sudden picture changes,
except when in 25 picture/sec. film mode.

The transmissible. range of spatial frequency is given in Figure 22
for all the modes. Intra-field shuffling is used for the 80 and 20 msec
branches and inter-field for the 40 msec branch.

A film mode option is implemented, which only activates the 80 and 40

msec branches. In this way maximum benefit is taken from the knowledge that
25 picutres/sec. film is the source material.

The branch selection information Ls conveyed, after formatting by the DATV
data ([Storey, 1986].

DATV information that contains the branch switching signal allows for 1700
. possibiliities, coded in ll-bit-long codewords. The five route/80 msec pericd
coding results in a bit rate of 891 kbit/s. The colour-difference switching
information is derived from the luminance DA data.
Compatibility improvement for edge crawling in stationary areas is done by
vertical intra-field filtering, with an attenuation of 6 dB.

2.6 EI comgatibie noﬁ-line&r pre(de-emgﬁasis network example

Here a short description of E7 is given. The full description is given in
Report 1074 [CCIR, 1986-90e], ' '
"ET" is a non-linear pre/de-emphasis which has been designed to provide

noise and interference improvement without any threshold degradation. E7 is a
frequency dependent instantaneous compander system. It is "compatible”™ in the
sense that it has no effect at low video frequencies, so the deviation :ensitivity

of the FM signal is not affected. E7 may be implemented in either analogue or
digital form.

In E7, the high frequency components above 2 MHz of the signal are passed
through a non—llnear network. The non-linearity is defined in Figqure23. The pre-
AemphaSLS network is descrlbed by Figures 24 and 2s.
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Transmissible range in spatial frequency domain
for the luminance sampling puatterns
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IwvT
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: de-emphasis network
low pass filter

gain of amplifier >> 1
error signal

o Qe

FIGURE 24

Analogue pre-emphasis configuration

TIVUT -
-+ T A )+ N

A : adder

T : delay element

F_.: low pass filter

N 7: non-linear function

FIGURE 25

E7 de-emphasis block diagram -
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ANNEX IV

SYSTEMS UNDER DEVELOPMENT IN NORTH AMERICA

1. HDS-NA satellite signal: AN HDTV MAC format for FM environments

1.1 Introduction

FM environments such as satellite and tape recording present critical
links for HDTV television distribution in North America. In addition to existing
fixed-satellite service (FSS) transmission of programme material to broadcast
stations and cable head-ends, there is also the potential to introduce
satellites in the broadcasting-satellite service (BSS). It has been demonstrated
that Multiplexed Analogue Component (MAC) signal formats have significant
advantages over frequency multiplexed (interleaved) formats (e.g. NTSC) when
transmitted over FM satellite links. However, MAC formats are not appropriate
for HDIV terrestrial broadcasting, or cable distribution in the United States
because of the need to be compatible with the existing NTSC (System M) format.
With these constraints in mind, a pair of HDTV signal formats (denoted "a)" and
"b)" below) called HDS-NA, has been proposed in the United States for satellite
transmission. They are optimum in transmission and emission of HDIV programming,
while providing ease of transcoding to each other, and to NTSC, by use of common
baseband parameters. This annex discusses the HDS-NA satellite signal for use in
an FM emission and transmission environment.

1.2 HDS-NA signal

The required HDTV source signal to the HDS-NA encoder supports a dual
format:

a) progressive (1:1):525-1lines; 16:9 aspect ratio; 59.94 Hz frame
rate; or

b) interlace (2:1):1050-1lines; 16:9 aspect ratio; 59.94 Hz frame
rate.

The choice between interlaced and progressive scanning may depend on
the application: interlaced for stationary imagery, or imagery captured at low
temporal rates (e.g. 24 frames per second); and progressive for optimum motion
portrayal. The following signal packaging description is based on a 525-line,
progressive source. When the source is 1050 lines, interlaced, a spatially
correct 525-line scan is generated.

As in all HDTV systems with limited bandwidth, EDS-NA applies a
subsampling technique to reduce information content. Linear
subsampling, employed in HDS-NA, provides high~-quality motion
rendition and a high-resolution picture achieved with an
inexpensive decoder. It also provides expandability of
tegsolution. If more bandwidth is necessary for high-quality
advanced television system (ATV) applications, the horizontal
resolution of the HDS-NA satellite signal can be extended
gracefully without rendering obsolete the format or existing
receiving equipment. If memory is used in the decoder, diagonal
resolution can be increased.
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When the source signal Is 525-lines progressive, alternate ines are replaced by a Line
Ditierence signal containing Information for increased vertical resolution. A similar signal, the
Line Subtraction signal, is generated when the source Is 1050-lines interlaced. This is done in
parallel with an initial scan conversion from 1050 interlace to 525 progressive scan. The
conversion uses an algorithm optimally designed to provide subsequent conversion capability to

525 Interiace scan for NTSC without generating artifacts.

The HDS-NA satellite signal unique packaging format involving time expansion and
compression. A 127.11 usec “superiine” of twice the duration of one NTSC line is used to
assemble a block of eight video and data packets. The “superframe®, 525 superlines, has

elements from four consecutive 5§9.94 Hz fields, equivalent in duration to four NTSC fields,

Source:525-1ine progressive

The Line Difference (LD) signal is derived from contributions frem

three adjacent lines. Referring to Figure 26, source line S, is replaced by LD,

in the encoded signal. The relationship between LD and the source line is
LDp = Sp - (St + Spa1)/2
On receipt of the HDS-NA transmission, reconstruction of the source line is accomplished by

Sp = LDp + (Sp.1 + Spet)2

. Source:1050-1line interlaced

When the source is 1050-line interlaced, the construction of the superline requires that
first a spatially correct 525-line progressive scan be generated for ease of transcodability 10

the NTSC compatible terrestrial/cable emission signal. Two operations are performed. Fist. a
§25 line progressive scan is developed from every field of the 1050-line interlaced sipnal

Referring to Figure 27,the odd source lines Sy, S3, Ss.... ©of Field 1 sre transformad
progressive lines Py, Py, Pg, ... and even source fines Sy, Sy, Sg . ..t1o progressive lines Py,

P4. Pe- . .. by the relationship
Pr= (1/4)Sppn.1 + (3/4)S2,,¢ Odd source lines

Ppe= (3/4)Sa, + (1/4)Sz,2 Even source lines

in addition, & lne-subtraction (LS) signal is derived from the 1050-iine interiaced source. The
relationship between the source lines and the LS signal is

LSpe= 520.3 - Son.1 Odd source lines

LSpe= S2p - San.2 Even source fines
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SOURCE FIELD

51
Sg ———————————  eeeeeeieeea LD,
S3
S, —/—————— eeeee----- LD,
Ss
Sg —————————  ceeeeee---. LDg
S;
525 LINES
EACH 1/59.94th SECOND
Figure 26. HDS-NA satellite signal - Scanning geometry for 525-line

progressive source.

SOURCE FIELD 1 SOURCE FIELD 2
S1
S2
"""""" Pl “"“""‘“Pz
S3
S4
"""""" Pa """"'""Pl‘
Ss
Se
"""""" P5 "'“"""""PS
525 LINES 525 LINES
EACH 1/59.94th SECOND EACH 1/59.94th SECOND
Figure 27. HDS-NA satellite signal - Scanning geometry for 1050-line

interlaced source.
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In transmission, the luminance signals Py, LSa, F3, LSy, Pg, LS5 ,... form a progressively
scannec frame requiring the same channel capacity as the 525-iine progressive signal described
previously, followed by a frame Py, LS;, P4, LSs, Pg, LSy .... Afer reception, the 1050-line

intertaced signal is reconstructed by the relationship
sh - (3/4)Lsh¢1 *Pn

The exact algorithm for scan conversion when the source is 1050-ine interlaced may evolve
as further evaluation of the system takes piace.

1.2.1 HDS-NA superline

For both 525-line progressive source, and 1050-line interlaced source converted to
spatially correct 525-iine progressive scan, the packets in the superiine are as shown in Figure
28, and are described below:

Y4 -Luminance sigftal of Line 1, carrying 280 lines/PH of resolution, horizontally
fitered to a bandwidth of 9.54 MH2

Y -Luminance signal of Line 3, camying 500 lines/FH pf horizontal resolution
expanded by 16:9 ratio to obtain frequency compression o 9.54 Miz. ’

LDo/LS; -Luminance Line Difference componerit, in place of Line 2, carrying 140
lines/PW horizontal information, derived from the horizontally filtered source
line minus the average of the two adjacent lines. This packet, vertically high-pass
filtered and horizontally low-pass filtered for vertical resolution enhancement,
is compressed 2:1 :

LD,/LS, -Similar to LDy or LS,, in place of Line 4.

| -Matrixed color component vertically decimated 4:1, with 140 lines/PH.
. horizontal resolution at 59.94 Hz.

Q -Matrixed color component vertically decimated 4:1, with 70 1ines/mH horizontal
resolution at 59.94 Hz.

DSS ° -Dighal Sync and Sound and conditional access information of 8.2 usec duration.
Consarvatively, the data rate can be 1.375 Mbit/s. As an example, the DSS can
support an existing encoding system providing four 243 kbic/s sudio charnels
and 403 kbit/s for conditional access and other services. Dighal
synchronization, using comrelstion techniques, requires less than 1 kbit/s. -

Camp  -Grey level clamp period -

The subscripts relate to the location of each assemb]..ed packethln zl‘ézrfg:ﬁcilz?
four field sequence of the super frame. Table XX?I lists tl;z ro:/:mara‘dhiCh tics o
each packet. The superline occupies a base band_w:.dth of 9. z,

into a 24 MHz or 27 MHz satellite channel.



Rep.

1075-1

2X C: 555 = 127.11 usec ————1

Y1

26 psec

Y3

46.2 usec

\

Clamp Period - 1.2 psec

position of the video and data packets

Figure 28. HDS-NA Satellite Signal - Superline, showing the

Table XXII- Characteristics of HDS-NA satellite signal components

COMPRESSION | DURATION BASESAND FREQUENCY
COMPONENT Before . Ater
RATO (usec) Compression Comorassion

(MH2) (MH2)

Y, 11 28 9.54 8.54

Y 9:16 6.2 16.8 9.54

, 1S, 201 13 475 $.54

b, s, 2:1 13 4.75 9.54

! 2:1 13 4.75 9.54

Q 41 8.5 2.375 9.54
pSS 8.2
Clamp 1.2

149
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1.3 HDS-NA spectrum

For the case of a 525-line progressive source, the two-dimensional
spectral distribution of the encoded signal is shown in Figure 29. The
luminance horizontal resolution is 500 lines/PH with 480 active lines delivered
at a 59.94 Hz refresh rate. Some of the diagonal details are refreshed at
reduced rates, 29.97 Hz and 14.98 Hz. In addition, the system delivers four
channels (two stereo pair) of near CD quality sound and, in addition,
conditional access control information.

Figure 30 gives the two-dimensional spectral distribution when a 1050-
line interlaced source is used. The vertical resolution is nominally 680 lines,
and the diagonal resolution is reduced. The amount of data delivered for sound
and conditional access information is the same as available when a 525-line
progressive source is used.

The HDS-NA satellite signal encoder and decoder hardware have been
constructed and the processed signal has been demonstrated at baseband.
Satellite testing began in late 1989.

Line Differsntal (LD) signal component
for the transmiszion ol high frequency
vertical dewil

Vertical
Resolotion | interiacing Contribution
(lines/PH)

480

240

120 —

High resolution vertcal
and horizontal detail
140 280 $00 Horitontal Resolution
16.8 MHz (lines/PH)

LUMINANCE (Y] SPECTRIM

Figure 29. HDS-NA satellite signal - spatial spectrﬁm distribution
Source signal is progressive (1:1), 525-1lines,
15:9 aspect ratio, 59.94 Hz frame rate.
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Vertical
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(lines/PH) interiacing Contridution

680 LUine Subtraction Contribution

interiacing Contribution

480 ==

240

120

140 2890 soo Horizontal Resolution
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LUMINANCE (Y) SPECTRUM

Figure 30. HDS-NA satellite signal - spatial spectrum distribution
Source signal is interlace (2:1), 1050-lines,
16:9 aspect ratio, 59.94 Hz field rate
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2 .HDB-MAC: an HDTV format designed for satellite transmission and emission

2.1 Introduction

Th: ff?:ﬂﬁf system is pzémarily intended for conditional-access
sate e transmissions ut will also pass through
and other media, if reqhi:ed. P ugh cable systems

HDB-MAC employs a time-multiplex of luminance and chrominance to
avoid cross-color and cross-luminance. The signal requires a
converter which generates an NTSC output for display on NTSC
receivers.

HDB-MAC employs a 525-line, 2:1 interlaced format for transmission
allowing simple conversion to NTSC for non-HDTV receivers. (An equivalent system
can also be defined for use in a 625-line environment.) HDTV decoders employ an
adaptive field-store scan-converter to achieve a 525-line, sequential-scan
display. Since HDTV sets will have to accommodate NTSC inputs, it is reasonable
to assume that the interlaced/progressive scan-converter will be incorporated in
all HDTV sets. This method achieves a vertical resolution of 480 lines per
picture height (lines/ph) for static areas of the picture, and 320 lines/ph in
moving areas.

HDB-MAC employs sub-Nygquist spectrum folding to trade diagonal

resolution for increased horizontal resolution. The processing

requires the use of line-memories (not field memories). This

technigque achieves a horizontal definition of 535 lines/oh

for both static and dynamic areas of the picture. The baseband 6 dB bandwidth of
the HDB-MAC signal is 10.7 MHz. Folded energy (on the diagonal) occurs only
above 7 MHz, so that a simple (non-HDTV) decoder can remove it using a low-pass
filter (see Figure 31).

The system allows for display in either 16:9 or 4:3 aspect
ratio. (Non-HDTV decoders select a central 4:3 segment of the picture, under pan-
scan control, and convert it to NTSC.

HDB-MAC has a line multiplex as shown in Figure 32. The data segments
of the signal carry six digital audio channels, as well as text and data. The
data multiplex and the conditional access/scrambling systems are identical to
the B-MAC system described in Report 1073 and in the CCIR Special Publication
"Specifications of transmission systems for the broadcasting-satellite service".

One of the major advantages of HDB-MAC is the low cost of the
decoder. The use of 2-dimensional spectrum folding to increase
horizontal definition requires only line-store signal processing.
_The total gate-count for this part of the receiver, including all
other B-MAC functions (audio, text, data and conditional-access)

is 450,000 gates.

The use of field-store scan-conversion to extend vertical resolu-
tion incurs a requirement for at least a single field-store in
the TV set. But such a field-store will invariably be present in
BDTV receivers to allow the set to accept non-EHDTV, NTSC inputs.
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FIGURE 32

B-MAC line multiplex
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The system allows for a wide range in the quality of the decoder
and the display standard. CRTs and projection systems may ope-
rate with the following display standards:

4:3 525-1ine 2:1 interlace
4:3 525-1line 1:1 progressive
16:9 525-1ine 2:1 interlace
16:9 525-1line 1:1 progressive.

The HDB-MAC system is based on, and is an expansion of, the fully
developed, completely tested, operational B-MAC system. The B-MAC system has

been selected for domestic use in Australia, and over 100 satellite channels are
now operating world-wide.

The HDB-MAC system has been demonstrated in the United States at both
the 1989 Conference of the National Association of Broadcasters and the
1989 Conference of the National Cable Television Association. An experimental

HDTV network using HDB-MAC was scheduled to begin operation in North America in
the fall of 1989.

2.2 System characteristics

2.2.1 Compatibility

HDB-MAC requires a satellite transponder having a bandwidth of either
24 or 27 MHz.

HDB-MAC generates an output with the following characteristics:

- 525-1ine sequential scan;
Separate RGB components;

- 18 MHz luminance bandwidth;
- 16:9 aspect ratio.

A number of advanced television formats for terrestrial and cable
systems require an input signal with these characteristics. HDB-

MAC may therefore be used as a feeder signal, or for direct
reception.

2.2.2 Luminance and chrominance spatial/temporal resolution

The static and dynamic luminance response is shown in Figure 33. Static
horizontal resolution is 535 lines/ph. Static vertical resolution is 480 lines.

Dynamic horizontal resolution is unchanged at 535 lines/ph. Dynamic
vertical resolution is 320 lines. ‘

The chrominance response is shown in Figure 34. Both the static and
dynamic chrominance horizontal resolution is 260 lines. The static chrominance

vertical resolution is 120 lines. There is no loss of diagonal chrominance
resolution. :

2.2.3 Chromaticity/colorimetry characteristics

The color-difference axes are R-Y and B-Y. Primary colors are as
defined for NTSC.
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2.2.4  Artifacts

HDB-MAC has no cross-color, cross-luminance or line-structure
artifacts. :

Motion detection is required in the luminance scan conversion
between 525-1line interlace and 525-1line progressive. The pre-
sence and severity of artifacts will depend on the quality of the -
adaptive signal processing, which will improve as technology
improves in coming years. _

2.2.5 Aspect ratio, display size and viewing angle

A choice of the aspect ratios 16:9 or 4:3 can be made on a
programme-by-programme basis. (A central 4:3 segment of the picture is converted
‘to NTSC for viewing on non-HDTV receivers.) '

' BDB-MAC is designed to be viewed at 3 times Picture Height of a
16:9 display (that is, with an included viewing angle of 33
degrees). : _ '

2.2.6 - Baseband video bandwidth and FM’deviation

The transmission bandwidth is 10.7 MHz (-6 db bandwidth), while the display
bandwidth for luminance is 18 MHz and 5 MHz for chrominance.

The amount of deviation and the pre-emphasis characteristic are
still under investigation. .Non-standard circuits will be re-
gquired for both clamping and de-emphasis. ’

2.2.7 Audio and ancillary signal capabilities and characteristics

BDB-MAC carries six digital audio channels of 15 kHz bandwidth,
using the Dolby Adaptive Delta Modulation (ADM) system described

in Report 953. This ADM system provides an instantaneous
signal-to-noise ratio (at 1 kHz) greater than 58 dB, and a dynamic range in
excess of 90 dB.

Each channel {is encrypted’vith a separate pseudo-random bit
sequence derived from a 56-bit key, updated at intervals of 0.25
. seconds. :

Since there is no connection between the separate digital chan-
nels, stereo separation depends only on audio equipment quality.

