The increase in CD sales is the direct result of the tremendous
acceptance of CD players in consumer homes. Compact Disc players
now inhabit 19% of U.S. homes with penetration increasing on
declining unit prices. The following chart displays the historical
growth of compact disc players:

COMPACT DISC PLAYER SALES (ESTIMATED)
(in thousands)
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One of the reasons cassette tapes have remained a popular medium
is because it has the capability of being played and recorded on. Once
the copyright problems surrounding the introduction of Digital Audio
Tape (DAT) recorders have been solved, it is widely anticipated that
cassette tapes will suffer the same destiny of vmyl records and be
replaced by a digital device.

Listening audiences are demanding the same type of high quality
sound from the radio broadcasting industry. However, due to the
inherent limitations of existing radio transmitting means,
broadcasters are ill-equipped to respond to the demand of their
audiences. AM and FM bands are plagued with congestion and
interference. Normal FM radio transmission is an analog process
which is limited to 15 KHz audio bandwidth and subject to noise and



distortion caused by atmospherics, signal processing and multipath
reception effects. Good stereo reception is practically impossible
in cars where reception suffers dramatically from multipath
propagation.

The demand for and unavailability of CD quality radio has been
recognized by the cable industry. Three companies are now offering
digital radio systems which will provide cable customers with high
quality, commercial-free music delivered to their home stereo
systems. The service will cost between $8 and $10 per month. The
companies involved are:

Company Lvi
International Cablecasting CcD/8
General Instrument Digital Cable Radio
Digital Radio Lab Digital Radio Channel

According to a National Association of Broadcasters document, the
companies expect to reach a 10% penetration of the 52 million cable
households within the next 2 to 3 years. Research conducted by A.C.
Nielsen suggests that about 14% of cable households surveyed are
"very likely" to subscribe to the Digital Radio Channel service at
$7.50 per month. Digital Radio Labs is affiliated with HBO and
Viacom which indicative of broad support for the service. In addition
to the monthly service fee, the DRC system costs about $2,000 to
add a cable headend which the customer will have to purchase or
lease.

The radio industry itself has established a precedent for the
acceptance of advanced sound quality. With the introduction of FM
radio, AM broadcasters have progressively attracted smaller
audiences. The FM radio band is located in a higher frequency band
than its AM counterpart and is therefore less susceptible to static,
fading and background overlapping than AM transmissions. The
following chart demonstrates the relative AM and FM audience
shares over the past 16 years:
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It is therefore clear that listening audiences understand and respond
to the quality of digital sound. When it first became available in the
form of compact discs, they were prepared to purchase another
component for their home stereo systems and pay roughly twice the
price of vinyl records for the compact discs themselves. Focusing on
radio, consumers are paying a service fee to cable operators for
digital sound as an alternative to the free analog transmission
provided by current broadcasting means. Radio broadcasters are thus
finding it increasingly difficult to contest in today's competitive
marketplace with yesterday's technology.

CD Radio, Inc. (CDR) can provide the bridge between the listening
public’'s demand for greater sound quality and the radio broadcaster's
inability to deliver it. A revolutionary technology has recently been
developed which will allow radio listeners to receive compact disc
quality sound at home and in their cars. The technology is called
Digital Audio Broadcast and has been successfully demonstrated
both in Europe and the United States. CDR is laying the foundation to
bring DAB to commercial application.




THE MARKET

The CD Radio system essentially provides the radio broadcaster with
two dramatically innovative features:

0 the ability to broadcast radio programming with compact
disc quality sound,

0 the ability to reach a national or international audiences
with the superior signal.

To the listener, the attraction of compact disc quality radio is
obvious. It has already been demonstrated that consumers are

willing to extend themselves for high quality sound and the CDR
system is the next logical step in meeting their requirements. The
attraction of a national radio broadcast may not be as obvious, but it
is certainly one with precedent.

System Users

National television broadcasting is a time-honored enterprise in the
United States. National networks have long dominated the delivery of
television programs to the American public. Radio stations have been
incapable of reaching national audiences because of technological
limitations and consequently have had to forfeit significant
revenues related to national ad campaigns.

By utilizing the CDR system, a radio broadcaster realizes economies
of scale not available to the typical local station. In reaching a
national audience, the system user will be able to spread
programming costs over a significantly larger base which in turn
will allow the broadcaster to increase its station's programming
budget. The national broadcaster will be able to present such
programs as concert appearances by famous rock musicians, sporting
events such as the Super Bowl or World Series, and radio "name"
personalities like Larry King which until now have been out of the
reach of local station operators. In addition, with a national
infrastructure, the broadcaster will be able bring immediate news,
financial and political developments directly to its audiences. With
- this type of high profile programming, the radio broadcaster will be



able to garner the same type national recognition as television
studios through its own particular format.

The broadcaster will realize other significant operating efficiencies
in addition to programming. The following schedule presents a
comparison of typical operating results for radio stations operating
in large and small markets, respectively:

Radio Station

Radio Station in Market
in Market with Population
with Population Between 500,000
Over 2.5 Million and 1,000,000
(in thousands) (in thousands)
Revenues:
Network 225 23
National/Regional 2,667 485
Local 8,095 1,601
Total Time Sales 10,987 2,109
Net Revenues 9,406 . 1,841
Expenses:
Technical 444 85
Programming/Production 1,747 - 342
News 460 65
Sales 1,373 398
Advertising/Promotion 1,076 186
General /Administrative 1,229 400
Total Operating Expenses 6,329 _ 1,476
Operating Profit 3,077 365

Profit Margin 32.71% 19.83%

Source: Broadcast Investment Analysts, Inc.



Operating margins are highest in larger markets due to the fact that
radio broadcasting is generally regarded as a fixed-cost enterprise
with sales commissions normally being the only material variable
cost. Because of the high ratio of fixed to variable cost, stations
operating in the largest markets and generating the highest revenues
will consequently experience the highest margins. This factor makes
the CD Radio system a very attractive vehicle for potential
broadcasters by covering national or international populations.

Acquisition prices of radio station are closely related to the size of
the population they serve and the economic activity of the area.
These factors determine the size of the potential listening audience
and the advertising revenues that support the local station. Radio ‘
stations in larger markets are generally more profitable or have
more upside potential than stations in smaller markets. Thus, prices
paid for stations in larger markets are typically higher than those
for comparable stations in smaller markets. The following chart
illustrates average prices for stand-alone FM facility sales during
the period from 1986-1987:

Average Sales Price for FM Radio Stations,1986-1987
(in thousands) :
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As the chart demonstrates, the value of radio stations is closely
related to the size of the market in which it is located. As the CDR
system has the capacity of delivering a national or international
audience, only a little imagination is required to comprehend the
resulting value to a well managed programming entity.

The potential users of the CDR system are numerous. First and
foremost will be local stations seeking to become national
~"superstations”. Television networks and cable companies with
programming experience are also likely candidates. In essence,
almost any media distribution company, including newspaper and
magazine publishers could emerge as national broadcasters on a very
profitable basis.

Advertiser

Commercial radio stations earn the majority of their revenues from
the sale of airtime to advertisers. There are generally two
classifications of advertising revenues: national and local.
Historically, local advertising has comprised the majority of a
stations' overall revenues. The following diagram displays the
various components of a typical radio station's advertising revenues
operating in a large market:



Advertising Revenue Sources
in Large Markets
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Source: National Association of Broadcasters

Companies seeking to market products and services through mass
communication mediums have concentrated on television as a means
of reaching potential customers. Radio broadcasters have never
gained the full attention of national advertisers primarily as a
result of technological and logistical problems. Radio is
unquestionably the most fragmented of all mediums in the broadcast
industry. Today there are approximately 9,000 commercial radio
stations operating throughout the country. Attempting to coordinate
a national ad campaign among the vast number of stations has proven
to be an overwhelming exercise.

In placing radio commercials on individual stations, national
advertisers have normally utilized the services of large advertising
agencies. The advertising firm will purchase "spot time" from the
stations to air the commercials. It is the responsibility of the
advertising firm to place the commercial on particular stations
which will most effectively reach the client's target market. For
this service, the firm will receive a commission from the radio
station for selling the air time and also a fee from the advertiser



for placing the ad which serves to significantly increase overall
marketing costs.

Verifying performance of radio ads is cumbersome and uncertain at
best. For the most part, verification is in the form of signed
affidavits which creates a tremendous clerical burden in tracking
paperwork. In addition, as the advertising firm is responsible for
placing the ad on local stations across the country, effectiveness
and therefore cost justification is difficult to determine.

A national broadcaster using the CDR system will solve a multitude
of problems previously experienced by national radio advertisers:

o by centralizing radio advertising with one national
station, an advertiser will greatly reduce the logistical
inefficiencies of verification,

o consumer response to radio advertising will be far
easier to monitor by focusing on one station rather than
numerous independent stations,

0 a national advertiser's in-house marketing staff will for
the first time be able to contract with a single
broadcaster for commercial time. As a result, significant
efficiencies will be realized in eliminating the
advertising firm's fees for placing radio ads thereby
reducing overall marketing costs. Lower marketing costs
will in turn attract additional advertisers serving to
expand the national radio advertising revenue base.

