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TABLE XVI - Link budget for geostationarv sound
broadcasting-satellite systems in band 7

Operating frequency (MHz) 26
Moadulation method AM
Transmitting power (kW) 16
(dBW) 42 .
Satellite transmitting antenna gain (dBi) 402 -
Haif-power beamwidth (degrees) 1.6
Satellite antenna diameter (m) 500
E.i.r.p (dBW) 82.2
Spreading loss (') (dB) -163
Absorption (dB) -2
pfd at edge of beam (-3 dB) (dBW/m?) : —-85.8
Field strength (dB(uV/m)) ) 60
(LV/m) 1000
Polarization loss (dB) -3
Receiving antenna gain (%) (dBi) 0
Received signal power (dBW) ~78.5
System noise figure (*) (dB) . 40
Noise bandwidth (kHz) 10
Noise power (dBW) -122.2
Carrier-to-noise ratio (dB) 437
Test tone-to-noise ratio in 5 kHz (*) (dB) 437

(') Corresponds approximately to 20° elevation angle.

(%) Simple dipole or whip assumed.

(®) Median business area man-made noise (see Report 670).
(%) 100% modulation assumed.

FIGURE 1 - Area illuminated and scattering of energy
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FIGURE 2 - Calculated results for a 26 MHz transmission frequency and centre of illuminated area ar 0° N 20°E
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ANNEX T

Satellite transmitting antenna technology

[CCIR, 1986-90a |

1. Introduction
\> With the relatively lower EIRP now required (see §2.6.4) which will
result in a lowering of the required primary power and thus the total

satellite size, it seems that the satellite antenna remains the only

critical element in the realization of the space segment to provide UHF

sound BSS. This annex covers the details of a number of techniques to realize

the antennas and their expected performance. i
‘Satellite-borne antennas with diameters in the range of 5 meters to

55 meters are currently in various stages of development for advanced

appligatigns such as mobile communications satellites, orbiting very-long-
baseline-interferometry (VLBI) astrophysics missions, and Earth remote

sensing missions [ Freeland et al., 1986]. The technology being developed
for these other types of applications is directly applicable to satellite
sound broadcasting systems operating in band 9.

CCIR\10~11S\1011E,TXS
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Satellite-borne antennas with diameters greater than about 3 to
4 meters must be designed so that they may be launched in a stowed
configuration, and deployed once the satellite has achieved its proper
orbit and has been stabilized. This constraint has led to large-aperture,
reflector antenna designs based on the use of a collapsible or foldable
support structure and of a light-weight, pliable, metallized mesh
reflector surface.

The types of supporting structures used on the different satellite~-
borne antennas currently under development include the hoop/column, the
tetrahedral truss, and the wrap-rib. Figure 3 shows the wrap-rib and
hoop/column antennas both in the partially deployed and fully deployed
stages. These deployable antennas are all of relatively light-weight and
use a mesh material as the reflecting surface. In the deployed
configuration, the mesh antenna surface is formed into a paraboloid either
by a series of tie-points between the members of the supporting structure
and the mesh (the hoop/column and tetrahedral truss antenna) or by
attaching the mesh to a shaped rib (the wrap-rib antenna). The surface
accuracies achieved using these shaping techniques are such that the
measured radiation patterns of these developmental antennas generally
conform to the co-polar reference pattern for satellite transmitting
antennas given in Figure 3 of Recommendation 652.

2. SUPPORTING STRUCTURE
2.1 Hoop/Column

A 15 meter diameter hoop/column antenna has been built and tested in
a ground environment ([Belvin and Edighoffer, 1986]. The antenna deploys
from a volume of about 1 meter in diameter by 3 meters high to a structure
that is 15 meters in diameter by 9.5 meters in height. A motor driven
cable system is used to deploy the antenna.

2.2 Tetrahedral Truss

A technology-demonstration 5 meter diameter tetrahedral truss antenna
has been built and tested [Dyer and Dudeck, 1986]. When packaged, the
overall antenna height is 1.8 meters, the truss height is 1.1 meters, the
mesh diameter is 1.4 meters, and the truss diameter is 0.9 meter. The
antenna is a freely deploying system that does not require motors to
deploy. Deployment makes use of energy stored in the folded spring hinges
(carpenter tape hinges) of the structure.