In addition to the six digital audio channels, the system car-
ries: : ‘ ' ' ’

63 kbit/s utility data channel

Up to 600 rows per second of text data
Conditional-access data channel
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3. SC-HDTV: spectrum compatible HDTV

3.1 Introduction

‘ The basis of the spectrum compatible HDTV system, SC-HDTV, is the
choice of scanning parameters having a simple relationship with those of
conventional NTSC (system M) for more efficient video encoding and transmission
processing of video. Application of the principles of spectrum compatible HDTV
to FM satellite emission results in improved received signal-to-noise ratio. The
FM spectrum of SC-HDTV is also much more symmetrical about the carrier frequency
than conventional satellite video signals due to the removal and digital
encoding of DC and low video frequencies. This makes possible a more efficient
receiver design with narrower filters and better threshold performance.

3.2 Scanning

The vertical and horizontal scan rates have been chosen to be equal to,
or a multiple of, the NTSC rates in order to avoid interference with NTSC when
the baseband format of this system is used for terrestrial broadcasting. These
rates are 787.5 lines per frame, progressively scanned, 59.94 frames per
second (fps). 787.5 corresponds to 47,203 lines per second which is three times
the NTSC horizontal line rate. (PAL and SECAM countries could employ this
technique by chosing a 937.5 line 50 fps transmission scan rate.)

3.3 Video encoding

High definition video encoding compresses the 28.9 MHz R, G, B source into
transmission fields of video components as shown in Figure 35. The encoding
g_roccss is designed for redundancy reduction to match buman vision. Some low

equency components of one-third of the source bandwidth (9.6 MHz) are
transmitted at full frame rate of 59.94 fps for good motion rendition. This is
component LL in the spatial-temporal resolution diagram of Figure 36. (The
following resolution symbols are used in Ftgure 36: L/PH = lines/picture height and
L/PW = lines/picture width.) The remaining luminance components (LD, MH,
HH) are transmitted at lower rates (11.988 Hz) but with good detail for .static
images.

Color difference components R-Y and B-Y (or C1 and C2) are also transmitted at
the lower rate of 11.988 Hz. Overall, the incoming video is separated into six
components, each of one-third of the source bandwidth. The last step in the video
engse;?{g consists of time expansion to limit the final bandwidth of each component
t0 3 MHz.

The six video components are time-multiplexed into two 3 MHz signals. A full set
of the six video components is transmitted every five lines, as illustrated in Figure 37.

3.4 Transmission processing

Transmission encoding steps shown in Figure 38 are performed to
minimize peak and average power and minimize mutual interference with NTSC for
AM transmission and to minimize peak and average deviation for FM transmission.
The first step limits the power of the SC-HDTV signal to the video content of
the signal by eliminating conventional sync signals, carrier and subcarriers.
The motivation for the first step of Figure 38 is more even distribution of

average power over the 6 MHz channel. Most of the power of a conventional signal is
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concentrated at D.C. and low-frequency video. By subtracting D.C. and the lowest
200 kHz of video and transmitting these signals in digital form during the
vertical blanking interval, the average power is reduced significantly.

The digital modulation is 16-QAM of 5.35 M symbol/s. The audio channels
associated with the SC-HDTV signal are in digital format and are transmitted as
part of the same 16-QAM signal.

Another significant step in power/deviation reduction is temporal
pre-filtering (frame combing) and post filtering as illustrated in Figures 39
and 40. Rather than transmitting the actual signal value, the difference between
the present frame and 75% of the previous frame is transmitted. This produces a
12 dB signal reduction on static images.

.

The next step in power reduction is instantaneous compression (Figure 41), included -
to further reduce noise visibility and peak signals. This is not always guaranteed by
average power reduction.

Compression is followed by time dispersion (Figure 42) which is dimensioned to
contribute to peak power/deviation reduction as well.

3.5 Modulation

For AM transmission the two 3 MHz signals, I and Q, modulate an in-phase and a
quadrature carrier in the center of a conventional 6 MHz band by suppressed
carrier-double sideband-amplirude moduiation.

The transcoding process for FM satellite transmission includes time
compression and time multiplexing processes whereby the two 3 MHz signals are

multiplexed into one 6 MHz component suitable for FM modulation. Figure 43 shows
the timing relationships.

The single 6 MHz SC-HDTV transmission signal has no D.C. and no low-frequency
components resuiting in an FM spectrum that is narrower and more symmetrical
than an NTSC FM spectrum as shown in Figure 44. :

-Frame synchroﬁization is achieved by a clock signal, transmitted during
part of the vertical interval. A small horizontal reference pulse is transmitted
between two lines. The data signal also includes bits to help motion rendition
interpolation. The data signal occupies alternately 21 and 22 lines per frame
during the vertical blanking interval.

3.6 The satellite delivery system

Regardless of whether the satellite link is used for network or cable feed or for
home delivery of TV programs, the SC-HDTV signal format bas two important
advantages over the NTSC format and over NTSC-based HDTYV systems.

As a first advantage. DC and low video {requencies are absent which results in a
narrower and more svmmerrical spectrum. Increased deviation within a given
transponder bandwidth is possible which results in less distortion and less noise and
extends the threshold. Secondly, FM noise addition is less noticeable for SC-HDTV
than for NTSC. The portion of the signal farthest removed for the FM carrier is nos't noise
contaminated. In NTSC it is the color that suffers but in SC-HDTV the signal
farthest removed from the carrier consists mainly of moving edges on which
interference and noise are less noticezble. This difference becomes particularly
significant at FM threshold. :
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The received signal is the 6 MHz tme-multiplexed version of the I and Q

components. The video baseband input for the SC-HDTV consumer type receiver

can be designed for separate I and Q inputs or for combined 6 MHz input. In the

latter case the time expander and demultiplexer are made an integral part o
receiver. The same can serve the VCR output signal.

3.7 Encryption

The delivery of services requiring scrambling for satellite and cable
delivery can be conveniently accomplished by encryption of the data signal. Sincs

the analog video is also digitally processed. this part of the transmission signal is

readily encryptable as well. Digital eacryption, when properly decrypted, has the

advantage of retaining signal quality. Repeated encryption/decryption cycles are

' possible without loss of quality. The conditional access box illustrated in

Figure 45 performs decryption.
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ANNEX V

HIGH-DEFINITION TELEVISION TRANSMISSION EXPERIMENTS USING THE MUSE
SYSTEM

1. Intraducrion -

FM transmission experiments of the MUSE signal have been
carried out. Results of the experiments are described in this

annex.
2. i =i Vi
in the 12 GHz band

2.1 Experiment system

Figure 46 illustrates the block diagram of the experiment.
The broadcasting satellite BS-2 is able to broadcast on the WARC-B8S
satellite channel in the 12 GHz band. Modulation parameters for
MUSE are shown in Table XIX of Annex II. Experimental equipment
including both transmitter and receiver were installed at the NHK
Broadcasting Center in Tokyo and satellite channel No. 11 was used.
A commercially available converter with a noise figure of 2.1 dB
was used for the experiment.

The link budget at the edge of coverage area with rain
attenuation of 2 dB not exceeded for 99% of the worst month was
calculated as shown in Table XXIII. In this case, a G/T of 16 dB
would be required for reception at a carrier-to-noise ratioc of 17

dB corresponding approximately to the perxception limit of noise
impairment (see section 10.1.1 of- the body of the present Report).

HUSE 30"
DEC. CRT

AUDIO
DEC.

sP.

FIGURE 46
Schematic block diagram of experimental transmission

of MUSE-encoded HDTV signal via broadcasting satellite BS-2
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2.2. Received C/N and picture quality

Using an antenna of 0.75 m diameter the received C/N was 17.8 dB.
The S/N of the demodulated FM signal (with a bandwidth of 8.1 MHz)
was 39.5 dB including the emphasis improvement of 9.5 dB.

It was found that the noise impairment of the received picture
was almost equal to the limit of perception even when an antenna of
0.75 m in diameter and a receiver NF of 3 dB were used under clear
weather conditions in Tokyo.

3. : ; i 7 frterward

The experiments were carried out in seven rounds from 1987 to
1988, using the BS-2b broadcasting satellite.

Eleven Japanese television receiver manufacturers and NHX
took part in the experiments. The MUSE signals were received and
measured in Tokyo, Osaka, Nagoya, and their vicinities.

All the receivers produced by the manufacturers participating
in the experiment showed good reception capability of MUSE signals.
The signals were received with little aliasing and little ringing.
Tests for sound mode switching controclled with codes also went
well. ’

The tests produced received C/N ratios of 17 to 21 dB under
clear weather, which were also corresponding to, or better than,
the limit of perception for noise impairment. The S/N ratios of
baseband signal demodulated with the tuners were almost coincident
with theoretical values (C/N + 11.9 dB).

Bit error ratios of digital sound/data signals were 1077 or
better at a C/N of 10 dB. They were measured under a low C/N
condition deliberately provided with an attenuator inserted after
the receiving antenna. No extreme picture degradation was observed
with this C/N condition of 10 dB.

Picture quality was evaluated as better than grade 4 in the 5-
grade scale using test materials extracted from HDTV programmes and
still pictures. The sound was evaluated as grade 5 for all cases.

The same modulation parameters mentioned above were used in
this experiment and were confirmed as adequate for practical use.
It was also confirmed that the DBS tuner developed for the
reception of conventional television could be used for MUSE with
minor modifications.

Further demonstrations took place in Japan in 1987 using the
BS-2b on a time-sharing basis with the transmissions of
conventional television broadcasting. Another demonstration was
conducted in Canada and the United States in October 1987 using
Anik-C and RCA-K1 communication satellites delivering the signal to
seven cities.

Among other programmes broadcast in HDTV, the most attractive
event was the Seoul Olympic Games in 1988. At opening and closing
ceremonies, live satellite broadcasting using BS-2b was carried out
with HDTV programmes relayed through the Intelsat to Japan from
Seoul, Korea. Other sporting events were recorded on video tape and
also broadcast in HDTV through the BS-2b satellite the next day.
The total amount of broadcasting was 73 hours 20 minutes in 17
days.
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The broadcasts were received with parabolic antennas of 75 cm
to 160 cm in diameter depending on the location, and pictures were
demonstrated at 81 locations throughout Japan in department stores.
or public facilities by using 205 various display equipments. About
3.7 million people in totalt observed HDTV, and were impressed with
the excitement of the games conveyed by HDTV.

Since June 1989 regular experimental HDTV broadcasting has been
started. For this purpose an HDTV programme production facility has been
implemented which provides production capablilities needed for broadcasting of
one hour each day. The 1125/60/2:1 HDTV system is used and standards conversions
between HDTV and conventional television systems are incorported. This equipment
has been implemented by NHK over several years based on a long-term schedule
[CCIR, 1986-90a].

A new instrument for checking C/N ratios has been developed in which
the noise power is measured in a narrow band slightly outside the channel. This
instrument can be used with any television system including HDTV.

Another instrument has been developed to measure audio bit error ratio
during broadcasting. It has two modes of measurement. One utilizes the frame
synchronizing code, the other the error-correction code. The former counts error
bits of the frame synchronizing code of a 16-bit fixed pattern which is
transmitted during an interval of one millisecond. The latter counts error bits
detected with the error-correction code in each audio data block which is
transmitter at a rate of 16 blocks/millisecond [CCIR, 1986-90b].

Regular experimental HDTV broadcasting for one hour a day has been done
using BS-2b since June 1989.

TABLE XXIII

Link budget for MUSE transmission of 1123/60 system

Frequency (GHz) 12
Type of modulation ™
Equivalent RF bandwidth (MHz) 27
C/N (exceeded for 99% of the worst month) (dB) 17.0
S/N unweighted (dB) 39.0
Figure of merit G/T (dB/K) ‘ 16.0
Required power flum-density (edge of beam -

exceeded for 99% of the worst month) (dBW/m?) -110.5
Free-space attenuation (dB) 205.6
Rain attenuation (dB) 2.0
Atmospheric absorption (dB) 0.1
Feeder-link noise contribution (dB) 0.3
Edge of coverage of area factor (dB) 3.0
Required e.f.r.p. from satellite (beam

centre) (dBW) 57.7
Satellite antenna beamwidth (-3 dB) (degrees) 1.3 x 1.8
Satellite antenna gain (beam centre) "(dBi) 40.0
Losses (feeder, filters, etc.) (dB) 2.3
Required TWTA power (dBW) 20.0

(W) 100
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4. Conclusion

Rep. 1075-1

Satellite transmission experiments of the MUSE signal were
carried out on 2 single 12 GHz WARC-BS channel by using the .

operational Japanese broadcasting satellite BS-2 with an output

power of 100 W. Based on the results of these experiments, a

received C/N of around 17 dB is obtainable for 99% of the worst

month in nearly all of the main islands of Japan using a receiving

antenna of 0.7-0.9 m in diameter,

signal can be received with a sufficiently good S/N by using a
single 12 GHz WARC-3S channel.
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ANNEX VI

It has been confirmed that a MUSE

HIGH-DEFINITION TELEVISION TRANSMISSION EXPERIMENTS USING THE HD-MAC SYSTEM

1. Introduction

FM transmission experiments of the HD-MAC signal have been carried
cut using the French broadcasting satellite TDF 1. The configuration of

these experiments is described in this annex.

2. -3

1

=3

- These experiments were conducted in December 1988. Fig. 47
illustrates the block diagram of the experiment. The D2-HDMAC/packet signal

.was sent to the TDF-1 earth station through a FM microwave link with 14

hops. The signal was received by a commercially available outdoor unit with

:a 55 cm parabolic antenna. The noise figure of the SHF converter was equal

to around 2 dB.

A\

HDMAC Fi1 MICROWAVE LINK EARTH
ENCODER MCD WITH 14 HCPS STATION
TDF-1
HDMAC FM TUNER SHF
CECODER DEMOD CONV
FIGURE 47

Schematic block diagram of experimental transmission of
HDMAC signal via the DSB satellite TDF-1

ANT:
0.55 m &
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Table XXIV shows the modulation parameters used for HD-MAC
transmission through an FMWARC BS-77 channel. The basic parameters are
the same as for MAC signals in order to ensure the compatibility
with conventional MAC decoders. One extra process is applied to the
HD-MACsamples, namely non-linear pre-emphasis.

Table XXIV: Modulation parameters for HD-MAC

Normal vision signal bandwidth: 10.125 MHz at -3 dB

Normal channel bandwidth: 27 MHz

Mcdulation: - FM

Polarity of frequency modulation: positive

DC component: preserved

Pre-emphasis characteristics: non-linear process applied

only toHD-MAC samples and
linear applied to all the
multiplex (same as for
~ MAC)

Frequency deviation: 13.5 MHz at the cross-over
frequency of the linear
pre—emphasis network
(1.37 MHz)

Table XXV shows the main parameters of this experimental
transmission -

Table XXV: Parameters of the experimental transmission with TDF-1.

Channel number: 17
Channel frequency: 12034.36 MHz
EIRP towards the receiving station: 62 dBW
Rain attenuation: : 0
Free~-space attenuation (dB): 205.7
Receiving equipment (dB): 11.0 dB/K
Calculated C/N: 21.6 dB
Measured C/N: 21 dB

3. Results of transmission experiments

~The measured C/N was 21 dB in a 27 MHz bandwidth, which corresponds
to an impairment grade better than 4.5. ' : ,

- Some distortions were noticed due to the group delay in the microwave
link and were compensated for by adjusting the sampling time in the HD-MAC
decoder. ‘

4. Conclusion

Satellite transmission experiments of theHD-MAC signals were carried
out on a single 12 GHz WARC-BS channel by using the operational french
braodcasting satellite TDF 1 with an output power of 230 W.

A received C/N of 17 dB is obtainable for 99% of the worst mon?h
through out the service area with a 55 cm receiving antenna. Thu? an Hg;rAC
signal of good'quality can be received with a small antenna using 2
GHz WARC BS-77 channel.

169
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REPORT 955-2%*

SATELLITE SOUND BROADCASTING WITH PORTABLE RECEIVERS
AND RECEIVERS IN AUTOMOBILES

(Question 2/10 and 11, Study Programmes 2B/10 and 11, 2K/10 and 11)

(1982-1986-1990)
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‘l . Introduction

In Resolution No. 505, the WARC-79 invited the CCIR to continue and expedite its studies on the
technical characteristics of a satellite sound-broadcasting system for individual reception by portable and
automobile receivers in the frequency range 500 to 2000 MHz. «— YARC-ORB-85 considered this
matter and issued Recommendation No. 2 calling for further studies on satellite
sound broadcasting.

WARC ORB-88 also considered this matter and issued Resolution 520 which
extended the upper end of the frequency range of interest to 3 000 MHz and
invited the CCIR to conduct technical studies on:

1) the impact of choice of frequency on system parameters,
especially satellite power requirements, the characteristics of
transmitting and receiving antennas, and on propagation

characteristics;
2) the bandwidth required by the service; and
3) “the technical aspects of sharing between services with special

consideration to geographical sharing.

Several administrations, the EBU and the European Space Agency, had already undertaken studies on
such a system under Study Programme 2K/10 and 11, and a summary of those contributions appeared in the
SPM Report (1978). Since then, experiments were made in France and seme studies were also undertaken in
a number of other countries. During the period 1986-90 new studies were
undertaken in the United States of America and within the EBU, mainly in
‘the area of advanced digital techniques for UHF satellite sound-broadcasting.

On the basis of all these studies a technical report was prepared by
‘the CCIR for submission to WARC ORB-88 [CCIR, 1986-90a]. This report presents
clear evidence that the provision of a satellite sound-broadcasting service to
vehicle and portable receivers is feasible with the current level of
technology. :

In the present report, different analogue and digital  techniques are
considered with their relevant link budgets showing some trade-off between
service quality, service continuity, transmitted power and receiver complexity.

The AM sound satellite broadcasting systems intended for Band T were
the subject of preliminary studies  in the United States, the United Kingdom and
the USER.