A national radio broadcaster can provide an advertiser with an
effective alternative to television. The comparable cost of
television advertising greatly exceeds that of radio. With the
technological and logistical drawbacks of national radio advertising
being solved, companies are sure to rethink their commercial
delivery strategies.

Radio advertising will offer marketing benefits which television

~ cannot duplicated. Radio broadcasting delivers audiences largely
unreachable by television such as individuals in cars and outside
their homes. According to the National Association of Broadcasters,
~current FM audiences can be segregated as follows:
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As the diagram indicates, approximately 57% of FM audiences listen
to radio away from home where the overwhelming majority of
television viewing takes place. A broadcaster on the CDR system
will provide the national advertiser with an effective means of

reaching these audiences.

A company advertising on television can incur excess marketing
costs as a result of most TV programming being directed towards
the public at large, some of which may be out of the advertisers
specific target market. Consequently, the advertiser is paying a
premium to reach an unresponsive portion of the audience. With up to
100 channels of CDR system programming available in markets

throughout the world, an advertiser will be able to identify

effectively and economically the audience its wishes to reach
through a process in radio broadcasting known as narrowcasting. In
narrowcasting, programming is geared to the specific tastes of a
homogeneous groups with similar interests. These groups can be
identified in age, gender or ethnic segments. Examples of segments

would be Hispanic communities, elderly, financial/business

audiences, etc.. There are an average of six television stations per

market operating throughout the country. For the most part,

television stations offer little diversity in overall programming to




viewers of various backgrounds because they must appeal to a much
broader audience. With 100 channels of CD Radio available in every
market, certain national broadcasters will have the flexibility to
tailor their program material specifically to the preferences of
their target audiences. Narrowcasting on a national basis could
enable the broadcaster to reach massive audiences with high quality
program material not available on a local level and also allow the
advertiser to efficiently manage its marketing budget.

ntitative Analysi

While national advertisers certainly have not fully utilized radio in
their marketing strategies, they have not ignored it either.
According to the Radio Advertising Bureau, national advertisers have
spent well over a billion dollars in radio advertising in each of the
past three years:

1989 . $1,530,000,000
1988 $1,402,000,000
1987 $1,315,000,000

Multiplying the 1989 total by the average annual increase of
approximately 8%, the current year national advertising total should
be in the $1.65 billion range. Based on the revolutionary capabilities
provided by the CD Radio system as discussed in this document, it is
reasonable to conclude that future national radio advertising
revenues will reach historic levels. The following schedule
approximates future revenues for users of the CD Radio system:



Approximte existing national radio advertising 1,600,000,000

Estimated growth factor 150%
Estimated anuual national advertising -2-, 4 O E) , 0-0-0., 0 0 0
CD Radio Pénetration 50%
Available revenues N 8 E) E) , 0-0-0-, 0 0 0
Number of CD Radio channels 200
Revenue per channel o :1,-0.0-0-, 0 00

The potential future revenues available to the CD Radio system users
can be even greater. As already pointed out, the advantages of a
national radio broadcast will cause businesses marketing their
products and services country wide to review overall marketing
strategies. This situation will surely expand radio advertising
revenues making national radio broadcasting a very profitable
venture.
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Appendix 2

Propagation Analysis for Satellite
Sound Broadcasting Systems
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APPLICATION OF CODING AND DIVERSITY TO

UHF SATELLITE SOUND BROADCASTING SYSTEMS!

~ John E. Miller

J ORI, Inc.
V Landover, MD 20785

ABSTRACT - Souad broadcasting to fixed, portable, and vehicular receivers
using transmissions from geostationary satellites has been under study in
several countries since the late 1970s. The early studies were undertaken in
preparation for the 1979 General World Administrative Radio Conference in
anticipation of securing a frequency allocation for the service somewhere in
the portion of the radio frequency spectrum extending from 500 MHz to 2000
MHz. Thesc studies assumed the use of analog frequency modulation
techniques and simple receivers, assumptions that led to feasible designs for
systems that would provide a medium quality service to fixed, portable, or
vehicular receivers operating in environments having little shadowing of the
line-of-sight propagation path from the satellite. However, link margins of 30
dB or morc were required for urban paths experiencing beavy shadowing.
With margins of this magnitude, the practicality of a satellite sound
broadcasting system was questioned as the required satellite c.i.r.p. increased
to over 80 dBW per channel. '

This paper presents the results of a study of alicrnative means by which to
reduce the required link margins in a satellite sound broadcasting system,
thus improving the cconomic feasibility of the service and increasing the
possibility of sharing a radio frequency allocation with terrestrial services.
Propagation models are presented that account for the effects of shadowing
and multipath in the operating environments.

Comparisons are made of the performance that results using time, frequency,
and spacc diversity to moderate the effects of shadowing and multipath for
vehicular and portable reccivers. It is shown that spacc diversity has the
_roadest applicability in restoring the channel performance that would
™\ erwisc be degraded by Rayleigh fading channels and by quasi-stationary
)NGN channels.

The use of space diversity minimizes the effects of Rayleigh fading over the
vehicular propagation path in rural, suburban, and urban environments
without requiring all receivers to use space diversity in order o receive the
sound cbannel. Thus, a satellite sound broadcasting system designed around
the use of space diversity permits the design and manufacture of an
assortment of less complex and less expensive consumer receivers containing
only those features nccessary for proper operation in the environment for
which it is intended. Space diversity may easily be applied to vehicular
receivers, as well as portable reccivers, and used with either simple analog
FM systems or with the more complex digital systems.

Example link budgets arc given for candidate satellite sound broadcasting
system designs that use analog FM and digital modulation techniques. On
the basis of the relative satellite transmitter power required and the flexibility
required to design a receiver that operates satisfactorily in its intended
environment, space diversity provides the most cost-effective means by which
to implement a satellite sound broadcasting service that uses either analog
FM or digital modulation techniques.

L INTRODUCTION

There is international interest in developing a satellite sound
broadcasting service in which medium- to high-quality sound
programs transmitted from a geostationary satellite may be
received by the general public possessing consumer quality
fixed, portable, and vehicular receivers. Studies assessing the
general feasibility of the service, the range of preferred system
“‘) ameters, and the preferred operating frequency band date

-

1. This work was partiatly supported by the Voice of America.

back to the early 1960s. The timing of these studies tend to
coincide with preparations for international administrative
radio conferences that are competent to allocate portions of
the spectrum to the service. Suffice it to say that after a series
of such conferences, there is yet to be spectrum allocated for
satellite sound broadcasting. The latest round of studies began
about 1977 in preparation for the 1979 General World
Administrative Radio Conference (WARC-79) and has
continued as two succeeding conferences have dealt with the
issue [1]-[6].

Several administrations submitted proposals concerning
satellite sound broadcasting to the WARC-79. The
Conference considered these proposals and, though unable to
make a suitable allocation to the service, did adopt Resolution
505, which [7]: a) encouraged administrations to carry out
sound broadcasting experiments within the band 0.5 GHz to
2.0 GHz; b) requested the CCIR to expedite studies of the
technical and operating characteristics of the service and the
feasibility of sharing with terrestrial services; and ¢) authorized
he next competent WARC to take appropriate actions
‘egarding an allocation for satellite sound broadcasting,
including the possible development and approval of procedures
to protect and re-accommodate in other bands assignments to
stations in the terrestrial services that may be affected by
allocations to a sound broadeasting service.

The 1985 WARC-ORB(1) (a conference concerned with the
geostationary satellite orbit and the services utilizing it) was
the next competent WARC to consider the satellite sound
broadcasting question. It decided that further studies by the
CCIR were required and deferred the question of an allocation
to the second session of the Conference (WARC-ORB(2)),
which was held from 29 August to 5 October 1988.

WARC-ORB(2) considered both the results of the CCIR
studies and a proposal submitted by one administration. The
Conference decided, in Resolution COMS/1, that the
possibility of an allocation to the Broadcasting-Satellite Service
(Sound) (BSS (Sound)) should be considered at a future
allocations conference dealing with the mobile services
(including the mobile-satellite service) and with frequencies in
the range 500 MHz to 3000 MHz This conference will
probably be scheduled for 1992. Thus, definitive regulatory.
action on an international scale must await the next allocations
conference.

The technical studies referred to above, plus studies
summarized in CCIR Report 955-1 (8] (which is devoted to
satellite sound broadcasting), assume the use of analog
frequency modulation (FM) sound transmission techniques
with characteristics comparable to those used in conventional
VHF/FM broadcasting service. Adopting this technology

0018-9316/88/1200-0465501.00 © 1988 IEEE
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permits the reception of satellite sound broadcasts by the.

addition of a simple, low-cost frequency converter to the front
end of a conventional VHF/FM receiver.

“~'e I (from [8]) provides a summary of the technical and

/E'ating characteristics of relatively simple FM satellite
sound broadcasting systems required to provide four different
grades of service to vehicular receivers. The standard "A"
service referred to in the table applies to a rural area with a
relatively high elevation angle of 70°. The margin is based on
ensuring that the receiver threshold is exceeded over at least
90% of the area.

Standard "B" applies to an urban area receiving at a relatively
low elevation angle of 20°. The margin is sufficient to ensure
that the vehicular receivers will operate above threshold over
90% of the area.

Standard "C" also applies to reception in an urban area at a
relatively low elevation angle. In this case the margin is such
that the vehicular receiver will be operating above threshold
for 90% of the time over 90% of the area.