2.3 ‘Wrap-Rib

. Large-aperture, deployable reflector antennas based on the wrap-rib
design use the most mature deployable antenna technology available
[Naderi,.198g]. A 9.1 meter diameter version of this antenna was flown on
the Applications Technology Satellite-s‘(ATS—G) in 1974 (Marsten, 1875]. A

antenna, and developed a technology plan for a low-cost, low-risk " roof-
of-concept" demonstration [Freeland gt al., 1984]. ! P
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The proof-of-concept was demonstrated in 1984, when a partial
reflector was deployed in a simulated zero~gravity environment. The proof-
of-concept model was a segment of a 55 meter diameter reflector consisting
of a central hub (around which the ribs are wound when in the stowed
configuration) and four ribs (contoured to the shape of a parabola) to
which the mesh reflector material was attached. The tests demonstrated the

effécacy of the deployment method and of the mesh-deployment management
system.

3. REFLECTOR SURFACE

The performance of these large aperture space~borne antennas may be
affected by the characteristics of the reflector material and by the
accuracy of the reflector contour.
3.1 Effects of the Wire Mesh

A knitted wire mesh is the reflector material of choice for each of

"the antenna types cited. A typical mesh is a tricot knit of 0.003 cm

diameter gold-plated molybdenum wire with about 3 openings per centimeter.
An analysis to determine the effects of the knitted wire mesh on the gain,
side lobe, and cross-polarization performance of large-aperture antennas
has been performed [Rahmat-Samii and Lee, 1985]. It was shown that the
performance of the mesh reflector antenna should be comparable to that of
a solid reflector antenna when the geometry of the mesh material was
properly selected (i.e., by properly selecting the opening size gelative
to a wavelength, rectangular vs. square openings, and the orientation of
the rectangular opening relative to the incident polarization vestor).
Specifically, side lobes in excess of 30 to 35 dB below the level of the
main beam were achievable using a pliable, light-weight, wire mesh
reflector material.

3.2 Surface Accuracy

The hoop/column and the tetrahedral truss antennas use tie~-points to
connect the mesh surface to the support structure and to form the surface
into a parabolic shape. It was found that grating lobes were generated in
the far-field pattern by periedic "pillowing" of the surface, which was in
turn, caused by errors in "tensioning" the uniformly spaced tie-points.
When the placement of the tie-points was randomized, the grating lobes
were no longer evident [Bailey, 1986]. Figure 4 illustrates the measured
performance of an offset-fed, 5 meter tetrahedral truss antenna operating
at a scale frequency of 4.26 GHz [Dyer and Dudeck, 1986]. It is noted,
that this performance should scale to a 20 meter diameter antenna
operating at a frequency around 1 GHz.

The achievable surface accuracy of the wrap-rib antenna has also been
studied. This antenna design relies on both the accuracy and on the .
thermal characteristics of the rib cross-section to define the reflector
surface formed by the mesh. Studies of the performance of a 20 meter
diameter wrap-rib antenna in a space environment indicate that an rms
surface accuracy of 3 mm can be achieved (Freeland, 1987]. This
corresponds, for example, to an rms surface accuracy of A/100 at an
operating frequency of 1 GHz; a value that will ensure low side lobes.
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4. IN-ORBIT TESTS

In order to verify that these large aperture deployable antennas will
perform as required in a space environment, it is necessary to test them
in an environment that simulates, as closely as possible, the zero-gravity
and thermal vacuum conditions found in outer space. Ground testing of
these antennas, even when suitable facilities exist, is extremely
difficult and expensive, and frequently yields results of questionable
value. A flight test of a high-performance, low-side lobe, 20 meter
diameter wrap-rib prototype antenna system on the Shuttle or on another
suitable vehicle is being studied as a means to significantly reduce the
risk and uncertainty associated with the operational use of an antenna and
to provide the added benefit of helping to validate ground test procedures
for future antenna systems (Freeland et al., 1986; Freeland, 1987].