2. Systems for band 9

2.1 Quality objectives and service availability
ds & reference '

The service quality objective to be chosen for satellite sound broadcasting may have a significant effect on EM
the overall broadcasting-satellite system design and cost. In [CCIR, 1978-82a and b] a high qualityfsound channel
was assumed? For the cases considered below, the test-tone to noise power ratio at the output of receiver ranged
between 40 and 57 dB in a 15 kHz baseband bandwidth. The need forfsound channels of such quality needs
further study taking into account economic factors. : M
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In the case of an FM model, the quality objective at the edge of the coverage area is taken as a subjective
quality corresponding to grade 3 on the 5 point CCIR quality scale. This corresponds to a weighted signal-to-
noise ratio (S/N) of 40 dB. As a second condition to be met, the carrier-to-noise ratio (C/N) needs to be kept
above the FM threshold (10 dB). The interference protection ratios should be high enough to ensure that the
system noise is the factor controlling the system availability. '

In the case of a digital model, the quality objective at the edge of the coverage area is equivalent to a
subjective quality of grade 4 on the 5 point CCIR quality scale. This will translate into an allowed bit error-ratio
depending on the type of source coding used and on the level of protection
against errors, and will translate into a required carrier-to-noise ratio
depending on the channel coding used. In this case, interference is considered

as additive noise and the protection ratios can be set such that the noise
cor~ribution from the co-channel interference is 1 dB and each adjacent channel
contributes 0.5 dB.

For the advanced digital systems the objective is to provide high
quality stereophonic service with fixed, portable and mobile receivers.

2.2 Suitable modulation methods

Studies performed by several administrations demonstrate in principle the technical feasibility of sound
broadcasting from geostationary satellites using antennas large enough (e.g. 8 to 20 m diameter at 1 GHz) to
provide national coverage, and designed for reception with low-cost portable domestic receivers, receivers installed
in automobiles and permanently installed receivers. In the first two cases, the receiving antenna would be small
and would have limited directivity. '

Three types of systems have been studied to date. The first uses
frequency modulation with parameters compatible with terrestrial FM
broadcasting, this first type includes also the companded FM system which would
not be compatible with present FM receivers. The second type assumes simple
digital modulation. The third type is also digital, but it uses a series of
advanced techniques to reduce the bit-rate and, above all, to.guarantee
reception in the presence of fading caused by multi-path propagation.

2.2.1 FM system

The FM model would enable monophonic reception in the case of portable and mobile receivers using
small antennas with limited directivity, and stereophonic reception in the case of permanent installations where
obstructions can be minimized and larger antennas can be used. In such a case, the receiver could be identical to
those available on the current market, with a simple addition (or exchange) of the freqeuncy converter at the input
stage.

The same carrier deviation and the same pre-emphasis are assumed as well as the same stareophonic
multiplex. Preliminary analyses tend to show that these modulation parameters are close to optimum in terms of
minimizing the required satellite power and optimizing the spectrum usage.

A number of administrations attach great importance to the use of existing FM receivers for the
broadcasting-satellite service with the possibility of a quality similar to that offered by terrestrial VHF/
FM services.

Some modifications to the parameters could offer advantages. By way of
example, a system is shown that has 10 kHz audio bandwidth and uses companding
to permit a reduction of the deviation.
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2.2.2 Simple digital system

The second modulation technique assumes a digital source coding similar to one of the systems suggested
in Report 953 for a near-instantaneous companded 15 kHz high quality monophonic sound channel. Error
protection is provided on the range code and error concealment on samples resulting in a total bit rate of
338 kbit/s. A channel coding in the family of 4-PSK with differential demodulation (e.g. DMSK, 2-4 PSK,
TFM...) was assumed with the following characteristics in mind: spectrum efficient coding, ruggedness against
channel non-linearity and demodulator simplicity for low cost implementation with minimum margin with respect
to the theoretical performance. The minimum level of signal quality (Q = 4) is found to be achievable at a bit
error ratio of 10~3 with a channel bandwidth equivalent to the bit rate and with a C/N of 9 dB including the
implementation margin (see Annex I of Report 632).

An alternative to 4-PSK which has similar spectral characteristics, but which may offer the possibility of
more economic receivers, is VSB/2-PSK [Pommier and Veillard, 1979].

In the case of simple digital modulation, the model has been based on
monophony. Stereophony would require a second channel or a doubling of the bit
rate but stereophonic reception would then be possible in the same reception
conditions as the monophonic reception. In addition, any digital system also has
a large flexibility to accommodate different types of facilities such as ‘the

number and quality of channels and data broadcasting.

Report 953 alsc describes a source coding method based on adaptive delta modulation which may allow
adequate audio quality to be obtained at a somewhat lower bit rate.

Current developments in digital sound and data systems indicate that they are now becoming economically
attractive to the mass consumer market and the inherent flexibility of signal options which may be readily built
into these systems may make them become more attractive than FM systems.

2.2.3 Advanced digital systems

Advanced digital systems can overcome the problems caused by obstruction
effects and the presence of multipath propagation which results from specular or
diffuse reflections. This occurs on roads in rural areas where the path passes
through foliage and in urban areas where there are numerous obstacles. When the
fading has Rayleigh distribution (see Annex II) and is frequency-selective, the
error rate of a simple digital system cannot fall below an acceptable limit, so
the resulting poor quality cannot be improved by increasing either the link
margin or the satellite power [CCIR, 1986-90a, b]. The effects of frequency
selectivity can be overcome through the use of symbol durations which are large
with respect to the dispersion of the echo delays, which limits the bit-rate per
carrier [CCIR, 1986-90b, c]. A powerful channel coding mechanism can then be
applied (convolutional code with Viterbi decoding), but it is necessary to
ensure the independence between successive symbols with respect to channel
fades. This is achieved by interleaving the symbols either in time or in
frequency (the total bit rate is thereby distributed between several carriers
spaced sufficiently far apart in frequency [Pommier and Yi Wu, 1986]. Temporal
interleaving is effective, however, only if the receiver is mounted in a vehicle
travelling above a certain speed. If the receiver is stationary, frequency
interleaving must be used or, alternatively, space diversity
reception [Miller, 1987], [CCIR, 1986-90d]. When frequency interleaving
is used, carriers modulated with other sound channels may be placed
between those carrying the parts of a given channel, using orthogonal frequency
division multiplexing (OFDM) [Alard and Lassalle, 1987]. Finally
certain proposals for advanced digital systems involve the use of a source
coding offering powerful bit-rate reduction (e.g., sub-band coding); with this
technique the bit-rate is barely 220 kbit/s for one high-quality stereophonic
programme. Further details on advanced digital systems are given in
Annexes III ard IV,



Rep. 955-2

23 Suitable frequency bands

Such a system is feasible in a frequency band in the vicinity of 1 GHz. The lower and upper frequency
limits are dictated by the following considerations:
— for the lower limit (around 500 MHz):
— the man-made noise increases proportionally with decreasing frequency;
— the diameter of the satellite transmit antenna increases proportionally with decreasing frequency;

— for the upper limit (around 2 GHz):

— the effective area of the receive antenna which is necessary for such a system diminishes with increasing

frequency: this entails an increase in satellite transmit power 1n proportion of the square of
the frequency. : '

All the examples of the present report assume a carrier frequency of
1 GHz. It is considered as non-economic to increase the satellite power by more
than 6 dB which, according to the law of the square of frequency, leads to a
maximum frequency of 2 GHz. In addition, however, the frequency also affects to
some extent the link margin needed for a given service quality. For instance,

178

experiments at 1 500 MHz {[Guilbeau, 1982] have suggested that the link margin in

“an urban area increases from 15 dB to 18 dB for 20° elevation, when considering
the case B defined in section 2.6.3.3

In Resolution 520, WARC ORB-88 extended the possible frequency range for
the broadcasting-satellite service (sound) to 3 GHz.

Table I shows a comparison of the satellite power required at 0.5, 1, 2 and
3 GHz, taking as a reference the link budget for the advanced digital system II,
code A at 1 GHz (see Table VI, §2.6.4.5). The link margins at 2 and 3 GHz are

based on a conservative extrapolation of the propagation data currently !

available for Europe. This data is subject to further experimental studies.

TABLE I - Comparison of the satellite power required at 0.5, 1, 2 and 3 GHz

Frequency (GHz) 0.5 1.0 2.0 3.0

Increase of power due to f2 law (dB) -6 0 6 9.5

Increase of link margin (dB) -2 0 3 5

Satellite antenna input power for one

stereophonic programme in a 1° beam (dBW) 4.9 12.9 21.9 27 .4
(W) 3.1 19.5 154.9 549.5

Total satellite antenna input power :

for 16 programmes W) 49.4 311.0 2478.0 8793.0

It is seen from Table I, which neglects some other secondary factors like
the coupling loss and the receiver noise temperature, that a system operating at
2 GHz requires a satellite power which is roughly 8 times higher than at 1 GHz;
at 3 GHz, the required power is roughly 30 times higher than at 1 GHz; at 0.5
GHz, the required power is however about 6.3 times lower than at 1 GHz.



176 Rep. 955-2

It should be noted that the same considerations as regards the effect of
frequency apply to other modulation schemes, such as conventional or companded
FM and simple digital modulation. Also, sharing difficulties may be exacerbated
at higher frequencies due to high link margins required.

2.4 Satellite transmitting antenna

Studies summarized in this report have consistently assumed a reflector
or similar physical aperture type transmitting antenna (as opposed to wire-type
antermas) with a 3 dB beamwidth of 1°. This suggests that technology studies of
physical aperture type antennas for 12 GHz satellite transmitting applications may,
upon extrapolation of the physical dimensions of the antemna to the new operating’
frequency, be applicable to the satellite sound broadcasting application in Band 9.
In particular, the satellite antenna diagrams used at WARC-77 are considered to

be feasible in Band 9 [CCIR, 1986-90€]. Further details are given
in Annex 1I.

2.5 Alternative satellite orbits

The link budget examples below are all derived assuming the use of a
geostationary satellite, where it can be seen that the link margin increases
substantially as the elevation angle decreases. Some preliminary studies
(J.H. Stott, 1985; FTZ, 1986; ESA, 1988) have been made on the possible use of
highly-elliptical orbit to alleviate this effect.

Examples of such orbits are those inclined at an angle of 63.43° with
periods of either 12 hours ("Molniya") or 24 hours ("Tundra") arranged such that
the satellite appears to be almost directly over the target coverage area for a
significant part of its orbit period. This has the advantage for medium to high
latitude countries of maintaining a high elevation angle at the receiver with
the result that both shadow-loss and multipath may be greatly reduced. In
addition, it is possible to take advantage of the constantly high elevation
value to increase the antenna gain of the mobile.

Consequently, satellite power requirements would be similarly reduced,
giving a considerable easement of both inter- and intra-service sharing
constraints. This would lead to more efficient spectrum planning with mixed use
of geostationary and non-geostationary satellite orbits as appropriate to the
coverage areas.

The major differences between geostationary and non-geostationary systems
are that the latter comprise either two ("Tundra" orbit) or three ("Molniya"
orbit) satellites in differently phased orbits which are required to provide 24
hour service. Additional factors, such as launch and orbiting spares
arrangements, Doppler correction and satellite hand-over strategies, variation
of coverage and radiation hardening, at least for "Molniya" orbits, to protect
the payload from damage on repeatedly passing through the Van Allen radiation
belts need to be considered. Further details are given in draft Report AD/8, but
further study is required to quantify the balance of advantages and
disadvantages and determine the relative economics of geostationary and non-
geostationary approaches for the BSS (sound).
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2.6 Link budget
2.6.1 Carrier-to-noise ratio

A value of C/N of 10 dB representing the FM threshold will give an audio frequency
signal-to-noise ratio, with the modulation parameters indicated, of about 40 dB (CCIR quasi peak), .
weighted, in the case of 50 ps pre-emphasis, or a slightly higher value for 75 ys pre-emphasis.

The C/ N objective for the digital system includes 1 dB equivalent additive noise from co-channel
interference and 0.5 dB from each one of the two adjacent channels. The noise performance for the digital
system is given in terms of subjective quality (4 = good).

For the advanced digital systems, the objective is defined in terms of
the Ep/N, ratio needed for a specified error-ratio, where Eb denotes the average

energy received for useful bits of information and N, the noise spectrgl power
density.

2.6.2 Receiving entennas

Receiving antennas for stationary, portable, and vehicular applications
are discussed in this section. ]

Stationary receiving antennas

In fixed locations such as houses, apartment buildings, and commercial
buildings it is feasible to provide a higher service quality by using fixed
outdoor antennas exhibiting a higher gain (e.g., about 15 dB) than might be used
on portable and vehicular receivers. A helix is an example of a suitable type
antenna.

Portable receiving antennas

The use of simple antermas such as a crossed-dipole, cavity-backed dipole,

and slotted dipoles exhibiting a gain in the range of 3 dBi to 5 dBi has generally
been assumed in the studies. ’ ‘

Vehicular receiving antermas

Vehicular receiving antermas play an important role in determining sharing
possibilities and system cost in satellite sound broadcasting systems. Simply
stated, the greater the vehicular receiving antemna gain, the lower the satellit:e.
per-channel e.i.r.p. Studies to date have generally assumed the vehicular receiving
anterma to have a gain on the order of 5 dBi. However, work is ct-xrrently under way
[Ball Aerospace, 1984, 1985; Cubic Corp. 1984, 1985] to develop c1rct'11ar]..y
polarized, steered array antennas with gains of the order of 6-12 c.lBl suitable for.:
use on automobiles, vans, and trucks. This work may have applicability to satellite
sound broadcasting systems for specific applications [ CCIR, 1986-90f 7.

Mechanically and electronically steered rooftop antermas have been
studied. They provide reasonable gains at mid to high latitudes, and suppress
ground reflections to minimize multipath fading. Medium gain (6-12 dBi) steerable
vehicular antemnas may be a viable alternative to low gain omnidirectional vehicular
antermas. The implied additional expense in using a steerable.antenna may be ?ffset
by lower e.i.r.p. from the satellite, by the erhanced possibility of sharing with
other services, and by improved orbit-spectrum utilization.
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2.6.3 Propagation aspects

The design, and as a consequence the cost of a satellite sound broadcasting system,
is strongly dependent on the factors affecting the propagation characteristics on the
space-to-Earth path to the vehicular receiver in particular, and generally to a lesser
extent to the portable receiver. The propagation path is subject to attenuation by
shadowing due to buildings, trees, and other foliage; and to multipath fading due to
diffuse scattering from the ground and nearby obstacles such as trees and buildings. The
degree of impairment to the received signal level depends on the operating frequency, the
elevation angle to the satellite, and the type of enviromment in which the receiver is
operating: whether it is an open, rural, wooded or mountainous, suburban or dense urban
enviromment.

2.6.3.1 Propagation models

For moderate satellite elevation angles, it is known (see Annex II)
that over large areas (of the order of several hundred wavelengths),
the mean value of the field strength follows a log-normal distribution. However,
within small areas (of the order of a few wavelengths), two distribution models may
be applied:

- Rayleigh distribution where there is no direct line-of-sight to the satellite;
or

- Rice distribution where there is direct line-of-sight to the satellite;
giving one component of constant amplitude.

Although the presence of waves with constant amplitude applies to a large
mmber of receiving locations, the Rayleigh model, which is the least.favourable,
cammot be ignored since it is applicable in many urban areas.

Results of recent measurements [Loo, 1985], [Jongejeans, et al, 1986] and
[Lutz et al, 1986] suggest that for the purpose of analyzing the performance of
advanced digital satellite sound broadcasting systems using forward error correction
coding, that the satellite-to-vehicular propagation path may be modeled as a
Rayleigh fading charmel with a mean excess path loss dependent on the type of
operating envirorment.

Four different propagation paths are considered:

- a portable receiver operating inside a house that is not shadowed by trees;

- a vehicle operating in a rural enviromment devoid of significant multipath
d
shadowing by foliage; = F -

© = a vehicle operating in a rural or suburban environment with some multipath
and shadowing by trees and foliage; and

- a vehicle operating in a dense urban environment with s;gnlflcant multipath
from nea.rby buildings, cars and other objects.
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In general, the UHF satellite propagation path is'characterized by shadowing and by
the presence of multiple reflected paths. The chamnel can be frequency selective or non-
selective depending on the relationship between the delay spread of the reflected waves
and the channel bandwidth. The values associated with the delay spread will be minimal in
rural areas, and will be progressively larger in suburban and urban areas. Measurements
made at 910 MHZ in a rural area on a simulated space-to-Earth path indicate that the delay
spread is predominantly less than 1 ps and is primarily due to reflection and scattering
from the trunks of trees [Bultitude, 1987].

Comparable results with somewhat larger delay spreads may be anticipated for the
space-to-Earth paths in an urban environment. The multipath propagation
characteristics of the satellite channel are usually described in terms of the
multipath delay spread and correlation bandwidth. The delay spread T, is a
measure of the duration of an average power delay profile of the channel. The
correlation bandwidth B, is the bandwidth at which the correlation coefficient
between two spectral components of the transmitted signal takes a certain value,
say 90%. The empirical relationship between the correlation bandwidth at 90%
correlation and the delay spread is given in section 4 of Annex II.

Considering a simple digital modulation system operating in a frequency selective
channel, the error performance is dependent upon the spread of delays introduced by the
different paths, as well as by the amplitude of the component signals. Assuming that each
wave is affected by a multiplicative Rayleigh process [Pommier and Wu, 1986], with an
exponential distribution of delays of standard deviation, T,, a level of intersymbol
interference will be introduced which depends upon the delay-spread to the symbol-period
ratio, Ty (i.e., the ratio, To/T, where T is the duration of the modulation symbol).

2.6.3.2 Mitigation techniques

The use of diversity techniques on the vehicular receiver can
significantly improve the performance of the receiver when operating in a
heavily shadowed, Rayleigh fading environment. There are three primary diversity
techniques: 1) frequency diversity, 2) time diversity and 3) spatial diversity
[Proakis, 1983]. Each of these techniques may be used with systems employing
digital modulation methods. However, for systems employing frequency modulation,
spatial diversity is the most practical fading mitigation technique [Miller,
1988]. These diversity methods are briefly described below.