Standard "D" also applies to reception in an urban
environment except that the margin is set such that the
vehicular receiver will be operating above threshold for 90% of
the time over 95% of the area.

The studies referenced above have generally concluded that
currently available satellite technology is capable of providing
a satellite sound broadcasting service given an appropriate

™ ation in a portion of the spectrum extending from about

/MHz to 3000 MHz. However, as shown in Table I, simple
analog FM systems (and by extension, simple digital systems)
require a rather high satellite e.i.r.p. to serve reliably the
vehicular receiver with only a moderate quality sound
broadcasting service. The need for high power increases the
cost of the satellite and decreases the possibility of sharing an
allocation ~ with  terrestrial  services. However, the
implementation of coding and diversity techniques can mitigate
these problems.

The purpose of this paper is to examine the use of coding for
digital sound transmission techniques and the use of diversity
techniques for both analog FM and digital transmission
methods. Using coding and diversity, where appropriate, will
(6]:

a) reduce the e.i.r.p. required from the satellite, thus
reducing the cost of the satellite, :

b) reduce the effects of fading on the sound quality
produced by fixed, portable, and vehicular receivers, and,

, ¢) permit reduced spectral power flux density on the
sufface of the earth, thus facilitating sharing between the BSS
(Sound) and terrestrial services. .

-independent Rayleigh- distributed variate.

I PROPAGATION FACTORS

This section describes the propagation factors affecting the
design and performance of the example system designs given in
Section V.

Service to receivers in three operating environments are
considered in Section V: Case 1) a portable receiver operating
inside a house that is not shadowed by trees; Case 2) a vehicle
operating in a rural environment that is devoid of significant
multipath and shadowing by foliage, and Case 3) a vehicle
operating in a rural environment that exhibits significant
multipath and shadowing by foliage. Each of these
environments  exhibits a somewhat different type of
propagation path.

A. Fixed and Portable Receiver Propagation Factors

For fixed and portable receivers operated within houses or
other types of buildings (Case 1), allowance must be made for
absorption and scattering of the signal due to walls, ceilings,
and roofs [5]. Measurements of the mean signal within single
family dwellings were made at 860 MHz, 1550 MHz. and 2569
MHz using the Application Technology Satellite 6 (ATS-6).
These measurements have shown that the penetration loss is a
function of frequency, receiving antenna polarization,
construction of the house (wood siding or brick veneer), the -
extent of thermal insulation within the house (ceilings and
walls), and the proximity of the room to an outside wall [9].
Penetration loss was found to be virtually independent of
elevation angle down to S degrees for paths not obstructed by
trees or other buildings. The distribution for the penetration
loss for each type of house was found to be closely
approximated by the normal distribution with a standard
deviation (including the random measurement error of about
1.5 dB) of 3 dB.

For the portable radio example analyzed in Section V, it is
assumed that the receiver is operated in an inside room of a
fully insulated brick veneer house. For an operating frequency
of 1000 MHz, the mean penetration loss is 8 dB. To account
for the Variability in 90% of the houses of this type, an
additional 4 dB is added. The resulting 12 dB excess path loss
applies to houses of the particular construction assumed, which
is assumed not to be shadowed by other buildings or trees. For
houses with interior walls and ceilings constructed using
gypsum wallboard backed by aluminum foil, the average
penetration loss will increase to over 17 dB. Similarly, for
houses surrounded by large trees, an additional loss of 12-15
dB at 1000 MHz is appropriate.

B. Vehicular Receiver Propagation Factors

Impairments on the propagation path between the satellite and
the vehicular receiver can affect the system performance in a
significant way. Early measurements made using ATS-6 [10]
indicated that the small-scale variations in the signal power
received by a vehicle (i.e., as measured over distances of
several hundred wavelengths) could be statistically
characterized by the sum of a constant signal and an
The probability
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density function for the envelope of the sum of these variates is
given by the well-known Rician distribution. Over a large
distance (i.e., a distance in excess of several hundreds of
wavelengths) it was found that the distribution of the mean
¢ of the received signal power could be approximated by
- log-normal density function. The log-normal variate
accounted for the mean variation in the line-of-sight (LOS)
signal due to foliage and building attenuation: the Rayleigh
component accounted primarily for (he effects of diffuse
scattering from the ground and aearby objects. Recent
Measurements confirm the general validity of this model
(11]-[{13]. '

Propagation data taken at about 800 MHz in a rural area from
3 simulated satellite-to-mobile link are shown in Figure 1.
These data were taken at an elevation angle of 15 degrees
along roads with clear LOS paths (curve d) and with paths
obstructed by foliage (curve b) (14]. Also shown on the figure
are two curves corresponding to the Rayleigh distribution with
2 10 dB mean excess Path loss (curve a) and the Rayleigh
distribution with 0 dB mean excess path loss (curve ¢). For a
lightly shadowed path (curve d), the Rayleigh curve provides a
very conservative lower bound on the fading statistics.
However, for a heavily shadowed path (curve b), the Rayleigh
curve provides a very adequate characterization of the fading
statistics. Therefore, the Rayleigh distribution with a suitably
selected value for the mean excess path loss provides a
practical lower bound on the statistical distribution of the
envelope of the received signal.

Rased on the discussion above, the channel model used to .
Jare the link budget given in Section V for a portable
-ceiver operating inside a single story house is the additive
white Gaussian noise (AWGN) channel with an excess path
loss of 12 dB. Similarly, the link budgets for vehicles operating

/in a rural environment are based on the Rayleigh fading

channel model. For a rural environment that is essentially free
from shadowing of the LOS path by trees and other foliage
(Case 2), the mean excess path loss is 0dB. For rural areas
with significant LOS shadowing by trees and foliage (Case 3),
the mean excess path loss is 10 dB.

IIl. FORWARD ERROR CORRECTION CODING

The use of forward error correction coding (FEC) affords a
means by which to reduce significantly the required e.i.rp. for
digital satellite sound broadcasting systerms. “Using FEC
improves the possibility of deploying a more economical
satellite and increases the Possibility for sharing an allocation
to the BSS (Sound) with terrestrial services. A rate 1/2,
constraint length 7 (R=1/2, K=7) convolutional code
combined with a decoder using the Viterbi maximum
likelihood decoding algorithm (VA) offers a significant coding
gain when compared to the performance of an uncoded digital
link using quadrature phase shift keying (QPSK) modulation
and coherent detection.

Jmparison of the bit error ratio (BER) for a coded and an
-oded link is shown in Figure 2. Curve (a) applies to a
memoryless Rayleigh fading channel employing an R=1/2,

K =7 convolutional code, QPSK with coherent detection, and

. parallel data transmission technique.
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soft decision decoding using the Viterbi algorithm. Curve (b) is
the BER that would be realized over the same link in the
absence of coding. As shown in the figure, the code will
provide in excess of 36 dB improvement in Performance over 3
memoryless Rayleigh fading channel when compared to an
uncoded system at a bit error ratio (BER) of 105 [15]. This
same configuration will provide a coding gain at a BER of 105

AWGN channel. Achieving a coding gain of 36 dB using
convolutional coding and Viterbi decoding is critical to
providing a quality sound Program service 1o the vehicylar
receiver without requiring excessive e.i.r.p. margins on the

. link. Coding is not as eritical 1o the performance of the

IV. DIVERSITY TECHNIQUES

The performance realizable with coding on the fading
vehicular channe] is dependent on the statistica| characteristics
of the fading. On channeis where the fading rate is much less
than the symbol rate, the received signal leve] s essentially
constant for the duration of the symbol. Consequently, the
received symbol energy of adjacent symbols wil] tend to be
identical, a condition that does not meet the requirement that
the channel be memoryless in order to realize a coding gain of
36 dB. If the channel is not memoryless, there is a catastrophic
increase in the BER of high-performance convolutional codes
when the channel is in a deep fade. There are three primary
diversity techniques capable of lessening the effects of deep
fades: 1) frequency diversity, 2) time diversity, and 3) spatial
diversity. These methods are briefly described below.

A. Frequency Diversity

Frequency diversity uses M carriers, each carrying the same
information, spaced in frequency by an amount that equals or
exceeds the coherence bandwidth of the channel. A variation
of the frequency diversity technique is being studied by the
European Broadcasting Union (EBU) for possible application
to a digital satellite sound broadcasting system [ 19),[20]. The
method being studied by the EBU is orthogonal frequency
division multiplexing (OFDM) [21), which is essentially a
The approach being
implemented by the EBU also uses sub-band coding to achieve
a bit rate of 250 kbit/s or less per stereo program, a rate 1/2,
constraint length 7 convolutional code, 16 carriers per sound
program, and QPSK to modulate each carrier. The symbol rate
per carrier is 16.625 kBaud with 250 kHz spacing between
carriers belonging to the same program. Fifteen other sound
program channels are interleaved with this channel, resulting
in a total of 256 carriers spaced 15.625 kHz in a total
bandwidth of 4 MHz to transmit 16 sound programs [20].