5. SUMMARY AND CONCLUSIONS

There is significant work underway to develop high-performance,
deployable, light-weight, space-qualified reflector antennas with
diameters ranging from 5 meters to over 55 meters and which exhibit
sidelobe levels on the order of 30 dB or more below the peak gain of the
antenna. Axi-symmetric and offset-fed antennas are being developed. A
tricot knit, gold-plated molybdenum wire mesh is used for the reflecting
surface. Analyses, confirmed by experiment, show that a properly chosen
wire mesh reflector surface will not degrade the antenna performance in
the sidelobe region. When this condition is met, the antenna performance
in the sidelobe region is primarily determined by the mechanical
deviations of the reflector surface from a paraboloid. During the course
of developing the tetrahedral truss antenna, it was found that random
positioning of the tie-point locations was an effective means by which te
eliminate the grating lobes exhibited by antennas that use regularly
spaced tie-points.

The difficulties associated with space-qualifying these large-
aperture deployable antenna structures using ground testing has led to the
study of using flights of the Shuttle or other suitable vehicles to
perform the requisite qualification tests. In-orbit testing of a high-
performance, 20 meter diameter wrap-rib antenna is being studied.

It may be concluded on the basis of the on-going work cited in this
contribution that the satellite transmitting antenna radiation pattern
given in Figure 9 of Annex 5 to Appendix 30 (ORB-85) is a viatle reference
radiation pattern to use for sharing studies and for system studies
inveolving satellite sound broadcasting systems operating in band 9.
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WRAP-RIB HOOP / COLUMN

Figure > - Partially and fully deployed wrap-rib and
hoop/column antennas (Jordon et al, 1964].
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ANNEX II

Propagation characteristics and link margins of the
UHF satellite chanriel

[CCIR, 1978-82a, b, c] [CCIR, 1986-90a]

1. Introduction

Satellite sound broadcasting to portable and mobile receivers is
different in several respects from its terrestrial counterpart. On the other
hand, there are some similarities with satellite land-mobile communications.

Previous studies by the EBU [CCIR, 1978-82d] and the United States
[CCIR, 1978-82e] considered specific examples of link budgets and link margins
for certain angles of elevation, conditions of reception and other parameters.
Two specific methods have been suggested and various aspects are analyzed and
compared in section 3 of this annex.

The recent experiments have shown substantial agreement with the signal
power distribution functions for large and small area (see section 2). In the
light of the European experimental programme {Jongejans , 1986] , a new composite
propagation model is proposed. This model combines both the small area

Rice/Rayleigh probability function and the large area log-normal probability
distribution.

The design of suitable modulation systems for the type of broadcasting
service will rely on propagation statistics relating to time-delay spread and
correlation bandwidth of the transmission channel. These concepts, together with
other related topics, have not been previously discussed in Report 955; they are

now presented in section 4 of this annex, together with the recent experimental
data. y

2. Propagation models

The probability distribution functions relevant to the reception of
satellite signals were found to correspond to a number of statistical
distribution models related to the specific environment. These distribution
models are generally different in so-called "small areas" and "large areas".
The former are usually defined as locations extending over a number of
wavelengths (for example over 40 wavelengths resulting in a distance of about
10 m). The latter extend over several small areas.

2.1 Large area distribution function

On large areas, it has been féund experimentally [Guilbeau, 1979; Hess,
1980; Lutz, 1986, Jongejans 1986], that the probability distribution function of
the mean received signal power takes the log-normal form:
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Py (5.5 e @) = (K/Se 0)) exp [(-1/2) ((Lso -y)/a)z}

K = 10/ Zx1n10) (1

where:

So(W): mean received signal power over a small area;

S¢g(W): mean received signal power over a large area under free space
propagation conditions;

Lgo(dB) = 10 log(So/gf, level of So relative to free space level;

p(dB) = mean of Lg, over a large area;

g(dB) = standard deviation of Lg, over a large area.

In equation (1), the mean value and the standard deviation are both expressed in
terms of dB, relative to the free-field power level, in order to facilitate comparison
between the theoretical model and measured data.

The large area model given above was experimentally verified and confirmed by
[Lutz ec al, 1986] and [Jongejans ec al, 1986]. Using the same motacion as in equation
(1), the following parameter values were measured (see Table XVII).