2.6.3.2.1 Frequency diversity

Frequency diversity uses a number of carriers spaced in frequency by an
amount that equals or exceeds the correlation bandwidth of the channel. Spectrum
efficiency is retained by frequency interleaving a number of separate programme
channels to completely fill the frequency band. Spectrum occupancy can be
maximized by the use of overlapping orthogonal carriers. Independent fading of
the carriers requires that the delay spread of the channel exceed some minimum
value. For a channel characterized by an exponential distribution of the delay
(typical of a terrestrial path), the mean value of the delay spread must
typically be greater than the reciprocal of the programme carrier spacing. In
the case of the system described in Annex IV, however, the condition that
applied is simply that the total channel bandwidth has to be at least twice the
reciprocal of the mean value of the channel delay spread. When this condition is
met (independent, frequency selective, Rayleigh fading), a reduction in the link
margin of up to 36 dB is possible for a digital system under ideal conditionms.
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Because of this dependence on delay spread, frequency diversity is most suitable
for use in heavily shadowed urban areas where the mean delay spread will be the
greatest and independent fading (selective fading) of adjacent carriers may be
assured. In rural environments, the delay spread is sometimes too small to
provide a narrow enough correlation bandwidth, then the fading on the channel
will tend towards flat fading and the actual coding gain will be less than
expected. If such a situation occurs, an efficient mitigation technique is
either the combination of frequency and time diversity or the use of space
diversity. A system based on the use of frequency and time diversity is
described in Annex IV.

2.6.3.2.2 Time diversity

Time diversity is a technique that is most suitable for use with
digital transmission methods. It requires an orderly scrambling of the data
symbols prior to transmission and the restoration of the order at the output of
the receiver. The introduction of the orderly scrambling and descrambling
transforms a burst of errors that occurs during a deep fade into random errors.
The use of time diversity combined with forward error correction coding will
restore the performance of forward error correction codes by transforming the
burst error channel caused by shadowing and Rayleigh fading into a random error
channel. 1Ideally, a reduction in the link margin of up to 36 dB is possible.

The principal disadvantages of time diversity are: the need for all
receivers to incorporate the descrambling circuitry (primarily memory chips);
poor performance at vehicle speeds lower than the system design, and practical
signal processing considerations which limit application to digital modulation
methods. Annex III describes the design and performance of a system based on the
use of time diversity.

2.6.3.2.3 Spatial diversity

Spatial diversity is based on the use of multiple receiving antennas
which are spaced sufficiently far apart so that the received signals fade
independently. The independently fading signals at the output of each antenna
are then combined to form an output signal whose fading depth is significantly
less than the fading depth of the individual signals. One combining method is
maximum-ratio combining. One implementation of this method uses M phase-locked
loops to bring the signals at the output of M antennas into phase coherence. The
signals are then amplitude weighted and summed to form a composite signal. Quad-
diversity with maximal-ratio combining in a Rayleigh fading environment will
permit a 36 dB reduction in the link margin for a digital system under ideal
conditions.

For an analogue FM system, a 26 dB reduction in the depth of a fade
at the 0.001 probability value may be achieved with quad-diversity and maximal-
ratio combining [Miller, 1988]. The advantages of spatial diversity are:
applicable to both analogue FM and digital systems, and, it does not impose
complexity on all receivers, only on those (vehicular receivers) which need the
added performance afforded by the use of spatial diversity. The disadvantage of
spatial diversity is the need for multiple antennas on the vehicle associated
with a set of several interdependent phase locked loops. Additional studies are
needed to fully evaluate the effectiveness of spatial diversity when applied to
FM and digital systems particularly in urban environments.
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2.6.3.3 Link margins

Several values of link margin have been assumed in the following table.
These are estimates of the allowances required in the various cases listed below.
Further discussion of this problem is given in Annex II.

Case A: In this case a margin of 6 dB is used. This should give a C/N of at least 10 dB for 90% of
receiving points in a rural area, and for an angle of elevation of the satellite exceeding 70°, corresponding
to a service in low-latitude areas. Mobile reception on roads in these circumstances should be satisfactory,
i.e. above threshold, except when close to tall obstructions that would be obvious to the listener.

Case B: The 15 dB margin covers the case of Annex I, namely reception in an urban area, for 20° angle
of elevation of the satellite (high-latitude country) and to a service quality corresponding to a
C/N > 10 dB at 90% of sites [Guilbeau, 1979].

Case C: The 25 dB margin covers the case of reception in urban areas where 90% of areas are served in’
such a way that 90% of receiving points within the area receive a C/N of at least 10 dB. (See § 3.1 of
Annex IV)

Case D: As for Case C but with 95% of areas having 90% of points with a C/N value at least 10 dB. (See
Annex II.)

Case E: This case applies to the advanced digital system for vehicular receivers
operating in a slightly shadowed rural area. The channel is conservatively
modelled as a Rayleigh fading channel with a mean excess path loss of 0 dB.

Case F: This case also applies to the advanced digital systems for vehicular
receivers operating in a heavily shadowed rural area or even in a dense urban
area where channel frequency selectivity must be taken into account. The channel
is modelled as a Rayleigh fading channel with mean excess path loss of 10 dB.

For advanced digital systems, case F is directly comparable with
Case B for analogue systems; the link margin is reduced by 5 dB because the _
advanced digital systems eliminate the effect of Rayleigh fading and thus only

the factor (10 dB) representing the log-normal distribution of the field-strength

over large aeras needs to be included (see Annex II).

Case G: This case applies to the operation of a portable receiver inside a
single storey house. The channel is modelled as an additive white Gaussian noise
(AWGN) channel with a mean excess path loss of 12 dB. : )

2.6.4 Link budgets for various systems

The link budgets for the various types of systems studied are given
below.

2.6.4.1 FM systems

Table IT shows the link budgets for the two FM system examples with the
various link margin cases A, B, C and D as defined in section 2.6.3.3. The C/N
values indicated are those required for an audio S/N of 40 dB (weighted,
monophonic reception) and assume the use of a phase-locked-loop demodulator.
(For a conventional demodulator a C/N value of about 10 dB would be necessary
because of threshold effects). For a given standard of service the p.f.d
required is less for companded FM with 10 kHz audio bandwidth than for
conventional FM with 15 kHz bandwidth. For example, for link margin case "A",
the p.f.d. values are -123.4 dB(W/mz) and -114.1 dB(W/mz), respectively.
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TABLE IT - Link budget at 1 GHz for FM systems

Polarization Circular

Type of modulation M companded M conventional
Reception mode Monophonic Monophonic(l)
Audio bandwidth kHz 10 15

Carrier deviation kHz 26.5 75

Noise bandwidth kHz 73 (= 48.6 dBHz) 180 (= 52.6 dBHz)
Required (C/N) dB 4.0 9.3

total

Subjective sound 3 3
impairment grade (3)

Degradation due to dB 0.4 0.4
up-1link C/N .

Required down-link C/N dB 4.4 9.7
Implementation margin dB 1 . 1

Receive antenna gain dBi 5 5

Coupling loss ] dB 1 1

Receiver noise K 600 (= 27.8 dBK) 600 (= 27.8 dBK)
temperature

Area of isotropic dBm? -21.4 -21.4

antenna at 1 GHz

Link margin case A B (o] D A B C D
Link margin dB 6 - 15 25 33 6 15 25 33
Line-of-sight dB(W/m2) -123.4 -114.4 -104.4 -96.4 -114.1 -105.1 -95.1 -87.1
PFD at edge

of beam (-3 dB)

Equivalent field 22.4 31.4 41.4 494 31,7 40.7 50.7 58.7

strength at edge
of beam (dB(uV/m))

Spreading loss dBm? 162.4 162.9 162.9 162.9 162.4 162.9 162.9 162.9
E.i.r.p. on axis dBw 42 51.5 -61.5 69.5 51.3 60.8 70.8 78.8
Transmitter power dBW -1.9 7.6 17.6 25.6 7.4 16.9 26.9 34.9

for 1° beamwidth

(1) - Stereophonic reception is possible for fixed receiver with higher gain antenna.

(2) - The use of a phase-locked loop demodulator is assumed. This C/N is required for
40 dB audio S/N. It exceeds the PLL threshold.

(3) - See Recommendation 562.
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2.6.4.2 FM system using space diversity on the vehicle

Table IV shows a link budget for a vehicular receiver using quad-
spatial diversity and maximal ratio combining to receive an analogue FM channel
[Miller, 1988]. The receiving environments correspond to those described as
Case E (slightly shadowed rural area with Rayleigh fading and a mean excess path
loss of 0 dB) and Case F (heavily shadowed rural area with Rayleigh fading and a
mean excess path loss of 10 dB). It is noted that fixed and portable receivers
do not require multiple antennas and signal combining circuitry in order to
receive the analogue FM sound programme channel.

2.6.4.3 Simple digital systems

The example described in this section (see Table IV) is based on a source bit rate of
338 kbit/s per monophonic chamnel which can be obtained by near-instananeous

companding [CCIR, 1982-86a] or by adaptive delta modulation.

A great number of modulation schemes exist,; Most of those which can be
detected with reasonably simple receiver circuitry have generally similar power
requirements; they differ slightly in such areas as spectral characteristics,
sensitivity to chammel distortions (such as arise in the satellite high-power
amplifier), and ease of demodulation. The example uses VSB 2-PSK.

The performance of these simple digital systems will be affected by the
channel frequency selectivity. However, the link budget of this example refers to

the best propagation case where no frequency selectivity occurs in the transmission
channel.

2.6.4.4 Advanced digital system I (see also Annex III)

‘The advanced digital system example described in this section is based
on a ‘combination of technologies in various stages of development tbat should
reach a suitable stage of development for satellite sound broadcasting for
individual reception by portable and automobile receivers in or before 1990
[CCIR, 1986-90d]). The key features of this system are:

- the use of a low-cost adaptive delta modulation (ADM) sound encoding tec@nique
which has already been reduced to practice for high quality consumer audio
applications [Dolby, 1985; Signetics, 1985];

- the use of convolutional coding (R = 1/2; K = 7) and Viterbi maximum
likelihood decoding for forward error correction (FEC); and

- interleaving/de-interleaving as an effective means to mitigate the seri?us
effects of rapid fading on the satellite-to-vehicular receiver propagation
path;

- the use of spatial diversity reception on a vehicle to provide service
continuity when the vehicle is stationary.
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TABLE III
Link budget for an analogue FM satellite sound broadcasting
system/s sexrving a vehicular receiver usin uad-spatial
diversity and maximal ratio combining
Polarization Circular
Type of modulation FM companded M conventional
Reception mode Monophonic Monophonic(l)
Audio bandwidth kHz 10 15
Carrier deviation kHz 26.5 75
Noise bandwidth kHz 73 (= 48.6 dBHz) 250 (= 54 dBHz)
Required (C/N) dB 4.0 10.0
total
Subjective sound 3 3

impairment grade (3)

Degradation due to dB 0.4 | 0.4
up-1link C/N :

Required down-link C/N dB 4.4 10.4
Implementation margin dB 1 1

Receive antenna gain dBi 5 5

Coupling loss ‘ dB 1 1

Receiver noise K 600 (= 27.8 dBK) 600 (= 27.8 dBK)
temperature

Area of isotropic dBn? -21.4 -21.4

antenna at 1 GHz

Link ‘margin case E F E F
Link margin dB 3.5 13.5 3.5 13.5
Line-of-sight dB(W/m?)  -125.9 -115.9 -114.5 -104.5
PFD at edge

of beam (-3 dB)

Equivalent field

strength at edge .
of beam (dB(uV/m)) 19.9 29.9 31.3 41.3
Spreading loss dBm? 163.0 163.0 163.0 163.0
E.i.r.p. on axis  dBW 40.1 50.1 51.5 61.5
Transmitter power dBW . 0.4 4.2 5.8 57.5

for 1° beamwidth

(1) - Stereophonic reception is possible for fixed receiver with higher gain antenna.

(2) - The use of a phase-locked loop demodulator is assumed. This C/N is required for
40 dB audio S/N. It exceeds the PLL threshold.

(3) - See Recommendation 562.
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TABLE IV - Link budget at 1 GHz for a simple digital system

Polarization ' Circular
Type of modulation VSB 2-PSK
Reception mode | Monophonic(1)
Error protection Concealment
Total bit rate (kbit/s) 364

Required Ep/No (for 8.4

10-%4 bit-error ratio) (dB)

Subjective sound impairment grade(z) ‘ L
Requireci C/N, total (dBHz) 64
Degradation due to up- 0.4

link (dB)

Required down-link C/N, (dBHz) 64.4
Implementation margin (dB) | 1
Interference allowance (dB) 2

Receive antenna gain (dBi) 5

Coupling loss (dB) ) 1

Receiver noise temperatﬁre (K) 600 (= 27.8 dBK) -
Area of isotropic -21.4

antenna at 1 GHz (dB(m?))

Link margin case A B c D
Link margin (dB) 6 15 25 33
Line-of-sight PFD at -110 -101 -91 -83
edge of beam (-3 dB) (dB(W/m2))

Equivalent field 35.8 44.8 54.8 62.8
strength (dB(s V/m))

Spreading loss (dB(m2)) - 162.4 162.9 162.9 162.9
E.i.r.p. on axis (dBW) 55.4 64.9 74.9 82.9
Transmitter power for 11.5 21 31 39
1° beam (dBW)

(1) - Stereophonic mode requires doubling the total bit-rate. Consequently,
the transmitter power would also be doubled. :

(2) - See Recommendation 562
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Link budgets for three link margin cases are given:

- a vehicular receiver operating in a heavily foliaged rural environment
(10 dB excess path loss) (case F);

- a vehicular receiver operating in a lightly foliaged rural environment
(0 dB excess path loss) (case E); and

- a portable receiver operating inside a house (12 dB excess path loss)
(case G).

As discussed in section 2.6.3.3 and provided that the correlation
bandwidth is small in comparison to the bandwidth of the transmitted signal,

the first case 1s also comparable to a vehicular receiver operating in an urban
environment with an excess path loss of 10 dB.

Values given in Table v  for power flux—density and spectral power
flux-density are some 10 to 20 dB less than for conventional FM or simple digital
systems operating in a similar environment. Note that comparable performance is
available to the vehicular receiver solely by the use of quad-spatial diversity
and maximal ratio combining. Relying on the use of space diversity in the
vehicular receiver instead of time diversity permits the design and manufacture
of fixed and portable receivers that are simpler and that should cost less.

2.6.4.5 Advanced digital system II (see also Annex IV)

Advanced digital system II is specifically designed to overcome the
frequency selectivity of the channel, so it is well suited for vehicular
reception in urban environments [CCIR, 1986-90b, c]. It is based on:

— efficient source sound encoding with substantial bit-rate reduction;

— convolutional channel coding with Viterbi decoding;

— frequency and time interleaving in order to overcome selective fading
effects;

- coded orthogonal frequency division multiplexing (COFDM);
— the use of a guard interval between two successive symbols.
Basic assumptions

- source bit rate per stereophonic sound programme: 168 kbit/s (system example
A), 224 kbit/s (system example B); ‘

— modulation: 4-PSK with differential detection;

— channel coding: frequency interleaving and convolutional code of rate 1/2
constraint length 7 and free distance 10;

— typical delay spread: 2 us which is representative of dense urban environments
in Europe.
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Depending on the source rate (A or B) and with a total of 256 carriers,
there are respectively 16 and 12 stereophonic programmes available in a

4 MHZ band.

The link budget for Case F with a link margin of 10 dB is given in

Table V.

TABLE V - Link budget examples for an advanced digital satellite sound

broadcasting system I operating in Band 9

System parameter

Type of modulation

Reception mode

Bit rate (kbit/s)

Symbol rate (ksp/s)

Required RF bandwidth (kHz)

Received S/N (dB)

Subjective sound impairment grade (2)
Received bit-error ratio

Audio bandwidth (kHz)

Carrier frequency (MHz)

Link margin case

Receiver anterma gain (dBi)
Coupling loss (dB)
Receiver system noise temp. (K)
Required E,/N, (dB)
Implementation margin (dB)
Mean excess path loss (dB)
Line-of-sight PFD at beam edge
(dB(W/m2))
Equivalent field strength at beam
edge (dB(4V/m)
Maximum beam-centre PFD per
4 Kz (dB(W/(m2-4 KHz)))
Maximm spreading loss (p, = 17°)
(dB/m?) '
E.i.r.p. on-axis (dB(W))

Satellite antemma gain
(D=20 m) for 1° beamwidth (dBi)

Antenna input power (dB(W))
Antenna input power (W)

F

Heavy
foliage

10
-111.8

34.0

-125.9

10.3
10.7

Value
QPSK
monophonic (1)
204
408
400
58

L.s
10-5
15
1000
E
Automobile
Light
foliage
5.0
1.0
600
7.4
1.0
0
-121.8
24.0
-135.9
163.0
44,2
43.9
0.3
1.1

-127.5
163.0

52.6

43.9

~ O
FS

(1) - Stereophonic mode requires doubling the bit rate. Consequently the
symbol rate, required RF bandwidth and antenna input power would also bé

doubled.

{2) - See Recommendation 562
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TABLE VI

Link budget for the advanced digital system II (1 GHz)

System example System example
A : B
(16 progr./4 MHz) (12 progr./4 Mhz)

Pcdlarization ' Circular Circular
Error protection FEC (1/2) FEC (1/2)
Total bit rate per stereophonic sound

programme (kbit/s) -3 - 336 448
Required E /N for 10 - BER (dB) 8.5 . 8.5
Subjective sotind impairment (1) 4.5 4.5
Required C/N total per stereophonic

channel (dBHZ)* 60.8 62
Degradation due to up-link C/N (dBHz) * 0.4 _ 0.4

" Required down link C/N_ (dBHz)%® : 61.2 62.4
Implementation margin UdB) ** 2 2
Interference allowance (dB) 1 1
Receive antenna gain (dBi) 5 5
Coupling loss (dB) 1 1
Receiver noise temperature (K) ‘ 600 600

(=27.8 dB/K) (=27.8 dB/K)

Sdtellite antenna gain for 1° beamwidth (dBi) 43.9 43,9
Standard of service (see § 6.4.2) F F
Link margin (dB) 10 10
Line-of-sight PFD at beam edge (-3 dB) -109.2 ~-108
(dB<W/m?>) *

Equivalent field strength at beam edge 36.6 37.8
(dBuV/m)*

.Line-of-sight PFD at beam centre per 4 kHz for

the full sound multiplex (dBW/<m?® 4 kHz>) -123.6 -123.6
Spreading loss (dB/m2?) (& = 17°) 163 163
Eii.r.p. on axis (dBW)* 56.8 58
Antenna input power for a 1° beam (dBW)* (2) 12.9 14.1
Antenna input power for a 1° beam (W)* 19.5 - 25.7

* These figures describe the power, etc. requiremen
programme.