To obtain independent fading of the carriers with the use of
frequency diversity requires that the delay spread of the
channel exceed some minimum value. For a. channel
characterized by an exponential distribution of the delay
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(typical of a terrestrial path), the mean value of the delay
spread must be greater than the reciprocal of the program
carrier spacing [22]. If this minimum value is not realized, then
fading on the channel will tend towards flat fading, and the
T ! coding gain will be less than expected. For this reason;
‘} -ency diversity is most suitable for use in heavily shadowed
4ivan areas where the mean delay spread will be the greatest.
The mean delay spread in a rural environment will be less than
that of an urban environment. Measurements on a simulated
space-to-Earth path in a rural environment indicates that the
coherence bandwidth is in excess of 4 MHz (implying a mean
delay spread on the order of 0.25 us) [23]. By comparison, the
mean delay spread on a terrestrial path in an urban area is on
the order of 1.3 us [22]. Consequently the spacing of the
carriers used for frequency diversity must be greater in a rural
environment.

B. Time Diversity

The second method is based on time diversity. One means by
which to implement this technique for a digital system is to
interleave the transmitted symbols and to deinterleave the
received symbols in a prescribed manner [24]. By introducing
a sufficient amount of delay in the interleaver, symbols that
were adjacent prior to interleaving are, after interleaving,
separated in time by an amount greater than the correlation
time of the channel. Performance of a convolutional code is
thus restored by separating the symbol error patterns so that
symbol errors do not occur in long bursts. This method, which
has been studied for application to satellite sound broadcasting
[25], is most effective for vehicular channels which exhibit
‘vely rapid fading. Time diversity requires that an
.actical amount of digital memory be installed in the
\;cexvers in order to restore the coding gain on channels
/cxhlbmng very slow fading. For these reasons, time diversity
does not appear to be a practical approach for either a digital
system or for an analog FM system.

C. Spatial Diversity

Spatial diversity is based on the use of multiple receiving
antennas. The antennas must be spaced sufficiently far apart so
that the received signals fade independently. For a terrestrial
mobile communication path, the required spacing is on the
order of one-half wavelength or greater [22]. Comparable
spacings have been found on space-to-Earth paths [10].

The independently fading signals at the output of each antenna
may be combined to form an output signal whose fading depth
is significantly less than the fading depth of the individual
signais. One combining method is maximum-ratio combining.
And 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 [22]. Maximal-ratio
combining may be used for either digital or analog signals.

"~ adigital system, the probability of error (P,) on a Rayleigh

g convolutionally coded link, received with an M-branch

spatial diversity, maximal-ratio combining receiver and a
Titerbi decoder is given by [15]

-7, /T)

jm

Plr.) a7, (1

P(z.) = (% %) 7. — ° (2a)
In(2) + a

Ply.) = 172 N A ——?1.__". (2b)

‘@, = 4.4514 (33)

a, = 5.7230 . (3b)

where,

Tr = instantaneous bit-energy-to-noise density ratio
(numeric),

M = order of diversity, and,

' = mean branch bit-energy-to-noise density ratio
(numeric).

Equation (2) applies specifically to an optimal R=1/2, K=7
convolutional code [26].

Equation (1) has been evaluated with the resuits shown in
Figure 3. Curve (a) of the figure shows the BER for 4th order
spatial diversity with maximal-ratio combining. It is seen that
4th order diversity with a mean bit-energy-to-noise density
ratio per branch of about 7.0 dB achieves a BER = 10"%, This
value is used in the link budget for the example vehicular
receiver in Section V.

Figure 3 also shows the BER for an R=1/2, K=7
convolutional code received over an AWGN channel (curve b)
and over a memoryless Rayleigh fading channel (curve c).
Coherent detection of a QPSK carrier in combination with VA
decoding was assumed in both cases.

Spatial diversity with maximal-ratio combining may also be
used for satellite sound broadcasting systems employing analog
FM moduiation techniques. In a Rayleigh fading environment,
the probability density function of the instantaneous received
carrier power relative to the mean carrier power per branch for
an M-branch maximal-ratio combiner is given by [22]

1 7M—i
(M=1)!

e (7T 0

P(7) =

and the probability distribution function for the M-branch
combiner is given by

k-1
PlysX) = 1 - ¢ ('m’jl{{-’-!r-}-!—- (%)




where,

7 = the instantaneous carrier power at the output of the
combiner (numeric),

M = order of diversity, and,
' = mean carrier power per branch (numeric).

Equation (5) is plotted in Figure 4 for M=1 1o M=4, The
figure illustrates the reduction of the fading depth of the
received carrier power, at a prescribed probability, for an M-
branch spatial diversity and maximal-ratic combining. As
illustrated in the figure, the improvement is about 26 dB at the
0.001 probability level for a 4-branch system when compared to
no diversity in a Rayleigh fading environment.

V. EXAMPLE SYSTEMS

Two example satellite sound broadcasting systems have been
considered: 1) a digital system capable of providing a high-
quality service, and 2) an analog FM system capable of
providing a medium quality service.

The example link calculations given in Tables II and III assume
a somewhat higher receiving antenna gain and a lower
receiving antenna system noise temperature than the values
assumed in Table I. Further, the link calculations are based on
an operating frequency of 1000 MHz in order to be consistent
with example systems described in the literature. The resylts
may, however, be easily scaled to other operating frequencies
1e range 500 MHz to 3000 MHz.

™\ Digital System {Case 1)
/

The significant characteristics of an example digital sazellite
sound broadcasting system are given in Table II. Adaptive
delta modulatjon (ADM) has been selected in view of: 1) the
performance achieved at moderate sampling rates and channel
error rates, and 2) the availability of a low cost decoder chip
set (27). At a bit rate of 220 kbit/s per stereo sound channel
(440 kbit/s for a stereo program channel), ADM achjeves a
measured signal-to-noise ratio (SNR) of at least 58 dB in a 15
kHz baseband and a dynamic range of 85 dB (28].
Subjectively, a BER less than 105 corresponds to an
impairment rating greater than 4.5 on a 5.0 point scale. (An
impairment rating of 4 indicates a perceptible, but not
annoying, degradation in the sound quality, whereas an
impairment rating of S indicates an imperceptible degradation
in the sound quality [29].) :

An R=1/2, K=7 convolutional code is used for FEC in
conjunction with QPSK and coherent demodulation at the
receiver.

The performance given in Table II for the pontable receiver
operating inside a house is based on the assumption that a VA
decoder is used. It should be noted however that it is not
“lutely necessary that a VA decoder be included in all
«able receivers. For example, a home receiver with an
outdoor antenna would need only a simple decoder that should
B less than a receiver with a VA decoder,

469

The vehicular receiver is potentially the most complex receiver
since it must operate in the most difficult environment. The
performance given in Table I is based on the use of quad-
spatial diversity (four receiving antennas spaced a haif-
wavelength or more apart), maximal-ratig combining, and a
full implementation of a decoder using the Viterbi maximum
likelihood algorithm.

From the results given in Table II, it is seen that the use of
ADM and convolutional coding provides a very high (Q=4.5)
sound quality as recejved by fixed, portable, and vehicular
receivers operating in a satellite sound broadcasting system.

. Reference to Table 1 wil] show that this performance is

achieved at a lower c.i.r.p.and lower spectral power flux

services should be enhanced. Further, the economic feasibility
of satellite sound broadcasting is improved since a lower per
channel e.i.r.p, is required. This will generally mean that the
Space segment investment cost for a coded ADM system will
be less than that for a comparable FM or uncoded digital
system,

B. Analog FM System (Case 2)

The link budget for an example analog FM system is shown in
Table III. Service is to a vehicular receiver operating in a
lightly shadowed and also in a heavily shadowed ruraj area.
The receiving system uses quad-spatial diversity and maximaj-
ratio combining to minimize the effects of Rayleigh fading. An
operating margin of 3.5 dB above a 10 dB threshold has been
used which corresponds to a probability of 0.001 that the signaj
will fade below the threshold. (Listening tests are needed to
verify the suitability of this margin.)

Comparing the general results given in Table I with those given
in Table III shows that quad-spatial diversity with maximal-
ratio combining provides a significant means to reduce the
satellite e.ir.p. required to adequately serve a vehjcular
receiver. A reduction of over 26 dB is possible based on the
criterion that the probability of fading below threshold must be
less than 0.001 in a Rayleigh fading environment.

V1. SUMMARY AND CONCLUSIONS

The vehicular receiver operating in an environment in which
the space-to-Earth Propagation path is characterized as a
heavily shadowed Rayleigh fading channel imposes the most
severe requirements on the design of a satellite sound
broadcasting system. In prior studies, these conditions have
been accounted for by either adding large link margins or by
using channel coding methods that require a high level of
complexity to be built into all receivers, regardless of the
environment in which they are intended to operate. The
consequence of using this approach has resulted either in the
need for satellites with excessive e.i.r.p. (which increases the
cost and risk associated with the service) or in the imposition
of a high level of receiver complexity. In order to advance the
commercial feasibility of a satellite sound broadcasting service,
it would be desirable to minimize the e.i.r.p. required from the
satellite (to reduce cost and risk) and to enable the use of
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receivers of varying cost and having a level of complexity
commensurate with the environment in which they are
intended to operate.

™ has been shown that the use of quad-spatial diversity with

ximal-ratioc combining in the vehicular receiver permits a
--gnificant reduction in the satellite e.i.rp. for both digital and
analog FM systems. A fucther reduction is possible with digital
systems through the use of an R=1/2" K=7 convolutional
code.