TABLE XVII =~ Measured large area parameters for verious environments
Environment Antenna ugp(dB) gsh(dB) CEF p1os(dB) (C/M) 105 (4B}
Urban c3 -10.7 3.0 0.60 -1.8 3.0

D5 -12.2 4.4 0.78 -4.9 9.3
S6 -12.9 5.0 0.79 -5.2 . 11.9
c3 . =9.3 2.8 0.59 -2.7 9.9
Woods DS -5.3 1.3 0.5¢ -1.8 10.7
S6 -5.8 1.1 0.56 -2.1 12.9
Highway c3 -7.7 6.0 0.25 -0.4 11.9
S6 -7.0 4.8 0.23 -0.6 18.3

where:
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HBgh(dB) : s in shadowed areas,

H 10s(dB) : 4 in non-shadowed (line-of-sight) areas,

osh(dB) : standard deviation of S, in shadoved areas

CF - : clutter factor, defined as the proportion of the time for
::: e:irec: path being obstructad assuming a constanc vehicle

(C/M) 105 (dB) : ratio of direct (carrier) signal to the diffuse mulripath
povwer in non-shadowed (lina-of-sight) areas

c : hemispherical pactern, 3 dBL gain
D3 : toroidal pattern, 5 dBi gain
L1 : torecidal pattern, 6 dBi gain

Several points may be deduced from Table XVII,

- The measured average power levels in shadowed areas ars very much less than those in
non-shadowed areas in the same envirormencs; for exawple, in urban zones the additicnal
actermation due to shadewing may be as high as 9 B, in the woods 6.5 dB and on
higivays 7 dB. It follows that the main problem in providing a service is to overcome
shadowing effects.

- The influence of the type of the receiving antenna seems to be quitas significanc
especially on the ratio between the direct componant and the muilcipath power in the
ton-shadowed areas.

- In uwban areas, the shadowing loss is proportional to the antenna gain.
Standard daviation, ¢, and C/M ratio are propertional to the anterma gain. This last
fact may be significant in the design of digital modulation systems for reception in
urban areas. :

In the European experiment simulation of the satellite transmission
conditions were created by positioning the transmitting antenna on the Eiffel
tower in Paris and measurements were made at a frequency of 839 MHz and for an
average elevation angle of 25° [Guilbeau, 1979]. From this reference one can
extract the parameters for equation (1). Table XVIII lists these parameters
together with the values predicted from US data for the frequency of 839 MHz and
an elevation angle of 25°. The values of the PROSAT expriment are derived from
Table II.
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TABLE XVIII
Urban zone
Parameters of log-normal Average | Obstructed Direct
distribution for urban areas visibility | visibility
¥ (dB) Guilbeau -7.5 -11.5 -0.7
(UsA) -6.3 -10.1 -2.6
PROSAT -6.3 -10.7 -1.8
d (dB) Guilbeau 3.2 2.9 2.0
(UsA) 3.7 4.3 3.1
PROSAT - 3.0 -

From this table it can be seen that reasonable agreement exists between
the three experiments,

Measurements made with the ATS-6 satellite in the United States [Hess,
1980] provide values for M ‘and 0 for different areas under different receiving
conditions. From the.above reference a simple method for the assessment of u and
6 can be derived as follows:

(2)
(3

‘B = <{A+1.93f - 0.052 5]

‘e =172 [B+ 0.053 £+ 0.040 5]

where the parameters u, d, Eo and §f are defined in Equation (1), and
f: frequency (GHz)

§: elevation angle (degrees)

Values for A and B are given in Table XIX for different receiving conditions. In the Table direct visibility
indicates’ instances where the streets in the urban area are running parallef to the satellite azimuth and obstructed

visibility is on streets running perpendicular to the satellite azimuth combined with the unfavourable side of the
street.

CCIR\10-11S\1011E.TXS
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TABLE XIX
Urban zone Suburban/rural zone
Average | Obstructed Direct Average | Obstructed Direct
visibility | visibilicy visibility | visibility
A(dB) 6.0 9.8 2.3 . 1.1 5.1 0.5
B(dB) 6.4 7.6 5.2 1.1 2.4 -

These values were partially derived from [Hess, 1980] by extrapolating
with the assumption that sensitivities were 0.1 dB/percent for rural and
0.2 dB/percent for urban areas, below the specified 90% coverage level. They
were confirmed by the European experiments [Lutz and Jongejans ,1986] for urban areas
and woods. However, this modelling does not seem to be appropriate for the non-
shadowed highways.