*% "This value includes a 1 dB allowance for the use
i(see Annex IV).

(1) :See Recommendation 562

(2) These link budgets have been calculated on the b
antenna to satisfy given link quality criteria.
will arise for the complex modulation system use
‘final output amplifier will have to operate unde
;studies continue, it is currently expected that
‘backoff value will be between 4 and 5 dB.

ts per stereophonic

of a 207 guard interval

asis of input power to the
Given the distortion that
d, it is probable that the
r backoff. Whilst future
the necessary output
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7  Sharing considerations

The frequency band selected for the sound broadcasting satellite service will affect

inter-service sharing. The sharing possibilities are dependent upon the permissible level

of

interference into existing services and susceptibility of the newly proposed service to

interference from the existing services. Assuming a fixed receiving antenna gain for near
omni-directional reception, the required level of p.f.d. for acceptable reception quality
will increase with an increase in frequency and conversely will decrease with a decrease

in

frequency.

The Table of Frequency allocations for bands within, and also outside

but near the range 500 MHz - 2 000 MHz provides for numerous radiocommunication
services, including broadcasting, fixed and mobile services, as well as aeronautical,
radionavigation and radiclocation services., Sharing criteria were, however, found
to be only available at this time for the broadcasting, fixed and mobile services
in certain bands.

2.

)

*®
3
*
>

7.1 Application of system models to sharing

Section 2.6 describes several systems which represent a wide range of
possible cases which can be applied to different receiving situations in rural and
urban areas and at high or low latitudes. From these, four system models have been
selected which are believed to represent the most likely applications. Table VII
contains the parameters of these four system models which are relevant to sharing
considerations. Table VII is based on operation at 1 GHz for all systems.

TABLE VII - System model parameters relevant to sharing

System Conventional Companded Digital . Advanced

™ ™ . Digital(l)

Class of service A(2) A(2) a(2) F(3)

Link margin 6 dB 6 dB 6 dB 10 aB(4)

PFD at the centre of -111.1 -120.4 -107 -109

the coverage area(3)

(dBW/m2)

PFD/4 kHz at the centre -111.1(6)  -120.4(6) -123.6 -126

of the coverage areal(
(dB(W/(n? -41diz)))

Two different advanced digital systems with almost equal sharing parameters are
represented in this column

Intended for reception in rural areas at low latitude

Intended for reception in dense urban areas at high latitude

Equivalent to 15 dB for the other systems

The PFD increases with the square of the operating frequency. (3.5 dB higher value
required at 1.5 GHz; 6 dB lower value at 500 MHz)

No energy dispersal was assumed in these cases.
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2.7.2 Energy dispersal

Energy dispersal may be desirable to facilitate sharing between the
broadcasting-satellite service (sound) and the terrestrial services. There are two
forms of energy dispersal. The first is natural energy dispersal associated with
the characteristics of the information (sound programme) and the modulation method;
and the second is artificial energy dispersal applied to the transmitted signal to
spread the power flux density over a larger bandwidth and thus decrease the
spectral power flux density.

Natural energy dispersal associated with the analogue FM transmission
method for satellite sound broadcasting is virtually nil because of the pauses in
speech and programme transition times. During these pauses, the carrier is radiated
at full power at its rest frequency. Natural energy dispersal associated with
transmitter oscillator instability is expected to be negligible for satellite sound
broadcasting systems operating in Band 9. Artificial energy dispersal may however
be used with analogue FM transmission systems for improved sharing with narrow-band
services. The method described in Report 384-4 for use in multi-channel FDM/FM
telephony transmission systems can be applied to satellite sound broadcasting
systems.

Natural energy dispersal associated with digital satellite sound
broadcasting systems can be substantial. The advanced systems specified in this
chapter can provide energy dispersal gain in the range from 17 to 19 dB in a
reference bandwidth of 4 kHz compared to an unmodulated carrier. The realization of
this degree of energy dispersal requires that the modulating digital sequence
approaches a truly random sequence of 1’s and 0's. Details about the corresponding
procedure can be found in Armex III to Report 384-4.

In order to achieve a similar energy dispersal gain with the M system
(17 dB), a peak-to-peak deviation of 200 kHz would be required. However, the use of
such artificial energy dispersal could require modifications of conventional
receivers.

2.7.3 Overview of sharing situations

To provide a comprehensive picture of sharing situations, the services
which have an allocation in the UHF bands are considered in Table VI. The table
lists the services, by frequency band, and indicates the corresponding
constraints which are either laid down in the Radio Regulations or studied in
CCIR texts, with cross references to the more specific sharing criteria
contained in Table VII. These tables are provided as a means to understand the
overall sharing situation in the frequency range 0.5 - 3 GHz as it may relate to
BSS (sound) and they may not contain all the sharing aspects indicated in
Article 8 of the Radio Regulations.

2.7.4  Analysis of specific sharing situations
2.7.4.1 Sharing with the terrestrial television broadcasting service

To protect the terrestrial broadcasting service operating in the UHF band from
interference caused by a sound broadcasting satellite service, it is essential to
determine the permissible power flux-density generated by the satellite in the
service area of the terrestrial television broadcasting station. Sharing will be
facilitated with systems producing the lowest power flux-density, whether energy
dispersal is used or not.
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TABLE VIII ‘
(Source: Table 6-X in the CCIR Report to WARC. ORB-88)

pfd limits by frequency bands

(For full information on sharing conditions see Article 8 6f Radio Regulations)

Incerfered Strictest-limit Cases.
Band. (MH=z) sarvices with Notes (for. elevation refarred to
specified. limits* angle = 0) Table VII
Broadcasting -129 dB(W/m?) A RR: Ree. 705
-136 dB(W/m?) G CCIR Rep. 631
470 - 890 . (%)
Radioascronomy -185 dB(W/m?) I CCIRIRep. 224
(608-614) in 6.MHz
890 - 960 Fixed -146 ’
Mobile dB(W/(m?-16 khz)) | H CCIR Rep. 631 |
960 - 1 213 (3) !
i
11213 - 1260 &) S
i | i
| 1260 - 1300 ) |
11300 - 1230 (3) !
: | ;
i1 330 - 1 4C0 l e i
; : i i
Lo(L) -180 dB(W/m2) I CCIR.Rep. 224 |
i L 400 - 1 427 Radioastronomy- in 27_Mi= ' '
(1) - 80.dB(W/m?) J CCIR:Rep. 697
typically
1427 - 13258 €))
i (7
4: i
‘!
1525 - 1530 Fixed () -154 dB(W/m?) C RR: Arcicle 28
Mobile in 4 kEz Section IV
]
| | t
{
{13530 - 1333 (3)
5 L5
! i
é |
[, eas e img =
| L 333 - 1525.3 (3
s .
i | R
{ 1625.5 - 1 660.5 | Radioasctronomy S -194 dB(W/m*)

{1 660.5 - 1 360.5)

in 20 kHz

I CCIR Rep. 224

According

to currant:.Radio Reguisztions and CCIR Reports or Recommendatiens
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TABLE VIII(continued)
(Source: Table 6-X (continued) in the CCIR Report to WARC ORB-88,
except the last two rows)

Incerfared Stricczast_limis Cases
3and .. (M) services. with Notes (for.elevacion rafarred oo
specified.liznizs* .angie = Q) Table VII
: -194 gb(W/m?) I CCIR Rep. 224
(%) in 20.k#z
1 650.5 - 1 670 Radisascronomy” ,
(L - 80 43(W/=~) J 'CCIR Rep. 537
Tyoically
1670 - 1 700 Meracrological aids| (5) -133 d8(W/m?) B RR: Arcicia 28
in 1.5 M= _ Seczion IV
1 700 - 1710 Fixed (%) -134 dB(W/mz) C RR: Arziclia 28
Mobile. in 4 k8= _ Seczion. IV
1714 - 2 290 (3
2 290 - 2 200 Fixed (s) -134 dB(W/mZ) C RB:. arxticia It
Mopilis in & kdz Sezzion IV
2 368 - I 423 )
2 4E3.3 - 2 300 Fized (6) -154 dB(W/::) C 2R. Arvicls 28
Mopila in & Xz MCD 2523, 2239
Z sCC - 2 533 Fixed 2) -152 dB(W/m3) E RR: Arzicla 23
Mobils in 4 k= Secciecn IV
2 855 - 2 530 Tixed 2) -152 d3(W/m?) E.RR: Arzicle 28
Mobila in 4 kilz Seczion IV
2690 - 2 700 Radioastronomy (&) -177 dB(W/m2) I CCIR Rep. 2Ii
in 10 MHz
(L -76 dB(W/m2)
tvpical value J CCIR Rep. £87
2 700 - 3 100 (3)

* According

to current Radio Regulations and CCIR Reports or Recommendations.




Rep. 955-2

Notes to Table VIII
(Source: Table 6-X in the CCIR Report to WARC ORB-88)

(L This limit applies to services whose intermodulation products can
arise in a band where the radioastronomy service has an :
allocation.

(2) The BSS in the band 2 500 - 2 690 MHz is limited to national and
regional systems for community reception (see No. 761 of the
Radio Regulations). Furthermore, in some countries this is an
alternative allocation and the BSS consequently has no allocation
in this band. Services in the band 2 655 - 2 690 MHz are obliged
to take all practicable steps to protect the radioastronomy
service in the band 2 690 - 2 700 MHz.

(3) No limit specified.

4) Table I or Table II of CCIR Report 224. To enable radioastronomy
observations to be carried out at 5° from the geostationary :
orbit, levels 15 dB lower are required (see § 4.3 of CCIR Report
224 and CCIR Recommendation 611); e.g. for the band
470 - 890 MHz the level would be -200 dB(W/mz).

(5) In the case of tropospheric scatter systems, refer to Article 28,
in particular No. 2560, of the Radio Regulations.

(6) This limit was adopted by WARC MOB-87 in the band 2 483.5 - 2 500
MHz (see Radio Regulations, Article 28, MOD 2558, 2559).

(7) CCIR Report 941 considers sharing between the broadcasting-
satellite service (sound) and the fixed service in this band.

CCIR Report 955-1 considers sharing between these two services in
the band 0.5 - 2 GHz. :

(8) The limits of RR Article 28, Section IV, apply up to 1 January
1990. v

In Report 631-3, the EBU has suggested a minimm field strength of
65 dB (uV/m), and the USA suggested 56 dB (uV/m). Furthermore, the EBU considered
that a corresponding protection ratio of 54 dB be employed and the USA suggested
35 dB to protect terrestrial TV broadcasting from the BSS (TV-PM). (Indications are
however that the 54 dB protection ratio could be pessimistic in the case of
digitally modulated carriers.)

This results in a range of permissible power flux-density for the
satellite sound broadcasting service ranging from -132 dB(W/m?) to -122 dB(W/mz)
(aggregate per television chammel) based on the range of minimm field-strength
values to be protected as seen above and assuming a 3 dB reduction in interference
from the use of circular polarization.

65 dB (uV/m) - 146 dB(W/uVm) - 54 dB + 3 dB = -132 dB(W/m?)
56 dB (uV/m) - 146 dB(W/uVm) - 35 dB + 3 dB = -122 dB(W/m2)

Furthermore, No. 693 of the Radio Regulations provide a PFD of
-129 dn(wym2) for use by the BSS (TV-FM) in the band 620-790 MHz.

193
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TABLE IX .
(Source: Table 6-XI in the CCIR Report to WARC ORB-88)
Specific sharing criteria
References Interfering Services subject Bands _ PFD limits
services to interference (MHz) (% = elevation angle)
-129 for 0° << 200
Broadcasting Terrestrial 620~790 -129+0.4 (5 - 20) for 20° <§< 60°
A| RR: Rec. 705 satellite broadcasting -113 for 60° < &< 90°
aB(W/m?)
on a provisional basis
RR: Article 28 Earth exploration
B | Section IV satellite 1 670-1 700 -133 dB(W/mz) in any
Meteorological Meteorological 1.5 MHz band i
! satellite aids ‘
d
RR: Article 28 Meteorological Fixed 1 525-1 530
Section IV satellite for Regions 1 and 3 -154 for 0° <8< 59
Space research Mobile 1 530-1 535 -154+0.5 (b -5) for 59 <a< 259
o] for Regions 1 ard 3
Space operation 1 670-1 690 -144 for 25° << 90°
1 690-1 700 dB(W/m?) in any
1 700-1 710 4 kHz pand
2 290-2 300
Radiodetermination- 2 483.5-2 500 -154 dB(W/m2)
satellite in 4 xHz
RR: Article 28 The same-as in Fixed using The same as in -168 dB(W/m2) in any 4 kHz band at the
D | Section IV case C tropospheric case C receiver input of the station of the
2560 scatter fixed service
RR: Article 28 Broadcasting Fixed -152 for 0° <i< s°
E Section IV satellite 2 500-2 690 -152+0.75 (6~ 5) for 5° << 25°
Fixed Mobile -137 for 259 <8< 90°
satellite dB(W/m?) in any
4 KHz band
. Fixed -152 far 0° <a< s°
CCIR: Fixed (line-of-sight) 2 500-2 690 -152+0.75 (8- 5) for 5O <s< 259
F| Rec. 358-3 satellite Mobile -137 for 252 <5< 90°
(line-of-sight) dB(W/m?) in any
4 kHz bard
- |
) Proposals for the provisional limits
G | CCIR Report 631-3| Broadcasting- Terrestrial 620-790 given in RR Rec.705 (case A) ' !
satellite broadcasting :
-129 becomes -136 (ERU) !
‘ -125 (USA)
~124 (USSR)
. . High quality:
H | COCIR Report 631-3 Broadcasting- Mobile service arcund 800 -133 dB(W/(mZ - 16 kHz)):; mobile station.
satellite . (under same -146 dB(W/(m? - 16 kHz)); base station !
hypotheses) Medium quality: -
-127 dB(W/(m? - 40 kiz)); mobile station.
~134 dB(W/(m® - 40 kHz)); base station
For continuum:
i ) 408 -189 dB(W/m?) in 3.9 MHz
I { CCIR Report 224-5 Radicastronany 610 -185 dB(W/m?) in 6.0 MHz
i 1 420 -180 dB(W/m2) in 27 Miz
i For spectrun lines:
| 1 420 -196 dB(W/m2) in 20 kHz
| 1 665 -194 dB(W/m<) in 20 kiHz
_ Intermodulaticn of |Radiocastronamy 1 400-1 427 -80 dB(W/m2) (1) :
J I CCIR Report 697-2 | out-of-pand signals 1 660-1 670

(1) This'limit appligs to services whose intermodulation products can arise in a band where radioastronomy
service has an allocation."
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Assuming an operational condition whereby each service area would be
covered by 4 sound chamnels, all within the same television channel, and a receiving
location at the edge of two adjacent service areas (where the signal is reduced by
3 dB), where reception from two satellite systems would be possible, the aggregate
effect would correspond to a 6 dB increase in received unwanted PFD.

Considering the required p.f.d. for the system models mentioned in § 2.7.1
and comparing it to the permissible p.f.d. limits set above for single entry and
aggregate cases, values for the required additional isolation for the non-
constrained operation of the two services can be found. These values are given in
Table X for the four system models. Such additional isolation can only be
provided through both the discrimination from the satellite transmitting antenna on
the basis of geographical sharing, as will be covered in § 2.7.5, and through the
discrimination of the television receiving anterma towards the satellite.

In the case of the discrimination from the television receiving anterma
towards the satellite, the elevation angle dependency, as implied in RR Rec. 705,
will be assumed in this Report. We note, however, that in RR 693, no restriction
is given above 20°,

PFD (dB(W/m?)) for § < 20°
PFD + 0.4 (§ - 20) (dB(W/m?)) for 20° < § < 60°
PFD + 16 (dB(W/m?)) for 60° < § < 90°
TABLE X - Additional isolation required to allow sharing between the sound BSS

and the terrestrial broadcasting service

System PFD at centre of Required isolation
coverage area (minimum/maximum)
(dB(W/m?)) (dB)
Conventional FM -111.1 16.9/26.9
Companded FM -120.4 7.6/17.6
Digital -107 21/31
Advanced digital -109 ) 19/29

Receiving installations located at low latitudes can be able to take
fullest advantage of this discrimination from the receiving antemna. Some advantage
can be available at higher latitudes.

: Upon more detailed consideration of the protection ratios for narrow-band
carriers interfering into the television broadcasting service, it can be found that
Recomrendation 418 and Report 306 indicate some relaxations in protection ratios far
certain relationships between the wanted and interfering television chammel signal
spectra. A 10 dB relaxation in protection ratio is feasible if the nominal
frequency difference between the wanted television carrier and the unwanted sound
carrier is an odd multiple of half the line frequency and the interfering carrier is
not in the region of the colour sub-carrier. Furthermore, in the region between the
low frequency luminance spectrum and the chrominance spectrum located around the
colour sub-carrier, the television signal is less susceptible to interference from
narrow-band carriers. A maximum relaxation of 10 dB to 20 dB, depending on the

195
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television system, is feasible in this region with 15 dB as a common value which
would be applicable throughout. It should be noted, however, that only a limited
mumber of carriers can be fitted in this less critical region of the television
signal. Finally, in the region adjacent to the sound carrier, indications are that
a relaxation of 25 dB in the protection ratio would be feasible over a relatively
narrow band.

In those cases where the width of the frequency slot only allows for a
limited mumber of sound carriers, the 6 dB aggregate value used in Table X can
be decreased accordingly.

In the specific case where a single sound BSS carrier is located close to
the television sound carrier, a total relaxation of 31 dB from the protection values
used in Table X can be assumed.

It should be realized, however, that the relaxations as described above
based on specific interfering sound carrier locations within the television channel,
will only be feasible on a common basis if the television chamnels have been
assigned according to a regular chammel plan, i.e., as is the case in Region 2
(universal 6 MHz charmel separation).

For all the cases mentioned below where geographical separation is
required to avoid interference into the television broadcasting service, there is no
need to consider the interference aspects in the reverse direction, namely from the
television signal into the satellite sound broadcasting receiver since the
geographical separation to insure a proper discrimination from the satellite
transmitting anterma would bring the service area of the satellite sound
broadcasting clearly beyond the coverage of the television transmitter.