It may be pointed out that the System concepts based on the
use of quad-spatial diversity and maximal-ratio combining
afford the possibility of a range of modular receiver designs. [t
is further contended that a modular design offers the best
opportunity to market cost effective, consumer quality
receivers tailored to the particular operating conditions,
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TABLE I

LINK BUDGET FOR A UHF ANALOG FM
SATELLITE SOUND BROADCASTING SYSTEM [8].

System parameter

Standard of service

B

c

Type of modulation

Carrier deviation (kHz)

Noise bandwidth (kHz)
Carrier-to-noise ratio (dB)
Coupling loss (dB)

Receive antenna gain (dBi) .
Receive system noise temp. (K)
Carrier frequency (MHz)

Link margin (dB)
LOS pfd at beam
edge (dB(W/m?)
Equivalent field strength
at beam edge (dB(uv/m))
Maximum spreading loss
(6=17 deg.) (dB/m?)
Beam-center e.i.r.p. (dB(W))

~106.4

39.4

-163.0
59.6

15

~97.4

48.4

-163.0
68.6

75
250
10

2000
1000

25

-87.4

58.4

-163.0
78.6

33

-79.4

66.4

=163.0
86.6

Satellite antenna gain
(D=20 m) for 1 deg. BW (dBi)
Antenna input power (dB(W))
Antenna input power (W)

43.9
15.7
37

43.9
24.7
295

43.9
34.7
2951

43.9
42.7
18621
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TABLE II

LINK BUDGET FOR A DIGITAL SATELLITE SOUND BROADCASTING SYSTEM

USING CONVOLUTIONAL CODING, VA DECODING, AND QUAD-SPATIAL

DIVERSITY ON THE VEHICLE.

System parameter Value
Type of modulation QPSK
Primary reception mode stereophonic
Bit rate (kbit/s) 440
Code rate 1/2
Modulation rate (kBaud) 440
Required RF Bandwidth (kHz) 880
Received SNR (dB) 58
Subjective sound impairment Q=4.5
Received bit error ratio 107>
Audio bandwidth (kHz) 15
Carrier frequency (MHz) 1000
Receiving environment Vehicular House
Light Heavy
foliage foliage

Receiver antenna gain (dBi) 5.0 5.0 5.0
Coupling loss (dB) 1.0 1.0 1.0
Receiver system noise temp. (K) 600 600 600
Required Ep/Ng (dB) 7.0 7.0 3.8
Implementation margin (4B) 1.0 1.0 1.0
Mean excess path loss (dB) 0 10.0 12.0
LOS pfd at beam

edge (dB(W/m?) -119.0 -109.0 -110.2
Equivalent field strength

at beam edge (dB(uv/m)) 26.8 36.8 35.6
Maximum beam-center_pfd

per 4 kHz (dB(W/m2/4kHz)) -136.1 ~-126.1 -127.3
Maximum spreading loss

(6=17 deg.) (dB/m?) -163.0 ~163.0 -163.0
Beam-center e.i.r.p. (dBW) 47.0 57.0 55.8
Satellite antenna gain
(D=20 m) for 1 deg. BW (dBi) 43.9 43.9 43.9
Antenna input power (dB(W)) 3.1 13.1 11.9
Antenna input power (W) 2.0 20.4 15.5
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TABLE III

LINK BUDGET FOR AN ANALOG FM SATELLITE SOUND BROADCASTING

SYSTEM SERVING A VEHICULAR RECEIVER USING QUAD-SPATIAL DIVERSITY

AND MAXIMAL RATIO COMBINING.

System parameters Value
Type of modulation 34
Primary reception mode Monophonic
Carrier deviation (kHz) * 75
Noise bandwidth (kHz) 250
Carrier-to-noise ratio (dB) 10.0
Signal-to-noise ratio (dB) 40.0
Coupling loss (dB) 1.0
Receiver antenna gain (dBi) 5.0
Receiver system noise temperature (K) 600
Carrier frequency (MHz) 1000
Probability of fading below threshold 0.001
Margin above 10 dB threshold (dB) 3.5
Receiving environment Light Heavy
foliage foliage

Mean excess path loss (dB) o] 10.0
LOS pfd at edge of beam (dB(W/m?)) -115.9 -105.9
Equivalent field strength (dB(uv/m)) 29.9 39.9
Maximum beam-center pfd per 4 kHz

(no energy dispersal)

(dB(W/m?/4 kHz)) -115.9 -105.9
Maximum spreading loss

(6=17 deg.) (dB/m?) -163.0
Beam-center e.i.r.p. (dBW) 50.1 60.1
Satellite antenna gain (D=20 m) for

1 degree beamwidth (dBi) 43.9
Antenna input power (dBW) 6.2 16.2
Antenna input power (W) 4.2 41.7

47
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Fig. 1. Measured and caiculated probability distribution for the envelope of the

Bit error ratio

reccived signal. Curve (a) is a Rayleigh distribution with 10 dB excess path
loss, curve (b) is thc measured distribution in a heavily shadowed rural
environment, curve () is 2 Rayleigh distribution with 0 dB mean excess path
loss, and curve (d) is the measured distribution in a lightly shadowed rural
environment {14].

1072

10-3
(a) (b)

1074~

1073-

1076~

10°7-
R B A —

o 10 20 30 40 50

Mean Ep/Ng (dB)

Fig. 2. Performance of coded and uncoded QPSK with coherent detection over a
memoryless Rayleigh fading channel. Curve (a) R=1/2, K=7 convolutional
code with VA soft-decision decoding, and curve (b) uncoded.
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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 attemuation by
shadowing due to buildings, trees, and other foliage; and to multipath fading due to
diffuse scattering from the ground and nearby cbstacles 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 mountaimous, suburban or dense urban
enviromment.

2.6.3.1 Propagation models

For moderate satellite elevation angles, it is known (see Annex 1)
that over large areas (of the order of several hundred wavelengths),
the mean value of the field strength follows a log-normal distributien. However,
within small areas (of the order of a few wavelengths), two distribution modals may
be applied:

- Rayleigh distribution where there is no direct lina-of-sight to the satellite;

or

- Rice distribucion where there is direcs line-cf-sight to the sateilite;
giving one component of ccnstant 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,
carmot be ignored since it is applicable in many urban areas.

Results of recent measurements [loo, 1985], [Jongejemns, 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 channel with a mean excess path lass dependent on the type of
operating emviromment.

Four different propagation paths ara considered:

- a portable receiver operating inside a house that is not shadowed by trees;

- a vehicle operating in a rural environment davoid of significant multipath and
shadowing by foliage; : P

a vehicle operating in & rural or suburban environment with scme multipath
and shadowing by trees and foliage; and

- a vehicle operating in a dense urban eavironment vith significant muttipath
from pearby 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 charmel can be frequency selective or non-
selective depending on the relationship between the delay spread of the reflected waves
and the charmel 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 {n a rural area on a simulatad space-to-Earth path indicate that the delay
spread is predominantly less than 1 us and is primarily due to reflection and scattering
from the trunks of trees [Bultituds, 1987]. .

Comparable results with somawhat 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
nultipath 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 frequancy selective
charmel, the error performance is dependent upon the spread of delays introduced by the
different paths, as well as by the amplituds of the component signals. Assuming that each
vave is affected by a multiplicative Rayleigh process [Pommier and Wu, 1986], with an
exponential distribution of delays of standard deviationm, To, a level of intersymbol
interference will be introduced which depends upon the delay-spread to the symbol-period
ratio, Tr (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.

CCIR\10-11S\1011E.TXS
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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. Ideally, 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 Sparial 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. '

CCIR\10~-11S\1011E.TXS
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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 sateilite exceeding 70°, corresponding
to a service in low-latitude areas. Mobile reception on roads in these circumstances should be satisfactory,
i.e. above threshoid, 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 [V.) :

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 L)

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 4B 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 chamnel 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 II 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 M with 15 kHz bandwidth. For example, for link margin case "A",
the p.f.d. values are -123.4 @(W/mz) and -114.1 dB(W/mz), respectively.

CCIR\10-11S\1011E.TXS
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TABLE II - Link budget at 1 GHz for FM systems

Polarization

Type of medulacion
Reception mode

Audio bandwidth
Carrier deviation

Noise bandwidth

Required (C/N)
totall 2)

Subjective sound

impairment grade (3)

Degradation due to
up-link C/N

Required down-link C/N
Implementation margin
Receive anterma gain

Coupling loss

Receiver noise
temperature

Area of isotxopice

anterma at 1 GHz

Link margin case
Link margin
Line-of-sight

PFD at edge

of beam (-3 dB)
Equivalent field
strength at edge
of beam (dB(uV/m))
dBm?

dBW

Spreading loss
E.i.r.p. on axis

Transmitter power . dBw

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
It exceeds the PIL threshold.

&0 4B audio S/M.

B EF R

dB(W/m2)

Circular

M companded
Monophonic

10
26.5
73 (= 48.6 dBHz)

4.0

0.4

4.4
1
5
1

600 (= 27.8 dBK)

-21.4

A B c D

6 15 25 33
-123.4 -114.4 -104.4 -96

22.4 31.4° 4l.4 49,

162.4
42 51.5 61.5 69.
-1.9 7.6 17.6 25.