However, in those cases where co-located operation is possible without
undue interference to television broadcasting, further consideration should be given
to the possibility that the television signal will create an unacceptable level of
interference to the reception of the sound BSS.

Table X shows the required isolation to permit sharing with the
terrestrial broadcasting service.

Sharing with conventional FM will be more difficult than in the case of
companded FM. It should be noted that for both ™M cases, the sharing situation
would have been more difficult if it had been applied to the urban case. With
respect to the digital systems, the greatly improved performance of the advanced
system is accompanied by slightly improved sharing possibilities. Consideration of
the discrimination available from the television receiving antenna improves the
situation. Geographical sharing will be greatly facilitated for those areas between
the sub-satellite point and the coverage area. For sharing with areas at an
elevation angle of 60° to the satellite, 16 dB additional isolation would be
afforded. -

2.7.4.2 Sharing with fixed services

Since most systems in the fixed services are of the narrow band type, the
sharing criteria are based on the spectral power flux-density (per &4 kHz).
Consequently, energy dispersal will greatly improve the sharing situations. 1In the
case where no energy dispersal can be applied to preserve compatibility with present
M receivers, the sharing will be quite difficult. This is supported by a study on
sharing with fixed services in the 1429 MHz to 1525 MHz band as given in Report 941.
This Report, based on the assumption of conventional FM transmission, is rather
pessimistic on the acceptability of sound BSS in the 1500 MHz band.
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The following permissible power flux-density limits for sharing with the
fixed services at 1.7 GHz are taken from RR 2557. Assumption will be made that
these limits can be used in order to provide a p.f.d. limit for this discussion, for
all frequency bands where sharing between FS and sound BSS is considered.
Furthermore, these limits are used in the present context as threshold p.-f.d. values
above which the. interference to the fixed services would be considered

unacceptable:
-154 dB(W/(m2 - &4 kHz)) for 5§ < 5°
-154 + (§ - 5)/2 dB(W/(m2 - 4 KHz)) for 5°< § < 259
-144 dB(W/(m? - 4 kHz)) for 25° < § < 90°

It can be noticed that, in the 2.6 GHz band, the permissible p.f.d. for
commmnity reception, as per Radio Regulations 2562 to 2564, gives values very close

to those stated above. Table XI  shows the required isolation to permit sharing
with the fixed service.

TABLE XI - Required additional isolation to allow sharing between
the sound BSS and the fixed service

PFD at centre Required isolation (dB)
Systems of coverage area
(dB(W/(m - 4kHz)) Low elevation High elevation

angle angle

Conventional FM : 111.1 42.9 32.9

Companded FM -120.4 33.6 ' 23.6

Digital -123.6 30.4 20.4

Advanced digital -126 28 18

It can be seen from this Table that additional discrimination is required
in all cases to allow sharing.

2.7.4.3 Sharing with the mobile service

The permissible power flux-density values are given in CCIR Reports 770,
631 and 358 for land mobile systems operating at frequencies between 470 MHz and
960 MHz and more specifically between 806 MHz and 942 MHz in Region 2. Report 770
provides directly applicable typical data whereas other sources, in particular
Report 358, give the background considerations. These values are summarized in
Table XII below for low elevation angles (below 20°) to provide protection to high
grade services. ' ‘

As seen in Table XII , the worst case of p.f.d. not to be exceeded is
given in Report 770.

These limits have been used in the preparation of Table XIII. The
required isolation referred to in Table XIII refers to p.f.d. 1limits for a base
station. This will be the worst case unless the receiving antenna discrimination
for a signal arriving from sound BSS exceeds 16 dB. Beyond this value, the mobile
station will become the constraining case.
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TABLE XII - Typical system parameters and permissible p.f.d. for mobile services

Base station Mobile station
CCIR PFD Band- Receiving PFD Band- Receiving
Reports (dB(W/mZ)) width antenna (dB(W/mz)) width ant?nna
(kHz) gain (kHz) gain
(dB) (dB)
631 -146 16 15 -133 16
358 -142.1 16 -132.1 16
770 -147.9 30 17 -132 30 4.1

TABLE XIII - Additional isolation required to allow sharing between the sound BSS
and mobile services

Systems PFD at centre Required isolation
of coverage area (Report 770)
(dB(W/(m2 - 4 KHz))) (dB)
Conventional FM -111.1 36.8
Companded FM -120.4 27.5
Digital -123.6 33
. Advanced digital -126 30.6

As can be seen from this Table, additional isolation will be required in
all cases to permit sharing with the mobile service.

2.7.5 Geographical sharing

Geographical sharing can be used to resolve some difficult sharing
situations. In such cases, co-located sharing of a given frequency band between the
two concerned services is not possible: in contrast, for sharing to take place
between networks of the two services in question, a geographical separation of the
service areas of the two networks is required. When both of the services in
question are terrestrial in nature, the geographical separations required may be in
the tens to hundreds of kilometres in the UHF portion of the radio spectrum. In
contrast, when one of the services is a space service, in this case the sound
broadcasting satellite service, the separation required may be in hundreds to
thousands of kilometres.
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The concept of geographical sharing between the sound broadcasting
satellite service and a terrestrial service is dependent on the permissible flux
level from the sound broadcasting satellite space station into the terrestrial
network. The actual level is determined by the power flux-density needed in the
service area of the sound broadcasting satellite service and the required level of
protection to the terrestrial service. The difference between these two levels will
determine the amount of isolation between the two services to operate without undue
interference to the terrestrial service. This isolation can be provided by the
discrimination of the satellite transmitting antenna if the service area of the
terrestrial service is located far enough from the satellite beam coverage. In
situations where required separation distances are small, interference from the
terrestrial network into sound BSS receivers should also be considered.

Section 2.4 of this Report deals with satellite transmitting antenna
technologies and indicates that good sidelobe rejection will be possible in the
future and that the reference pattern used at the WARC-77 to plan the BSS at 12 GHz
could be realistically assumed.

Table XIV gives the separation distances needed for different required
anterma discriminations for the minimum case where the satellite beam covers an area
close to the satellite sub-point; and for the maximum cases where the beam is
directed away from the satellite sub-point and the location where the interference
occurs is just at the edge of the Earth where the interfering signal from the
satellite arrives at 0° elevation angle. These separation distances indicate the
radius around the centre of the beam beyond which there is enough discrimination
from the satellite antenna alone to allow frequency re-use by other services.

TABLE XIV - Range of required separation distances on the Earth from the
sound BSS beam centre to ensure a given satellite antemna discrimination
for 1° and 2° antenna beamvidths

Separation distance
(km)
Required
antenna Yo = 1° Yo = 2°
dicrimi- Off-axis
nation angle
(dB) (x 9p) Minimum Maximum Minimum Maximum
3 0.5 312 2108 624 2965
10 0.91 570 © 2835 1142 3990
20 1.29 807 3362 1620 4742
30 1.58 989 3716 1988 5251
30.1 3.19 2007 5275 4098 7578
35 5.01 3183 6655 6740 9876
40 7.94 5183 8573 12938 14464
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From the distances found above, geographical sharing can be applied to all
.cases of sharing where additional isolation beyond what is available from the
receiving antemna is found to be necessary in order to allow operation of the sound

BSS without affecting terrestrial services.
rdistances for each specific case of sharing.
‘their separation distances are summarized in Table XV.

This results in given separation
These sharing situations along with

TABLE XV - Summary table of the situations and required separation distances
_ Minimum separation
Sourd BSS Interfered with Permissible PFD Required distance for 1°
system model servica for sound BSS isolation[ beam (km)
(dB) Elevation Angle
(degrees)
> 30 60
Corrventional M Broadcasting oo
(Case A) - maximm protection -138 dB(W/m?) 10.9-26.9 3104 | 1510 676
- minimm protection -128 dB(W/m?) 0.9-16.9 2717 | 1181 199
(-111.1 dB (W/m?)) )
(-111.1 dB(W/(m2-4 kiz))} Fixed }
-154 dB(W/(m2-4 kiHz)) 32.9-42.9 9570 | 3652 | 2728
Mobile
- low elevation angle -147.9 dB(W/(m2:30 kHz)) 36.8° 6741 | 4827 --
‘Campanded FM Broadcasting
(Case A) - maximm protection -138 dB(W/m2) 1.6-17.6 2749 | 1208 264
- minimm protection -128 dB(W/m?) 0 - 7.6 2151 668 0
(-120.4 dB(W/(m))
(~120.4 dB(W/(m?-4 XHz)}} Fixed
~154 dB(W/(w2-4 kiz)) 23.6-33.6 5693 | 1529 981
Mobile
- low elevation angle ~147.9 dB(W/(m2:30 kiiz)) 27.5 3124 | 1631 -
Digital Broadcasting
(Case A) - maximm protection -138 dB(W/m?) 15-31.0 | 4976 | 1618 789
- minimm protection ~128 dB(W/m?) s-21.0 | 2892 | 1330 463
(-107 cxa(wmz);z
(=123.6 AB(W/{m?-4 kHz))) Fixed
' ~154 dB(W/(mz-4 kiz)) 20.4-30.4 4824 1437 915
Mobila
- low elevation angle -156.7 dB(W/(m2-4 kHz)) 33.1 5547 | 3704 -
Advanced .
-digital - maximm protection ~138 dB(W/m?) 13-29.0 | 3171 | 1567 736
{Case F) ~ minimm protection -128 dB(W/m?) 3-19.0 | 2810 1260 361
(=109 dB(W/m? Fixed
(<126 dB(W/(m?+4 Xilz))) ~154 dB(W/ (m2-4 kiz)) 18.0~28.0 3140 1363 861
Mebile
~ low elevation angle -156.7 dB(W/(m?:4 kiz)) 30.7 4899 | 3118 --

Case "A": Sound BSS intended for reception in rural areas at elevation
angles exceeding 709, corresponding to a service in
low-latitude areas.

Case "F": For vehicular reception in heavily shadowed rural areas or in dense
) urban areas.
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2.7.6 Sharing with other services

Besides the primary users of the 500 MHz to 2000 MHz band and its
neighbourhood (broadcasting, mobile and fixed services), substantial allocations are
provided for aeronautical, radionavigation and radiolocation services.

Special sharing constraints on the use of adjacent bands may also arise from
passive services such as radioastronomy services. Data for sharing with these
other services are not yet available,

2.7.7 Susceptibility of the sound BSS to interference from other services

The susceptibility of the different analogue and digital modulation
schemes to the interference from the other services with which the same frequency
band is to be shared should be considered so that a complete picture of the sharing
situation, in both directions, can be established for those cases where geographical
separation is not required. It is expected that the digital systems, and even more
so the advanced digital systems, will be more robust against interference than their
analogue counterparts. V

2.7.8 Discussion of sharing situations

It should be noted from the outset that the four system models used in the
sharing analysis are typical system examples with specific system parameters and
operating under given receiving conditions. In this way, the findings as to their
sharing feasibility are not absolute since variations in the system parameters and
operating conditions will ease or worsen the sharing conditions. For instance, .the
first three system models selected are assumed to be for reception in rural areas at
low latitude. If reception in urban enviromments was to be covered, the necessary
PFD level would need to be increased by 9 dB, therefore making the sharing more
difficult. On the other hand, in the case of the fourth system (advanced digital),
the grade of service was selected to cover reception in urban areas at high latitude
with such systems. Operation in rural areas and low latitudes would make sharing =
conditions easier. In this study, the p.f.d.s have not been adjusted for operating
frequencies different from the 1 GHz assumed. Operation at lower frequency would
result in reduction of system PFD, for instance 6 dB at 500 MHz. In the case of
sharing with the broadcasting service, some p.f.d. reduction would always be applied
since the allocation is below 890 MHz. Also the chart shows a range of distances
required for sharing with broadcasting services for various elevation angles.
The three elevation angles shown, 5, 30 and 60 degrees, cover the range of
discrim#nation in the vertical plane of the UHF TV receiving antenna assumed
in this report, that is, from zero to 16 dB as the elevation
angle of the sound BSS signal is increased above the horizontal
plane.

It should be noted that the satellite transmitting reference pattern has a
plateau at 30 dB isolation which represencs a transition of about 1000 km. For
those required isolation values slightly exceeding 30 dB, all means should be taken
to reduce the isolation to less than 30 dB to obtain a substantial improvement in
the sharing situation.
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For the comventional ™ system, the required separation distances found in
Table XV indicate that sharing with fixed and mobile services would not be
feasible. For the sound BSS to share with terrestrial broadcasting, a 199 to 3,104 km
distance {s required (which could further be reduced in the case of operation at
lower frequencies) making near co-location possible in some situations at lower
latitudes. Near co-location corresponds to the case where the TV station is
outside but near the satellite coverage area, a situation which bears similarity
to the existing inter-service sharing environment for terrestrial television.

In the case of the companded FM system, the sharing with the terrescrial
broadcasting service requires even smaller separation distances (0 to 2,749 km) than
£for the case of conventional FM discussed aboye. Therefore,
in some cases, operation in the same geograpblc area Would
be possible at the lower latitudes, considering only lntgr:
ference from BSS sound broadcasting space station tragsmltbers
to terrestrial UHF receivers. However, ;nterference in the
reverse direction, that is from terrestrial UHF TV transmitters,
which have powers up to 5 megawatts, could cause interference to BSS
earth station receivers in large areas around TV stations.

Sharing with the fixed service for low elevation angles requires large
distances which can be diminished if energy dispersal is employed. In the case of
areas with high elevation angles, sharing with the fixed service would permit near
co-located operation with energy dispersal (an energy dispersal removal circuit can
be assumed since new receivers with expanders would need to be manufactured in any
case). Sharing with the mobile service will require relatively large separation
distances which could be diminished to approximately 500 km with energy dispersal.

Considering the simple digital system, a range of 463 to 4976 km is
required for sharing with the broadcasting service. Since the p.f.d. for all the
operating frequencies must be adjusted, the threshold of 30 dB could easily be
avoided and wuch smaller distances would be needed. Sharing with the fixed service
will only be possible in the case of low elevation angles below 1 GHz at very large
distances. At high elevation angles, sharing at a lesser distance will be possible.
Sharing with mobile services will only be possible below 700 MHz and even so
requiring large separations.

.The advanced digital system, in order to share with the broadcasting
service, requires distances ranging from 361 to 3171 km. This means that co-
location would be possible at high elevation angles, Furthermore, at a frequency
of 500 MHz, near co-location would be possible, for elevation angles above 45°.
Sharing is feasible with the fixed service at medium to large distances depending
on operating frequencies. Regarding sharing with the mobile service, it is only
feasible below 1 GHz and then only for large separation distances.

Z.é Bandwidth considerations [CCIR, 1978-82a] [CCIR, l986—90a, b]

The total bandwidth required for a band 9 sound BSS depends on the modulation method and the extent
of coverage overlap.
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For conventional FM and based on the parameters with appropriate
modification used for the planning of the broadcasting-satellite service in the
12 GHz band in Region 1, one can conclude from a study carried out by the EBU
and ESA covering almost the whole of Africa and Europe that approximately 60
channels with a spacing of 150 kHz and thus, a total bandwidth of about 9 MHz is
necessary to provide one national sound broadcasting programme per country. ?his
study is valid for monophonic as well as sterephonic reception. The latter will,
however, only be achievable with permanently-installed receivers. The higher
protection ratio needed for the higher quality stereophonic FM reception is
obtained through:

— the line-of-sight reception of permanently-installed receivers requiring no fade margin; and

— the radiation characteristics of the high-gain receiver antenna which makes it possible to discriminate between
the wanted and interfering satellites if the latter are in different orbit positions.

A study conducted in Canada for Region 2 based on the RARC SAT-83 service areas concludes that
trequency re-use will not be possible and consequently 10.8 MHz are needed for one national programme per
service area. A different coverage approach with a higher degree of overlap results in a bandwidth increase.

Simple digital modulation methods tend to require larger transmission

bandwidths per channel which, however, is partly balanced by the lower
sensitivity to interference. A study made for Region 2 countries indicates a
bandwidth requirement of some 13 MHz for one monophonic programme per Region 2
country. Stereophonic transmissions would consequently require 26 MHz.

The frequency of the carrier within the 500-2000 MHz band affects the level of frequency re-use and hence
affects the amount of spectrum required to provide one programme per service area. A lowering of the operating
frequency will increase the size of the minimum beam for a given minimum antenna size. The angular distance
before the frequency can be re-used will consequently increase thus increasing the spectrum requirement until a
point where frequency re-use becomes impossible. From that point onward, the spectrum requirement stays
constant. In a study for Region 2, it was found that the spectrum requirement decreased by 25% going from
1 GHz to 2 GHz whereas a smaller increase, between 0% and 12%, was found going from 1000 MHz to 500 MHz.

Advanced digital system II uses, as a matter of principle, channels
which are 4 MHz wide in which 12 to 16 stereophonic programmes are transmitted.
A planning exercise has shown that with this system a total band of 84 MHz
(i.e. 21 channels) can provide one 4 MHz channel with national coverage for each
European country. This total bandwith may be reduced if the service areas are
identical and regularly distributed.

2.9  Feeder-link considerations [CCIR, 1978-82a]

Feeder links for satellite sound broadcasting systems will likely be accommodated in
bands allocated to the fixed satellite service. The required bandwidth will likely be
small in terms of present FSS usage and will be commensurate with the bandwidth allocated
to the broadcasting-satellite service (sound) down links.
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2.10 Cost considerations

. The economics of introducing a new broadcasting service depend on many factors,
including the context in which it is to be introduced [Stott, 1985].

It is relevant to compare the costs of providing a satellite sound broadcasting
service with those of providing a similar service by terrestrial means. It should be
noted that the digital system may provide a higher quality service than conventional FM
broadcasting. Thus, any additional value of such enhanced satellite service would need to
be taken into account in any cost comparison with terrestrial means.

The magnitude of these costs, and their significance will vary from country to
country and with time. Relevant cost factors include:

For a network of terrestrial transmitters:
- many transmitting sites, with transmitters, antemmnas, and accommodation;
- roads to provide access to them;
- power distribution or local generation to provide power to the transmitters;
- .communication links from the studio centre to transmitting sites;
- staff to operate and maintain them;
- the cost of electricity is significant.
for satellite broadcasting:

- the provision and launch of a satellite together with provisions for back-up in the
event of failure;

- one earth station, comprising the feeder-link transmitter and facility for TTC
(telemetry, tracking and command - the functions needed to establish and maintain
correct operation of the satellite)), which could possibly be situated at the studio
centre, obviating the need for extra roads, power distribution and communication
links;

- 1less staff;

- the feeder-link transmitter requires very little power compared with a network of
broadcast transmitters.

In either case, the listening public must have suitable receivers and suitable
programme material must be available.

System characteristics also affect the cost of receivers. This is one of the
reasons why the first studies considered P with characteristics identical to those in
common use for terrestrial VHF broadcasting. Nevertheless, the development of digital
systems which are readily amenable to mass production will help to contain receiver
costs.
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One way to reduce costs is to share the satellite, and thus the space-segment costs,
with other services. Possibilities include:

- providing sound broadcasting to more than one country, each having individual national
or sub-national coverage;

- providing additional revenue-earning services (e.g., data) which are unrelated to sound
broadeasting;

- sharing the same spacecraft with other services such as FSS, MSS, etc.
- any combinations of the above.

Such possibilities would be facilitated by the development of suitable transmitting
antermas which can provide more than one beam without significant increase in size and

welght. An example is an array antemna with multiple beam ports.

2.11 Receiver complexity

The frequency modulation systems and those using simple digital
techniques require only conventional receivers using well-known technologies.
For conventional FM using the same modulation parameters as terrestrial VHF
broadcasting one would only require to add to the existing receiver a simple
frequency translator from the satellite operating frequency for the VHF
broadcasting band. The advanced digital systems necessitate more complex signal
processing techniques in the receivers (coherent demodulation, programme
selection, Viterbi decoding, sound decoding). All these operations can
nonetheless be done in future with integrated circuits manufactured in large
quantities and hence of low cost.

Indeed, the experimental system described in Annex IV already utilizes
large-scale C-MOS integrated circuits to perform complex coding and decoding
functions.

2.12 Conclusions

The results of this study suggest that satellite sound broadcasting
systems in band 9 could be realized with current technology for all areas
ranging from the easiest case of rural equatorial areas to the most difficult
case of urban areas at high latitude.

Three types of systems have been studied. The first model uses FM with
parameters compatible with terrestrial FM broadcasting and provides monophonic
reception in the case of portable and mobile receivers or stereophonic reception
in the case of permanent installations where obstructions can be minimized and
larger antennas can be used. Alternatively, one can use companded FM with
reduced audio-bandwidth and deviation, although this signal is not receivable on
conventional FM receivers. The second model uses digital modulation and can
provide a wider range of facilities independent of the type of reception. The
third model corresponds to advanced digital systems in which special coding,
interleaving techniques and/or spatial diversity reception serve to reduce
the effects of fading caused by multi-path propagation.

The most stringent service requirements are best satisfied using systems especially
tailored for the purpose. Examples include the two advanced digital systems which offer a
higher standard of service with reduced power and p.f.d. requirements compared to a simple
digital system operating under the same conditions. In other circumstances however, a
simple digital or analogue FM system would be adequate and appropriate.
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All the digital systems offer the choice of providing a stereophonic service to all
types' of receiver (mobile, portable and fixed), with the flexibility to re-apportion the
capacity, if desired, to provide two or more monophonic or data chamnels. The complexity
of digital systems should not be regarded as a barrier to implementation or penetration of
the service since such systems are readily amenable to integrated-circuit realization with

attendant cost savings in mass production.

The bandwidth required for a satellite sound broadcasting service in band 9 depends on the modulation
method and on the extent of coverage overlap. Studies performed by the EBU and ESA for almost the whole of
Africa and Europe, and by Canada in Region 2, arrive at a required bandwidth of 9 to 11 MHz for providing one
national sound broadcasting programme per country when this is transmitted by frequency modulation. Simple
digital modulation tends to require a somewhat larger bandwidth. ’

With an advanced digital system, it is nonetheless possible to
broadcast up to 16 stereophonic programmes with national coverage to each
country, in a total band of 84 MHz as found in a study made for Europe.

Before a satellite-sound broadcasting service could be introduced, a revision to the
Table of Frequency Allocations of the Radio Regulations would be necessary in order to
make either an exclusive or a shared allocation to the service.

In general it is not easy for a satellite-sound broadcasting service to share a
frequency band with other services, and for this reason an exclusive band allocation would
be preferred. It can be argued that this arrangement would ultimately lead to the most
efficient use of the spectrum when many satellite sound broadcasting systems have been
introduced. Nevertheless, sharing on the basis of geographical separation is possible in
certain circumstances, especially for low-p.f.d. systems. The discrimination provided by
the receiving antermas of the terrestrial services to be protected was found to greatly
improve the geographical sharing situation when those services are in areas with high
elevation angles to the satellite. The designation of a relatively wide shared
band within which adequate segments could be used, subject to varying
constraints, might provide a flexible alternative means to implement satellite
sound broadcasting systems.

3. Systems for band 7°*

It should be noted that the Radio Regulations do not provide for the use of satellite transmissions in this
band.

3.1 Introduction

Transmissions in this band depend on the reflection and refraction properties of the ionosphere to extend
the service area beyond that which is served by the ground wave. There are many variables associated with the use
of the ionosphere which are a function of operating frequency, time of day, season, solar activity and
geographical latitude and longitude. To provide the desired grade of service in the presence of these variables, it is
common practice to simultaneously transmit a single programme in different bands and on multiple channels
within the same band, often resulting in congestion and poor service quality.

The application of satellite techniques might lead to better utilization of the allocated bands. The
ionospheric conditions which permit penetration of the ionosphere by satellite emissions can, in certain
conditions, preclude long distance terrestrial transmissions, particularly above about 15 MHz. :

* Section 3 with Table XVI was not accepted by all administrations at the Interim Meetings of Study Groups 10 and 11 (1983).
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The concept of using satellite techniques for sound broadcasting in band 7 is not new. This concept was
actively studied within the CCIR until the early 1970s and the resuits may be found in Report 215-2 (New Delhi,
1970). These studies showed the need for high RF power (of the order of 200 kW) which was due, in part, to the
unavailability of spacecraft transmitting antennas with appreciable gain. In the context of the then existing
state-of-the-art in satellite technology and launch vehicle capability, the technical and operating characteristics of
satellite sound broadcasting systems operating in band 7 were formidable requirements which challenged the
technological feasibility of the application. However, recent work within the United States of America on the
development and the reduction of weight of large space antennas [Freeland, 1982] and associated technology
shows promise. Nevertheless, considerable further study is required before the feasibility at an acceptable cost can
be demonstrated.

32 Quality objectives and suitable modulation methods

It is common practice in HF broadcasting to specify a median field strength within the service area as
opposed to specifying a test tone-to-unweighted noise at the output of a fully specified or standard receiver. In
keeping with this practice it is deemed sufficient to specify a field strength objective to be equalled or exceeded
over the service area.

It is assumed that amplitude modulation will be used because of the large numbers of AM receivers
presently in use and for the foreseeable future. To provide an acceptable quality of service to low-cost portable
HF receivers in a noisy radio-frequency environment requires that the median field strength be of the order of
50 dB(uV/m) to 60 dB(uV/m). The system example given in § 3.5 assumes 60 dB(uV/m) for the required median
field strength. ’

33 Technically suitable frequencies

Ionospheric propagation effects are the key technical elements in identifying suitable frequency bands for
satellite sound broadcasting. Pending further propagation and interference studies, it is believed that 15 MHz may
be the lowest suitable frequency during night-time hours and during periods of low sunspot activity. The
suitability would increase with frequency, and frequencies up to 26 MHz could be received by HF broadcast
receivers.

34 Propagation factors

Trans-ionospheric propagation of satellite emissions in band 7 is a function of the complex dielectric
properties of the ionosphere and their temporal and spatial distribution. These properties cause Faraday rotation,
scintillation, absorption, reflection and refraction of electromagnetic waves traversing the ionosphere. The
ionosphere is influenced primarily by solar radiation. As a result, the characteristics of the ionosphere exhibit
diurnal, seasonal and solar cycle variations.

Report 725 describes the properties of the ionosphere, and Report 263 describes the ionospheric effects on
Earth-space propagation.

Shielding of the Earth by the F layer and to a lesser extent by the sporadic-E layer is the most detrimental
effect the ionosphere can have on satellite transmissions. The conditions for which the ionospheric penetration
occurs and for what periods of time are factors determining the feasibility of satellite sound broadcasting in
band 7. These conditions have been studied and are reported in detail in [Phillips and Knight, 1978).

3.4.1  Shielding by the F layer

Penetration of the F layer by geostationary-satellite emissions in the 26 MHz band-is such that a
sound broadcasting service could be provided to latitudes as great as 55° on 90% of the days around local
noon. This service availability would be realized during periods when the smoothed sunspot number (R;;)
is as high as 100.

3.42  Shielding by the sporadic-E layer

Shielding by sporadic E is expected to occur for less than 1 to 5% of the time during the summer
season, and for small percentages of time for the other seasons.
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3.43  Absorption

Extrapolating data to the 26 MHz band as given in Report 263, absorption under normal
conditions will be between 0.9 and 2.2 dB and as much as 20 dB during a solar flare.

3.44 Faraday rotations

Faraday rotation of a linearly-polarized wave can be of the order of 400 revolutions at 26 MHz.
Consequently, circularly polarized satellite emissions are required to avoid deep fading of signals when
received using simple dipole antennas.

3.4.5 Coverage area produced by scatter from the earth
and by antenna sidelobe radiation

In addition to a primary coverage area produced by direct illumination from the satellite, there will
be, under certain conditions as illustrated in Fig. 1, a secondary area formed by scatter from the Earth's
surface and consequent reflections from the ionosphere, as on ordinary Earth-Earth links [CCIR, 1982-
861

Factors affecting this scatter propagation mode include: diurnal, seasonal and solar cycle effects on
the electron density profile of the ionosphere; the geographic and geomagnetic location of the coverage
area; the angle of incidence on the coverage area of the wave emitted by the satellite; and the relative
roughness of the surface of the coverage area (must be sufficiently rough to generate diffuse reflections).

Preliminary calculations of the field strength were carried out using the methods described in
[Chernov, 1971] for the following conditions: an illumination frequency of 26 MHz; a field strength of
60 dB(uV/m) in the coverage area; a diameter of 1000 km of the primary coverage area located at the
equator; and the area is hilly, the ratio of r.m.s. height to the terrestrial irregularity correlation radius is
equal to 0.05. The ionospheric conditions were taken for January, sunspot number R;: = 100 and 1800 h
local time in the coverage area (see Report 340). The results are presented as field strength contours.

The results of the calculations for an illuminated area centred at 0° N, 20° E are shown in Fig. 2.
The illustration shows that with an initial field strength of 60 dB(uV/m), the area illuminated by a scatter
field strength higher than 30 dB(uV.'m) is many times greater than the original area. However, to use the
additional area as wanted area is difficult owing to variability of the ionosphere and fluctuating
dimensions and borders of the area. This scatter effect is fairly large and may cause interference at the

given frequency in adjacent areas. According to the test results [CCIR, 1986-90g] the
antenna sidelobe radiation of the satellite may, in some circumstances, be quite
substantial and must not be neglected.

Additional study is required to characterize statistically these effects (percentage of time and
geographical extent) taking into account the factors enumerated above which affect this propagation mode.

35 Example system

The technical performance characteristics for an example system operating from the geostationary orbit are
shown in Table XVI.This example is intended to highlight technical characteristics associated with a satellite system
providing a good grade of service to an area with a high level of man-made noise.

3.6 Conclusion

Satellite and launch vehicle technology that may be used for transmission in band 7 is currently under
development in the United States of America and the possibility requires examination to see whether it could lead
to more effective use of the frequency spectrum. A preliminary analysis of the propagation factors indicate that
systems operating in the 26 MHz band are capable of providing better than a 90% service availability during
daylight hours independent of the operating period within the 11-year solar cycle. During the period of low solar
activity, systems operating as low as 15 MHz may perhaps be capable of providing high availability service at
night and to a lesser extent during the day.

However, further study is required before both the technical and economic feasibility of the system and its
potential for achieving better frequency usage can be demonstrated.
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TABLE XVI — Link budget for geostationary sound
broadcasting-satellite systems in band 7

Operating frequency (MHz) 26
Modulation method AM
Transmitting power (kW) . 16
(dBW) 42
Satellite transmitting antenna gain (dBi) 40.2
Half-power beamwidth (degrees) 1.6
Satellite antenna diameter (m) 500
E.i.r.p (dBW) 82.2
Spreading loss (') (dB) —163
Absorption (dB) -2
pfd at edge of beam (—3 dB) (dBW/m?) —85.8
Field strength (dB(pV/m)) 60
(LV/m) 1000
Polarization loss (dB) -3
Receiving antenna gain (%) (dBi) 0
Received signal power (dBW) —78.5
System noise figure (°) (dB) 40
Noise bandwidth (kHz) 10
Noise power (dBW) —-122.2
Carrier-to-noise ratio (dB) 43.7
Test tone-to-noise ratio in 5§ kHz (}) (dB) 43.7

(') Corresponds approximately to 20° elevation angle.

(®) Simple dipole or whip assumed.

(*) Median business area man-made noise (see Report 670).
(*) 100% modulation assumed.

FIGURE 1 — Areq illuminated and scattering of eneriy
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FIGURE 2 - Calculated results for a 26 MHz transmission frequency and centre of illuminated area at 0° N, 20° E
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ANNEX I

Satellite transmitting antenna‘technology

[CCIR, 1986-90a ]

1. Introduction

With the relatively lower EIRP now required (see §2.6.4) which will
result in a lowering of the required primary power and thus the total
.satellite size, it seems that the satellite antenna remains the only
critical element in the realization of the space segment to provide UHF
sound BSS. This anmex covers the details of a number of techniques to realize
the -antennas and their expected performance.

‘Satellite-borne antennas with diameters in the range of 5 meters to
55 meters are currently in various stages of development for advanced
applications such as mobile communications satellites, orbiting very-long-
baseline-interferometry (VLBI) astrophysics missions, and Earth remote

sensing missions [ Freeland et al., 1986]. The technology being developed
for these other types of applications is directly applicable to satellite
sound broadcasting systems operating in band 9.
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Satellite-borne antennas with diameters greater than about 3 to
4 meters must be designed so that they may be launched in a §towed
configuration, and deployed once the satellite has achieved its proper
orbit _and has been stabilized. This constraint has led to large~aperture,
reflector antenna designs based on the use of a collapsible or foldable
support structure and of a light-weight, pliable, metallized mesh
reflector surface.

The types of supporting structures used on the different satellite-
borne antennas currently under development include the hoop/column, the
tetrahedral truss, and the wrap-rib. Figure 3 shows the wrap-rib and
hoop/column antennas both in the partially deployed and fully deployed
stages. These deployable antennas are all of relatively light-weight and
use a mesh material as the reflecting surface. In the deployed
configuration, the mesh antenna surface is formed into a paraboloid either
by a series of tie-points between the members of the supporting structure
and the mesh (the hoop/column and tetrahedral truss antenna) or by
attaching the mesh to a shaped rib (the wrap-rib antenna). The surface
accuracies achieved using these shaping techniques are such that the
measured radiation patterns of these developmental antennas generally
conform to the co-polar reference pattern for satellite transmitting
antennas given in Figure 3 of Recommendation 652.

2. SUPPORTING STRUCTURE
2.1 Hoop/Column

A 15 meter diameter hoop/column antenna has been built and tested in
a ground environment [Belvin and Edighoffer, 1986]. The antenna deploys
from a volume of about 1 meter in diameter by 3 meters high to a structure
that is 15 meters in diameter by 9.5 meters 1in height. A motor driven
cable system is used to deploy the antenna.

2.2 Tetrahedral Truss

A technology-demonstration 5 meter diameter tetrahedral truss antenna
has been built and tested [Dyer and Dudeck, 1986]. When packaged, the
overall antenna height is 1.8 meters, the truss height is 1.1 meters, the
mesh diameter is 1.4 meters, and the truss diameter is 0.9 meter. The
antenna is a freely deploying system that does not require motors to
deploy. Deployment makes use of energy stored in the folded spring hinges
(carpenter tape hinges) of the structure.

2.3 Wrap-Rib

, Large-aperture, deployable reflector antennas based on the wrap-rib
design use the most mature deployable antenna technology available P
[Naderl,_198g]. A 9.1 meter diameter version of this antenna was flown on
the Appllcatlong Technology Satellite-6 (ATS-6) in 1974 (Marsten, 1975]. A
preliminary design study was conducted in 1979 to characterize offset fed
and axi-symmetric reflector antennas for missions requiring antennas in
the 100 meter to 150 meter diameter range. The study identified critical
;iggggioggsg,destimatgd tge gosz and schedule required to develop the

, eveloped a technolo lan for a low-c ~ri " -
of-concept" demonstration [Freelagg gt al., 1984]. oSt low-risk "proof
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The proof-of-concept was demonstrated in 1984, when a partial
reflector was deployed in a simulated zero-gravity environment. The proof-
of-concept model was a segment of a 55 meter diameter reflector consisting
of a central hub (around which the ribs are wound when in the stowed
configuration) and four ribs (contoured to the shape of a parabola) to
which the mesh reflector material was attached. The tests demonstrated the
effécacy of the deployment method and of the mesh-deployment management
systemn.

3. REFLECTOR SURFACE

The performance of these large aperture space-borne antennas may be
affected by the characteristics of the reflector material and by the
accuracy of the reflector contour.

3.1 Effects of the Wire Mesh

A knitted wire mesh is the reflector material of choice for each of
the antenna types cited. A typical mesh is a tricot knit of 0.003 cm
diameter gold-plated molybdenum wire with about 3 openings per centimeter.
An analysis to determine the effects of the knitted wire mesh on the gain,
side lobe, and cross-polarization performance of large-aperture antennas
has been performed [Rahmat-Samii and Lee, 1985]. It was shown that the
performance of the mesh reflector antenna should be comparable to that of
a solid reflector antenna when the geometry of the mesh material was
properly selected (i.e., by properly selecting the opening size relative
to a wavelength, rectangular vs. square openings, and the orientation of
the rectangular opening relative to the incident polarization vector).
Specifically, side lobes in excess of 30 to 35 dB below the level of the
main beam were achievable using a pliable, light-weight, wire mesh
reflector material.