{(3) - See Recommendation 562.

M conventional
Monophonic(1)

15
75
180 (= 52.6 dBHz)

9.3

0.4

9.7
1
5
1

600 (= 27.8 dBK)

-21.4
A B o D
6 15 25 3
.4 -114.1 -105.1 -95.1 -87.1
4 31.7 40.7 50.7 58.7

5 51.3 60.8

6 7.4 16.9

162.9 162.9 162.9 162.4 162.9 162.9 162.9
70.8 78.8

26.9 34.9
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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 chanmel.

2.6.4.3 Simple digital systems

The example described in this section (see Table IV) is based on a source hit rate of
338 kbit/s per monophonic chammel which can be obtained by near-instananeous
companding [CCIR, 1982-86a] or by adaptive delta modulation.

A great rumber of modulation schemes exist. Most of those which can be
datected with reasonably simple receiver circuitry have generally similar power
requirements; they differ slightly in such areas as spectral characteristics,
sensitivity to channel discortions (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 tgat should
reach a suitable stage of development for satellite sound broadcasting for
individual reception by portable and automobile receivers in or before 1990
[CCIR, 1986-904} . The key features of this system are:

- the use of a low-cost adaptive dalra modulation (ADM) sound encoding tec?nique
which has already been reduced to practice for high quality consumer audio
applications [Dolby, 1983; Signetics, 1983];

. .the use of convolutional coding (R = 1/2; X = 7) and Viterbi maximum
likelihood decoding for forward error correction (FEC); and

- interleaving/de-interleaving as an effective means to mitigate the serious
affects 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.

CCIR\ 10-115\1011!.'185
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TABLE Iz

Polarization Cizrcular

Type of modulation M compandad : M convencional
Reception mode Monophonje Monophoenic(1l)

Audlo bandiideh Kz 10 15

Carrier daviation kHz 26.5 : 75

Noise bandwidch iz 73 (= 48.6 dBMz) ' 250 (= 54 dmae)
Required (C/N) d3 4.0 10.0

ggm(Z)

Subjective sound 3 3

impairment grade (3)

Degradacion dus to a3 0.4 ' 0.4

up-link C/N .

Required down-link C/N dB8 4.4 10.4

Implemsntacion aargin d3 1 1

Receive ancerma gain dBd 5 3

Coupling loss a8 1 1

Raceiver noise K 600 (= 27.8 dBK) 600 (= 27.8 &ax)
ceperature

Area of isotropic dBa? -2l.4 -21.4

anterna at 1 Gz

Link macgin case E ) 4 4 4
Link margin ds 3.5 13.5 3.5 13.5
Line-of -s{ght dB(W/ml)  -125.9 -115.9 -114.8 -104.5
PFD at edge

of beam (-] dB)

Equivalent fleld

screngeh at edge

of besm (dB(4V/m)) 19.9 29.9 3.3 41.3
Spreading less dBa? © 163.0 163.0 163.0 163.0
E.L.1.p. onaxis & 40.1 50.1 51.5 61.5
Transaiceer power  dAW . 0.4 4.2 5.8 - 57.5%

for 1° beamwidch

1) . Stereophonic teception is possible for fixed receiver vith higher gain antenna.

(2) - The use of & phase-lockad locp demodulacor (s asmmed. This C/N is required for
40 dB qudio SAN. It exceeds the PLL threshold.

(3) - See Recommendation 562.

CCIR110-118110112. X3
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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(l)
Error protection Concealment
Total bit rate (kbit/s) 364
Required Ep/N, (for ’ 8.4

10"4 bit-error ratio) (dB)

Subjective sound impairment grade(z) I
Required C/N, total (dBHz) 64
Degradation dua to up- ' 0.4

link (dB)

Required down-link C/N, (dBHz) 64.4
Implementation margin (dB) 'l
Interference allowance (dB) 2
Receive antemna gain (dB{) S
Coupling loss (dB) . 1
Receiver noise temperature (K) 600 (= 27.8 d4BK)
Area of isotropic ) -21l.4

anterma 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(z V/m))

Spreading loss (dB(mZ)) 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 is 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 172
constraint length 7 and free distance 10;

~ typical delay spread: 2 us which is representative of dense urban environments
in Europe. '

CCIR\10-11S\1011E.TXS
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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 parametar ' Valus
Type of modulation ’ QPSK
Reception mode monophonic (1)
Bit rate (kbit/s) . 204
Symbol rate (ksp/s) 408
Required RF bandwidch (kHz) 400 -
Received S/N (dB) ; 58
Subjective sound impairment grade (2) L.5
Received bic-error ratio 105
Audio bandwidth (kHz) 15
Carrier frequency (MHz) 1000
Link margin case F . E e
Automobile House
- Heavy Light
foliage foliage
Receiver anterma gain (dBi) ' 5.0 5.0
Coupling loss (dB) 1.0 1.0
Receiver system noise temp. (K) 600 600
Required E,/No (dB) 7.4 3.8
Implementation margin (dB) - 1.0 1.0
Mean excess path loss (dB) 10 0 12.0
Line-of-sight PFD at beam edge -111.8 -121.8 -113.4
(dB(W/n?))
Equivalent fiasld strangth at beam 34.0 24.0 32.4
edge (dB(uV/m)
Maximum beam-centre PFD per -125.9 -135.9 -127.5
6 Wiz (dB(W/(m?-4 Wiz)))

Maximm spreading loss (p, = 17°) 163.0 163.0
(dB/m?) ~
E.i.r.p. on-axis (dB(W)) 54.2 44,2 52.6

Satellite anterma gain

(D=20 m) for 1° beamwidth (dBi) 43.9 43.9

Anterma imput power (dB(W)) 10.3 0.3 8.7
 Antenma input power (W) 10.7 1.1 7.4

(1) - Stereophonic mode requires doubling the bit rate. Consequently the
symbol rate, required RF bandwidth and antenna input power would also be
doubled.

(2) - See Recommendation 562

CCIR\10-11S\1011E.TXS
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TABLE VI

budget for the advanced digit syste G

System example System example

A B
(16 progr./4 MHz) (12 progr./& Mhz)

Pelarization 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 sound impairment (1) 4.5 4.5
Required C/No 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
Implemencation margin ?dB)** 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)
Satellite 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/m2>)*
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/m?) (6 = 17°) 163 163
E.i.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. requirements per stereophonic
programme.

** This value includes a 1 dB allowance for the use of a 20% guard interval
(see Annex IV).

(1) See Recommendation 562

(2) These link budgets have been calculated on the basis of input power to the
antenna to satisfy given link quality criteria. Given the distortion that
will arise for the complex modulation system used, it is probable that the
final output amplifier will have to operate under backoff. Whilst future

" studies continue, it is currently expected that the necessary output
backoff value will be between 4 and 5 dB.

CCIR\10-11S\1011E.TXS
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2.7 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 anterma 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 corversely 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 radioclocation services. Sharing criteria were, however, found

to be only available at this time for the broadcasting, fixed and mobile services
in certain bands.

3

2.7.1 Appllcction 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 recelving situations in rural and -
urban areas and at high or low latitudes. From thess, 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 parsmeters relevant to sharing

System Conventional Companded Digital Advanced

271 ™ Digical(l)

Clasg of service A2) A(2) A F(3)

Link margin 6 dB 6 dB 6 dB 10 dB(4)

PFD at the centre of -111.1 -120.4 - -107 -109

the coverage area(5)

(dBW/m2)

PFD/4 kHz at the centres -111.1(6)  .120.4(6) -123.6 -126

of the coverage area(5

(dB(W/(m?-4kiz)))
(1) Two different advanced digital systems with almost equal sharing parameters are
represented in this colum :
(2) Intended for reception in rural areas at low latitude
(3) Intended for reception in dense urban areas at high latitude
(%) Equivalent to 15 dB for the other systems

(3). 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) -

(6) 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 {s natural energy dispersal associated with
the characteristics of the information (sound programne) 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.

Ratural 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
broadeasting systems operating in Band 9. Artificial energy dispersal may however
be used with analogue M transmission systems for improved sharing with narrow-band
services. The method described in Report 384-4 for use in multi-chamnel FDM/FM

telephony transmission systems can be applied to satellites 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 kiHz compared to an urmodulated 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 Ammex III to Report 384-4.

In order to achieve a similar energy dispersal gain with the M system
(17 dB), a peak-to-pesk deviation of 200 kHz would be required. However, the use of

such artificial energy dispersal could require modiffcations of conventional
receivers.

2.7.3 Ove w of s

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 Regulatioms.

2.7.4  4nalysis of specific sharing situstions
2.7.4.1 Sharing with the terrestrial television brogdcasting 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 tha
service area of the terrestrial television broadcasting station. Sharing will be

facilitated with systems producing the lowest power flux-density, whether energy
dispersal i{s used or not.

CCIR\10-11S\1011E.TXS
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TABLE vrrr(concinued)

except the last two rows)

(Source: Table 6§-X (continued) in the CCIR Report to WARC ORB-883,

IncazZazed Scoicsass.linis Cases
sazricas. wizx Nocas (Zsz.elevacion refazTed =3
spacifiad.lizizsw - .angie = Q) Table VIT
< | -1%a &v(¥/ad) I CCI2 Res. 22%
(4) ia 20.ki#=.
1 830.5 - 1 6§70 fadicase=onomy” ,
(1) - 80 4d3(W/=~=) J CC2 Res. 337
Sypicaliy
14870 - 1700 Mecaczological aids| (9) -133 d3(W/m?) 3 3T: A==icls 2§
i= 1.5 ME= : Seczian I7
- 700 - 1 710 Tized ) -154 d3(%W/al) C ER: izzicias 28
- Mapile. in 4. k8= Seezicn I7
171G - 2 290 ()
226 - 2300 Tizad ) -154 d3(%/=) C 38: azcicla 32
Maopilia in & %=z Saszian IV
~ - 238 - zeazs (3)
( 2 &4E3.3 - 2 =00 Fixed - (6) -185 d3(W, :2) C ZR. sxzicls 27
Mopila iz & k8= MOD 2523, 2833
I 3CC - 2 833 Fixes (1) -152 d3(W/m<) E 322 azzicl: 23
Mobila ] im 6 kEz Segzisz IV
1855 - 2 3% Tixed (2) -152 a3(%/u?) Z.28: Arzicls 23
Hopils ia & k= Seszicz IV
2 8% - 2 7CQ Radicaszronomy (&) -177 dB(W/m2) T GCIR Rep. 232
in 10 MHz
kY
(L) -76 dB(W/m2)
- typical value J CCIR Rep. %67
1796 - 1 100 1) '
N ¥ AccarTding Co curTent Radio Regulaciens and CCIR Reports or Recommendacioms.
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Notes to Table VIIT
(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.

%) 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/m2).

(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,

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 protact terrestrial TV broadcasting from the BSS (IV-FM). (Indications are
however that ths 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
satallits sound broadcasting service ranging from -132 dB(W/m?) to -122 dB(W/m?)
(aggregats per tslevision chanmnel) based on the range of minimus field-strength
values to be protected as gseen 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/m?)

Furthermore, No. 693 of the Radio Regulations provide a PFD of
_-129 dB(W/@?) for use by the BSS (IV-FM) in the band 620-790 MHz.

CCIR\10-11511011E.TXS
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TABLE IX
(Source: Table 6-XI in the CCIR Report to WARC ORB-88)

| Refererces ! Interferirg Sarvices subject Barxis ) FFD limits E
i E sarvices to interference (MHz) (i = elevaticn argle) :
l ;
! -129 -for 09 << 209 ;
i i Terrestrial §20=79Q -129+0.4 (A= 20) for 209 <s< 609 !
! A1 RR: Rec. 708 satallita broadcasting =113 for 609 <A< 30° !
i dB (W/m?) ' :
i { on a previsicnal basis ;
o - :
; I RR: arzicle 2 Earth exploraticn " !
j 3| Saction IV sateilita 1 670-1 700 -133 dB(W/m<) in any )
i
! Metacrological Metecrological 1.5 Miz band i
i satallite aids .
¢ H i
i H i i
| | aR: article 28 n-r.ao:ulognal Fixad 1 s25-1 $30 I :
i | Secmion IV satallita for Regions 1 and 3 ~-154 for 00 << 52 '
1 i
i Spaca ressarch vobile 1 530-1 535 I =1544+0.5 (b =5) far 39 ci< 259
[ C., ! for Regions 1 ard 3
HERN ! V
v . Space operation 1 670-1 690 | -14a for 259 << 360
P : 1 690-1 700 | dB(W/m?) in any
[ ! 1 700-1 710 | 4 kHz bard
Vo ' 2 290-2 100 i
P i Radicderarminationd 2 483.5-2 500 | ~-154 dB(H/F) :
! | sacallita H i in 4 iz i
E i L f :
| RR: Arvicle 28 The same as in Fixad using Tha sams as in -l.eadalwmz)i.nanyakﬂzbarda:?:.e i
0| Secziocn IV | casa C “roposcharic casa C recaiver input of tha stacicn of the
| 2560 i scactar ’ fixed servica
N i
i ' i :
| RR: Articla 8 Broadeasting j Fixed ‘ -152 for @© zic< 3% i
£| Sectien I sacallita : 2 500-2 690 ~152+0.75 (= 5) for S° =.a< 28%
i Fixed Mobila -137 for 250 <6< 96° |
: sacallita dB(W/n?} in any ;
4 kHz bard .
I ! :
' i Fixad -152 far ®© ci< 59 ¢
| o= | Fised (Line—of-sight) 2 500-2 630 -152+0.75 (5= S) for 59 <s< 259 !
F ! Rec. 358-1 satallita Mcbile -117 for 25° < h< 909
i (Line—ot-sight) dB(W/m?) in any
‘ . 4 kdz bard
? Preposals for tha provisional linmits
G | OCIR Report:631~3| Broadcasting=- Terrestrial 620-790 given un AR Rec.705 (casa A)
L satallita broadcasting
b ~129 becomes -136 (EXU)
! =125 (USA)
; | ~124 (USSR)
i , quality
H1 CCR Regort 6313 a - Yebile sarvice araurd 800 -133 dB(W/(m2 = 16 kHz)); mobile stacion
satellita (uder sane -146 dB(W/(m® + 16 kHz)): basa station -
' hypotheses) Mediuvm quality: ) )
~127 dB(W/(m? - 40 WHz)): mcbile scation
; ; -134 dn(w/(m?- * 40 Hz) ); base stacicn
. . i For centurmum:
: : 4 . 403 -169 dBl'i/m‘) in 3.9 Mz
1! R Repars 224~5 lPad.wasc:urar{ 510 ~185 dB(W/m2) in 6.0 Mz
- : i 420 -180 dB(W/m2) in 27 MHz
v ; | For spectmum lines:
i { i 1 420 -196 dB(W/mé) in 20 kHz
! 3 ' 1 365 -194 dB(W/me) in 20 KHz
i | i
! | Intermedulacicn of |Radicastronomy 1 400~1 427 -30 dBH/m?) (1)
5 ; Q=R Report 697-2 | out~ar-bard sigu.ls_: 1 560-1 670 .

service has an ailocation.!

(1) This limit applies to services whose intermodulation products can arise in a band where radioastronomy
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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 {s 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 urwanted PFD.

Considering the required p.f.d. for the system models mentioned .in § 2.7.1
and compering 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 cperation 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 anterma on
the basis of geographical sharing, as will be covered in §2.7.5, and through the
discriminatian of the television receiving anterma towards- the satellite.

In the case of the discrimination from the television receiving antemma
towards the satellite, the elevation angle dependency, as implied in RR Reec. 705,
will be assumed in this Report. We note, however, that in RR 693, no restriction
is given above 20°.

PFD (dB(W/m2)) for § < 20°
PFD + 0.4 (5§ - 20) (dB(W/m?)) for 20° < § < 60°
PFD + 16 (dB(W/z?)) 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 (minimm/maximmm)
(dB(W/m?)) (dB)
Conventional FM -111.1 16.9/26.9
Companded M -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 anterma. Some advantage
can be available at higher latitudes.

. Upon more detailed consideration of ths protection‘ratios for narrow-band
carriers interfering into the television broadcasting service, it can be found that
Recomnendation 418 and Report 306 indicate some relaxations in protaction ratios for
certain relationships between the wanted and interfering television chamnel signal
spectra. A 10 dB relaxation in protection ratic-is feasible if the nominal
frequency difference between the wanted television carrier and the urwanted sound
carrier is an odd miltiple of half the lina 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 spactrum located around the
colour sub-carrier, the television signal {s less susceptible to interference from
narrow-band carriers. A maximum relaxation of 10 dB to 20 dB, depending an the

-
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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, hovever, that only a limited
ruaber of carriers can be fitted in this less cricical 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 mmber 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 1s 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 chamnel,
will only be feasible on a common basis if the television channels have been
assigned according to a regular chammel plan, i.e., as is the case in Region 2
(universal 6 MHz chammel separation).

For all the cases mentioned below where geographical separation is
required to aveid 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 antenna 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 comsideration 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 FM cases, the sharing situation
would have been more difficult if {t had been applied to the urban case. With
respect to the digital systems, the greatly fmproved performance of the advanced
system is accompanied by slighctly improved sharing possibilities. Consideration of
the discrimination available from the television receiving anterna 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 {mprove the sharing situations. In 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 glven 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 Mz band.
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The following permissible power flux-density limits for sharing with the
fixed services at 1.7 Gz are ctaken .from RR 2557. Assumption will be made that
these limits can be used in order to provide a p.£.d. limit for this discussion, for
all frequency bands where sharing between FS and sound BSS is considered,
Furchermore, 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 Wiz)) for §< 5°
-154 + (8 - 5)/2 dB(W/(@? - 4 Kz)) for 5° < § < 250
-164 dB(W/(m2 - 4 kiz)) 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 isolaticn to allow sharing between
the sound BSS and the fixed service

PFD at centre Required isolation (dB)
Systems of coverage area
(dB(W/ (m2 + 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 Ssharing 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 XIIT. The
required isolation referred to in Table XIII refers to p.f.d. limies 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) ) widch antenna - (dB(W/mz) ) width antenna
(kHz) gain (kHz) gain
(a8 - - (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/(n? - 4 Kiz))) (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 4Table, 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 separacion of the
service areas of the two networks is required. Vhen 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 satellita service, the separation required may be in hundreds to
thousands of kilometres.
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The concept of geographical sharing between the sound broadecasting -
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 minimm case where the satellite beam covers an area
close to the satellite sub-point; and for the maximm 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 anterma alone to allow frequency re-use by other services.