3.2 Surface Accuracy

The hoop/column and the tetrahedral truss antennas use tie-points to
connect the mesh surface to the support structure and to form the surface
into a parabolic shape. It was found that grating lobes were generated in
the far-field pattern by periodic "pillowing" of the surface, which was in
turn, caused by errors in "tensioning" the uniformly spaced tie-points.
When the placement of the tie-points was randomized, the grating lobes
were no longer evident [Bailey, 1986]. Figure 4 illustrates the measured
performance of an offset-fed, 5 meter tetrahedral truss antenna operating
at a scale frequency of 4.26 GHz [Dyer and Dudeck, 1986]. It is noted,
that this performance should scale to a 20 meter diameter antenna
operating at a frequency around 1 GHz.

The achievable surface accuracy of the wrap-rib antenna has also been
studied. This antenna design relies on both the accuracy and on the
thermal characteristics of the rib cross-section to define the reflector
surface formed by the mesh. Studies of the performance of a 20 meter
diameter wrap-rib antenna in a space environment indicate that an rms
surface accuracy of 3 mm can be achieved [Freeland, 1987]. This
corresponds, for example, to an rms surface accuracy of A/100 at an
operating frequency of 1 GHz; a value that will ensure low side lobes.



Rep. 955-2 218

4. IN-ORBIT TESTS

In order to verify that these large aperture deployable antennas will
perform as required in a space environment, it is necessary to test them
in an environment that simulates, as closely as possible, the zero—grav1ty
and thermal vacuum conditions found in outer space. Ground testing of
these antennas, even when suitable facilities exist, is extremely
difficult and expensive, and frequently vyields results of questionable
value. A flight test of a high-performance, low-side lobe, 20 meter
diameter wrap-rib prototype antenna system on the Shuttle or on another
suitable vehicle is being studied as a means to significantly reduce the
risk and uncertainty associated with the operational use of an antenna and
to provide the added benefit of helping to validate ground test procedures
for future antenna systems [Freeland et al., 1986; Freeland, 1987].

5. SUMMARY AND CONCLUSIONS

There is significant work underway to develop high-performance,
deployable, light-weight, space-qualified reflector antennas with
diameters ranging from 5 meters to over 55 meters and which exhibit
sidelobe levels on the order of 30 dB or more below the peak gain of the
antenna. Ax1-symmetr1c and offset-fed antennas are being developed. A
tricot knit, gold-plated molybdenum wire mesh is used for the reflecting
surface. Analyses, confirmed by experiment, show that a properly chosen
wire mesh reflector surface will not degrade the antenna performance in
the sidelobe reglon. When this condition is met, the antenna performance
in the sidelobe region is primarily determined by the mechanical
deviations of the reflector surface from a paraboloid. During the course
of developlng the tetrahedral truss antenna, it was found that random
p081t10n1ng of the tie-point locations was an effective means by which to
eliminate the grating lobes exhibited by antennas that use regularly
spaced tie-points.

The difficulties associated with space—quallfylng these large-
aperture deployable antenna structures using ground testing has led to the
study of using fllghts of the Shuttle or other suitable vehicles to
perform the requisite qualification tests. In-orbit testing of a high-
performance, 20 meter diameter wrap-rib antenna is being studied.

It may be concluded on the basis of the on-going work cited in this
contrlbutlon that the satellite transmlttlng antenna radlatlon pattern
glven in Figure 9 of Annex 5 to Appendlx 30 (ORB-85) is a viable reference
radiation pattern to use for sharlng studies and for system studies
involving satellite sound broadcasting systems operating in band 9.
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WRAP-R!B HOOP / COLUMN

Figure 3 - Partially and fully deployed wrap-rib and
hoop/column antennas [Jordon et al, 1984].
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Figure L - Comparison of the calculated and measured antenna
pattern of a 5 meter tetrahedral truss antenna
operating at 4.26 GHz [Bailey, 1986].

10



217
Rep. 955-2

REFERENCES

BAILEY, M.C. [1986] Hoop/Column and Tetrahedral Truss Elec;romagnetic
Tests, Proceedings of NASA/DOD antrgl/structures Interaction Technology
Cconference, NASA Conference Publication 2447, pp 737-746 .

BELVIN, W.K. and EDIGHOFFER, H.H. [1986]) 15 Meter Hoop-Column Antenna
Dynamics: Test and Results, Proceedings of NASA/DOD Control/Structures
Interaction Technology Conference, NASA Conference Publication 2447,
pp 167-185

DYER, J.E. and DUDECK, M.P. [1986] Deployable Truss Structure Advanced
Technology, Proceedings of NASA/DOD Control/Structures Interaction
Technology Conference, NASA Conference Publication 2447, pp 111-124

FREELAND, R.E. [10-17 October 1987] Mobile Communication Satellite Antenna
Flight Experiment Definition, 38th Congress, International Astronautical
Federation, Paper IAF-87-314, Brighton, England

FREELAND, R.E., GARCIA, N.F., and IWAMOTO, H. [1984] Wrap-Rib Antenna
Technology Development, Proceedings of the Large Space Antenna Systems
Technology Conference, NASA Conference Publication CP-2368, pp 139-166

FREELAND, R.E., METTLER, E., MILLER, L.J., RAHMAT~-SAMII, Y., and WEBER
III, W.J. [1986] Antenna Technology Shuttle Experiment (ATSE), Proceedings
of NASA/DOD Control/Structures Interaction Technology Conference, NASA
Conference Publication 2447, pp 779-807

JORDON, J.F., FREELAND, R.E., LEVY, G.S. and POTTS, D.L. [1984] QUASAT-An
Orbiting Very Long Baseline Interferometer Program Using Large Space
Antenna Systems, Proceedings of the Large Space Antenna Systems Technology
Conference, NASA Conference Publication CP-2368, pp 117-125

MARSTEN, R.B. [November 1975] ATS-6 Significance, IEEE Transactions on
Aerospace and Electronic Systems, Vol. AES-11, No. 6, pp 984-993

NADERI, F. editor [February 15, 1982] Land Mobile Satellite Service
(IMSS): A Conceptual System Design and Identification of the Critical
Technologies, Part II: Technical Report, NASA Jet Propulsion Laboratory
Publication 82-19

RAHMAT-SAMII, Y. and LEE, S-W [January 1985] Vector Diffraction Analysis

of Reflector Antennas with Mesh Surfaces, IEEE Transactions on Antennas
and Propagation, Vol. AP-33, No.l1l, pp 76-90

CCIR Documents

[1986-907: 10-11S/53 (USA).



218 Rep. 955-2

ANNEX II

Propagation characteristics and link margins of the
UHF satellite channel

[cCIR, 1978-82a, b, c] [CCIR, 1986-90a]

1. Introduction

Satellite sound broadcasting to portable and mobile receivers is
different in several respects from its terrestrial counterpart. On the other
hand, there are some similarities with satellite land-mobile communications.

Previous studies by the EBU [CCIR, 1978-82d] and the United States
[CCIR, 1978-82e] considered specific examples of link budgets and link margins
for certain angles of elevation, conditions of reception and other parameters.
Two specific methods have been suggested and various aspects are analyzed and
compared in section 3 of this annex.

The recent experiments have shown substantial agreement with the signal
power distribution functions for large and small area (see section 2). In the
light of the European experimental programme [Jongejans, 1986] , a new composite
propagation model is proposed. This model combines both the small area
Rice/Rayleigh probability function and the large area log-normal probability
distribution. :

The design of suitable modulation systems for the type of broadcasting
service will rely on propagation statistics relating to time-delay spread and
correlation bandwidth of the transmission channel. These concepts, together with
other related topics, have not been previously discussed in Report 955; they are

now presented in section 4 of this annex, together with the recent experimental
data.

2. Propagation models

The probability distribution functions relevant to the reception of
satellite signals were found to correspond to a number of statistical
distribution models related to the specific environment. These distribution
models are generally different in so-called "small areas" and "large areas".
The former are usually defined as locations extending over a number of
wavelengths (for example over 40 wavelengths resulting in a distance of about
10 m). The latter extend over several small areas.

2.1 Large area distribution function

On large areas, it has been found experimentally [Guilbeau, 1979; Hess,
1980; Lutz, 1986, Jongejans 1986}, that the probability distribution function of
the mean received signal power takes the log-normal form:



where:
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PN (So; p,0) = (K/(S5 o)) exp [(—1/2) <(LSo ;-z-t)/a)z}
(1)

K = 10/(/ 2n1nl0)

So(W): mean received signal power over a small area;

S£(W): mean received signal power over a large area under free space
propagation conditions;

Lgo(dB) = 10 log(So/gf, level of So relative to free space level;

#(dB) = mean of Lg, over a large area;

o(dB) = standard deviation of Lg, over a large area.

In equation (1), the mean value and the standard deviation are both expressed in

terms of dB, relative to the free-field power level, in order to facilicate comparison
between the theoretical model and measured data.

The large area model given above was experimentally verified and confirmed by
[Lutz et al, 1986] and [Jongejans et al, 1986]. Using the same notation as in equation
(1), the following parameter values were measured (see Table XVII).
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TABLE XVII -~ Measured large area parameters for various environments
Environment Antemna pgh(dB) ogp(dB) CF  p1os(dB) (C/M)105(dB)
Urban c3 -10.7 3.0 0.60 -1.8 3.0

D5 -12.2 4.4 0.78 -4.9 9.3
Sé -12.9 5.0 0.79 -5.2 11.9
c3 -9.3 2.8 0.59 -2.7 9.9
Woods D5 -5.3 1.3 0.54 -1.8 10.7
Sé -5.8 1.1 0.56 -2.1 12.9
Highway c3 -7.7 6.0 0.25 -0.4 11.9
Sé -7.0 4.8 0.23 -0.6 18.3

where:
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bsh(dB) : # in shadowed areas,

# 1os(dB) : p in non-shadowed (line-of-sight) areas,

ogh(dB) : standard deviation of S, in shadowed areas

CF - : clutter factor, defined as the proportion of the time for
the direct path being obstructed assuming a constant vehicle
speed

(€M) 10s(dB) : ratio of direct (carrier) signal to the diffuse mdtipath
power in non-shadowed (line-of-sight) areas

Cc3 : hemispherical pattern, 3 dBi gain

D5 : toroidal pattern, 5 dBi gain

sS6 : toroidal patterm, 6 dBi gain

Several points may be deduced from Table XVII:

The measured average power levels in shadowed areas are very much less than those in
non-shadowed areas in the same -envirorments; for example, in urban zones the additional
atteruation due to shadowing may be as high as 9 dB, in the woods 6.5 dB and on
highways 7 dB. It follows that the main problem in providing a service is to overcome
shadowing effects.

The influence of the type of the receiving antemma seems to be quite significanc
especially on the ratio between the direct component and the multipath power in the
non-shadowed areas.

In urban areas, the shadowing loss is proportional to the antenna gain.
Standard deviation, ¢, and C/M ratio are proportional to the anterma gain. This last
fact:may be significant in the design of digital modulation systems for reception in
urban areas.

In the European experiment simulation of the satellite transmission
conditions were created by positioning the transmitting antenna on the Eiffel
tower "in Paris and measurements were made at a frequency of 839 MHz and for an
average elevation angle of 25° [Guilbeau, 1979]. From this reference one can
extract the parameters for equation (l). Table XVIII lists these parameters
together with the values predicted from US data for the frequency of 839 MHz and
an €levation angle of 25°. The values of the PROSAT expriment are derived from

Table I1.
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TABLE XVIII

Urban zone
Parameters of log-normal Average | Obstructed Direct
distribution for urban areas visibility | visibility
u (dB) Guilbeau -7.5 -11.5 -0.7
(USA) -6.3 -10.1 -2.6
PROSAT  -6.3 -10.7 -1.8
6 (dB) Guilbeau 3.2 2.9 2.0
(USA) 3.7 4.3 3.1
PROSAT - _ 3.0 -

From this table it can be seen that reasonable agreement exists between
the three experiments.

Measurements made with the ATS-6 satellite in the United States [Hess,
1980] provide values for U and O for different areas under different receiving
conditions. From the above reference a simple method for the assessment of p and
6 can be derived as follows:

B = -[A+1.93 f£-0.052 §) : (2)

‘e =1/2 [B + 0.053 £ + 0.040 §) o (3)

where the parameters u, 6, S, and S are defined in Equation (1), and
f: frequency (GHz)

8: elevation angle (degrees)

Values for 4 and B are given in Table XIX for different receiving conditions. In the Table direct visibility
indicates instances where the streets in the urban area are running parallel to the satellite azimuth and obstructed

visibility is on streets running perpendicular to the satellite azimuth combined with the unfavourable side of the
street.
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TABLE XIX
Urban zone Suburban/rural zone
Average | Obstructed Direct Average | Obstructed Direct
visibility | visibility visibility | visibility
A(dB) | 6.0 9.8 _ 2.3 . 1.1 5.1 0.5
B(dB) } 6.4 7.6 5.2 1.1 2.4 -

These values were partially derived from [Hess, 1980] by extrapolating
with the assumption that sensitivities were 0.1 dB/percent for rural and
0.2 dB/percent for urban areas, below the specified 90% coverage level. They
were confirmed by the European experiments [Lutz and Jongejans,l986] for urban areas
and woods. However, this modelling does not seem to be appropriate for the non-
shadowed highways.

2.2 Small area distribution functions

The recent European [Jongeans,1986] and United States’' data indicate
that the small area behaviour of the received signal can be modelled by a Rician
distribution (constant vector plus Rayleigh distributed vectors),

If the ratio of direct signal power C to the diffuse multipath signal
power M is deroted as CM, the ervelope probability distribution in an isolated
small area is given by equation (4):

P(r) = (M (oP (-x2/24 - CM) « I, [r J M) ' (%)

The parameter C/M is important as a measure of fading characteristics®
of the channel. If C/M is high, the envelope probability distribution p(r)
approaches a Gaussian distribution with mean /_E and standard deviation /M. If
C/M is low, p(r) approaches a Rayleigh distribution since: the modified Bessel
function of first kind zero order

Is(z) - } 228220 (a2 - 1+ 224 + ...

o
approaches 1 as z approaches 0. 2
The corresponding probability density of y = — 1is given by:
rl
PROY) = (C/M + 1) exp [-y(CM + 1) - CM] + Io [2/5CL + CADCAH) ®

where:

y = t2/22 = 15,

* The time intervals with received power level below a certain threshold are called
fades.
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The level crossing rate (ILLR) at the level V is given by equation (6):

b .
LCR = —— Pp(V) R (6)
J2r R
where pr(V) is the emvelope of the Rice probability density function at the value V, and b
is the function of magnitude and the frequency content of the multipath reflections:

be=2nx? de . M, where By is a Doppler spread.

Equation (6) shows that the level crossing rate and probability density function
are closely linked. Therefore, the parameter C/M of pgp(y) can be determined through the
measurement of LCR. -

The average fade duration (AFD) at the level V is given by:

v
AFD = (1/LCR) [ pp(r) dr , )
[o]

AFD is an important factor in designing a digital transmission system
which should be designed in such a way that it overcomes long fades using a
complex interleaving system.

The validity of the Rice model has been demonstrated by the
PROSAT experiment on the basis of a composite log-normal — Rice mode
(see §2.3). :

Some typical average values of C/M for non-obstructed visibility
are given in Table XVII (see §2.1). Since C/M is the only parameter pr(y)
given by equation (5), the Rice probability function pgr(y) is fully
characterized if C/M is known.

In /jongejans, 19867 some typical values of LCR and AFD at mean
envelope level are given for vehicle speed 30 km/h. They are reproduced in
Table XX Dbelow: :

TABLE XX - The LCR and AFD values in different environments

LCR (Hz) AFD (ms)
Open area 30 . 20
Suburban 14 40
Rural ' , 16 33
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2.3 The combined propagation model

European researches {Jongejans, et al, 1986] and [Lutz, 1986) concluded that the
probability density functicn of the received power should combine log-normal and Rice
(Rayleigh) distribution-in order to take account of both large-area variations and small-
area variations. The distribution of instantaneous values in a small area is obtained by
considering a Rice or Rayleigh variable whose mean value is itself a random variable
having a log-normal distribution. The combined distribution of the received power S may be
described as shown in equation (8)?

s, s, )
P(S) = CF f P, (S,50) P(p(S0) dSo +(1-CF) f P(S.50) P1a(S0)dSo (8)
where:
So : average received signal i:ower over snall area (So =C+M)
p(S) : combined distribution density function of the instantaneocus received

power in a small area
P (S,S0) : Rayleigh distribudon over obstructed (shadowed) small areas

Py N (So) : distribution of mean power of small areas disaributed over a large area
Sm : maximum obstructed power over a large area concerned
PR (S,50) : Rice distribution over nobstructed (renshadowed) small areas

SM : Maximum line of slight power over a large area concermned

CF : clutter factor, defined as the proportion of the time for the direct
path being obstructed assuming a constant vehicle speed.

Figures 52) and 5b) show complementary cumulative probability distribution fimctions
of the normalized received power on highway and in city enviromments [Lutz et al, 1986].
The two figures are plotted on a Rayleigh scale.. The full lines represent the theoretical
chammel model. Statistics of the recorded chammel obtained by the measurements are
designated as dots. '

Three parts of the curves can be distinguished. At low values of the received
power, the curve slope approximates the slope of the straight diagonal line which
- corresponds to a Rayleigh distribution; thus this part of the curve has clearly Rayleigh
characteristics. At high values of received power, the slope of the curve indicates a
Rice distribution; on highways, the Rice law is followed in 80% of small areas
whereas in city enviromments it applies in 20% of small areas. The central part of the’
curves follows a log-normal law.

Similar results have been obtained [Jongejans et al, 1986]. They all demonstrate
very ;good compliance between the theoretical models and the measuring results.
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FIGURE 5- Complementary cumulative probability dis<ribution function of received power
[Lutz, 1986]

a: Highway, anterma S6 -
b: City, antenna Sé

3. Link margins

For a satellite sound-broadcasting system, the link margins must be carefully specified — they should be
neither optimistic nor. pessimistic. A optimistic estimate will result in the service quality objective not being met,
whereas a pessimi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>