TABLE XIV - Range of required separation distances cn the Earth from the
sound BSS beam centre to ensure a given satellite anterna discriminaticn
for 1° and 2° anterma beamwidths :

Separation distance
€lam)

Required

antenna P = 19 Py = 29

dicrimi- Off-axis

nation angle
(dB) (x @4) 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 3718 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 ancenna is found to be necessary in order to allow operation of the sound
This results in given separation

BSS without affecting terrestrial services.
distances for each specific case of sharing.

These sharing situations

their separation distances are summarized in Table XV .

along with -

TABLE XV - Summary table of the situstions and required separation distances
) Hinimum separation
Sourd BSS Intacfersd with Permissible PFD Required distance for 1°
systen rociel sarvice for sourd BSS isolation| beam (km)
’ ' (4B) Flevation Angle
(degrees)
9 30 60
Convencional M .
(Casa A) - maxims protaction ~118 dB(W/md) 10.9-26.9 | 3104 | 1510 676
- minimzs protection ~128 dB(W/nd) 0.9-16.9 | 2717 | 1181 199
(-111.1 dB (W/m?))
(-111.1 dB(W/(m?+4 Xiiz))) Fixed .
. ~154 dB(W/(m2-4 kilz)) 32.7-42.9 9570 | 1652 | 2728
Mobile
- low alevation amgla ~147.9 dB(W/ (330 kHz}) 26.3° 6741 | 4827 .-
Carpanded Broadcasting
(Casa A) - maxinm protection -118 dB(H/2?) 1.6-17.6 | 2749 | 1208 264
- uinimm protection ~128 dB(H/m?) 0 - 7.6 21511 668 s}
(~120.4 dB(H/ (nd))
(~120.4 dB(H/ (=24 Miz))) Fixed
~154 dB(W/(R2-4 Kiz}) 23.6-33.6 5693 | 1529 981
Hobile
- lov alevation angle ~147.9 dB(W/ (m2+30 Miz)) 27.S J124 | 1631 -
Digital Broadeasting
(gﬂ A) - maximus protaction ~138 dB(W/e) 15-33.0 | 4976 | 1618 789
~ minimm protection ~128 dB(H/m?) 5-21.0 | 2892 | 1330 463
(-107 -.-uam/nﬁ);'2
(=122.6 dB(H, 4 Xitz))} Fixed
7t m ~154 dB(W/(m2-4 kiz}) 20.4-30.4 4824 | 1437 915
Moblle
- lov alevation amgle ~156.7 db(W/ (?-4 kHz)) 33.1 5547 | 3704 .-
Advanced : 1
digital -~ maximm protaction <138 da(W/=2) 13-29.0 | J171 | 1567 736
(Casa F) - minimm protection =128 dB(W/m?) 3-19.0 } 2810 1260 361
(~109 dB(W/m? Floed
(=126 dB(W/ (=2-4 XI2))) -154 dB(W/(m2-4 Kiz}) 18.0~28,0 3lA0 1363 861
Moblle
- lov alsvation angle -156.7 dB(W/(m2+4 Miz}) 30.7 4899 | 3118 -

Case "A": Sound BSS intended for reception in
angles axcseding 70°, corresponding

low-latitude araas.

rural areas at elevation
to a service in

Case "F": For vehicular recepticn 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 aercnautical, radiocnavigation and radiolocation services.

Special sharing constraints on the use of adjacent bands may alsc arise from
passive services such as radioastronomy services. Data for sharing with these
other services are not yet available.

2.7.7 Suscepribility of the sound BSS to interference from other services

The susceptibility of the different analogue and digital modulation
schemes to the incerference from the other services with which the same frequency
bard 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. ' '

2.7.8 Discussion of sharing situations

It should be noted frem the outset that the four system models used in che
sharing analysis are typical syscem examples with specific system paramecers and
operating under given receiving conditions. In this way, che findings as to their
sharing feasibilicy ars mot absoluce since variations in the System parameters and
operating corditions will ease or worsen the sharing conditions. For inszance, .che
first three system models selected are assumad to be for reception in rural areas ac
low lacituds. If reception in urban enviromments was to be covered, the necessary
FFD level would need to be increased by 9 dB, therefore making the sharing more
difficult. On the other hand, in the casa of che fourth system (advanced digital),
the grade of service was selected to cover Teception in urban areas ar high lacicude
wich such systems. Operation in rural areas and low larirtudes would make sharing
cotdirions easier. In this scudy, the p.f.d.s have not been adjusced for operating
frequercias differenc from the 1 GHz assumed. Operacion at lower frequancy would
Tesult in reduction of sysctem PFD, for inscance § dB at 500 Mdz. In the czse of
sharing with the brosdcasting servics, some p.f.d. raduction would alwzys be applied
since the allocation is below 890 MHz=. Also the chart shows a range of discances
requited for sharing with broadcasting services for various elevation angles.
The three elevation angles shown, 5, 30 and 60 degrees, cover the range of
discrimination in the vertical plane of the UHF TV teceiving 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 noced thac the satellire Tansmitting reference paczern has a
plateau ar 30 dB isolacion which represencs a ransition of about 1000 ‘ez, For
those required isolation values slightly exceeding 30 d8, all means shouid be taken
T2 recuce tha isolacion to lass tham 30 dB to obrain a substancial improvemenc in
the sharing sitiacion. : ‘
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For che conventional ™ syscem, the required separation distances found in
Table XV indicata thac sharing with fixed and cobile services would noc be
feasible. For tha sound BSS to share with cerrescrial broadeasting, a 199 to 3,104 km
distance {s required (wvhich could further ba recuced in the case of operation at
lower frequencies) making near cc-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 7 system, the sharing with the tarrestrial
broadcasting service raquires even smaller separation distances (0 to 2,749 ka) than
for the case of conventional FM discussed abcye. Therefore,
in some cases, operation in the same geograpglc area yould
be possible at the lcwer latitudes, cons;derlng only lntgr:
farence from BSS sound broadcasting space staticn tra;smlt_ers
to +*errestrial UHF receivers. However, ;nterference in t@e
reverse direction, that is from terrestrial UHF TV transmitters,
which have powers up ta S segavatts, could cause interference to BSS
earth station receivers in large arsgas 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 wicth 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 much smaller distances would be needad. Sharing with the fixed service
will only be possible in the case of low elevation angles below 1 GHz ac very large
distances. AC high elevaricn angles, sharing at a lesser distance will be possible.
Sharing with mobile servicas will only be pessible 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.

2.8  Bandwidth considerations [CCIR, 1978-82a] [CCIR, 1986-90a, b]

The total bandwidth re

quired for a band 9 sound BSS depends on the modulation method and the extent
of coverage overiap. '
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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 ome national sound broadcasting programme per country. This
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 i;
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
frequency 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 & MHz channel with natiomal 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 satellits sound broadcasting systems will likely be accommodated in
bands allocated to the fixed satellite service. The required bandwidth will likaly be
small in terms of present FSS usage and will be commensurate with the bandwidth allocated
to the broadcasting-satellite service (sound) down links.

CCIR\10-11S\1011E.TXS
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2.10 Cost considerations

The econcmics 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 broadeasting
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 ctaken 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 tarrestrial transmitters:
-, many transmicting sites, with transmitters, antemmas, and accommodation;
- roads to provide access to them;
- power distribution or local generation to provide power to the transmitters:.
- commmication 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 TIC

(telematry, 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 commmication
links; ) )

- less 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 FM with characteristics identical to =hose in
cormon 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 inelude: ’

- providing sound broadcasting to more than one country, each having individual nacional
or sub-national coverage;

- providing additional revermue-earning services (e.g., data) which are unrelated to sound
broadcasting;

- sharing the same spacecraft with other services such as FSS, MSS, ere,
- any combinations of the above.

Such possibilities would be facilitated by the development of suitable transmitting
anternas which can provide more than one beam without significant increase in size and
weight. An example is an array antemna with multiple beam ports.

2.11 Receiver complexity

The frequency medulation 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 w%th
‘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 antemnas can be used. Alternatively, one can use companded FM w§th
reduced audio-bandwidth and deviation, although this signal is not receivavle 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. requiremfnts compared to a simple
digital system operating under the same conditions. In other clgcumstances 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 provids 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 :Ln mass production. o

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 whoie 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-scund broadeasting service could be introduced, a revision to the
Table of Frequency Allecations 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 weuld
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 antemmas 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 asscciated with the use
of the ionosphere which are a function of- operating frequency, time of day, season,. solar activity and
geographical fatitude 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 penctration 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 ail 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 results 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. .

3.2 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 ficld 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(pV/m) to 60 dB(pV/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].

3.41 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 (Ry;)
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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343  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.

3.4.4  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-
864

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 $800 h
local time in the coverage area (see Report 340). The results are presented as ficld 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 arsa. However, to use the
additional area as wanted area is difficult owing to variability of the ionosphere and luctuating
dimensions and borders of the arsa. 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 (bcrcentage 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 technijcal 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'bettcr frequency usage can be demonstrated.