2.2 Small area distribution functions

The recent European [Jongeans,1986] and United States’ data indicate
that the small area behaviour of the received signal can be modelled by a Rician
distribution (constant vector plus Rayleigh distributed vectors),

If the ratio of direct signal power C to the diffuse miltipath signal
power M is deroted as C/M, the ervelope probability distribution in an isolated
small area is given by equation (4):

P(r) = (M (ep (-22/2 - CM) - 1, [r JCM] ) @)

The parameter C/M is important as a measure of fading characteristics®
of the channel. If C/M is high, the envelope probability distribution p(r)
approaches a Gaussian distribution with mean /2C and standard deviation M. 1f
C/M is low, p(r) approaches a Rayleigh distribution since: the modified Bessel
function of first kind zero order

Io(z) = } zZn/22n @2 =l+2z2/6 4+ ..,
™0
approaches 1 as z approaches 0.

2
The corresponding probability density of y = EE is given by:

r
PR = (€M + 1) exp [-y(CHM + 1) - Co] + I, [25C1 + SADCHM) s
where: '

y=-r/22. 3/s4

* The time intervals with raceived pover level below a certain threshold are called
fades.

CCIR\10-11S\1011E.TXS
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The level crossing rate (LX) at the level V is given by equarion (6):

b
LCR = —— Pp(V) (6)
J2x
vhere pp(V) is the emvelope of the Rice probability density fimetion at the value V, and b
is the function of magnit:de and the frequency content of the multipach reflections:

be2gx2 Bd? . M, vhere By .is a Doppler spread.

: Equation (6) shows that the level crossing rate and probability densicy functiom
are closely linked. Therefore, the paramecer C/M of PR(Y) can be detemmined through the
measurement of LCR. -

The average'fade duration (AFD) at the level V is given by:

v
AFD = (1/LCR) [ py(r) dr )
o

AFD is an important factor in designing a digital transmission system
which should be designed in such a way that it overcomes long fades using a
complex interleaving system.

The validity of the Rice model has been demonstrated by the
PROSAT experiment on the basis of a composite log-normal - Rice mode

(see §2.3).

Some typical average values of C/M for non-obstructed visibility
are given in Table XVII (see §2.1). Since C/M is the only parameter pr(y)
given by equation (5), the Rice probability function pgr(y) is fully
characterized if C/M is known.

In /Jongejans, 1986/ some typical values of LCR and AFD at mean
envelope level are given for vehicle speed 30 km/h. They are reproduced in
Table XX below:

TABLE XX - The LCR and AFD values in different environments

LCR (Hz) AFD (ms) |
Open area 30 20
Suburban . 14 40
Rural ’ 16 33
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2.3 The combined propagscicn model

European researches [Jongejans, et al, 1986] and [Luz=, 1988] concludad that the
probabilicy densivy functicn of the received pover should cocbine log-norwmal and Rice
(Rayleigh) distribution-in order =o take accouns of both large-area variations and swmall-
area variacions. The distribution of inszantanecus valums in a ssall area is obtained by
considering a Rice or Rayleigh variable whose mean value is icself a random variable
having a log-norzal distribution. The combined diseribution of the received power S may be
described as shown in equation (8)*

. s, : 3. .
P(S) = CF fo P.(S.50) P;a(So) dSo +(1-CF) L Pg(S,S0) P1p(So)dSo (8)
where:
So t  average received signal i;ower over szall area (Sy = C + M)
P(S) : combined discribution densicty fuimction of the instantanecus received

pover in a small area )
Pr (3.50) : Rayleigh distibudon over obszucted (shadowed) small areas

PLN (So) : dismibudon of mean power of small areas dismibuted over a large area

Sm : maximum obstructed power over a large area concerned
PR (5,50) : Rice distribution over nobstructed (renshadowed) small areas

SM : Maximum line of slight power overa large area concemmned

& : clucter factor, defined as the proportion of the time for the difect
path being obstructed assuming a constant vehicle speed.

Figures 52) and 5b) shew complementary cumulative probability distribution fim=tions
of the normalized received power on highway and in cicy emviromments (lucz ec al, 1986].
The two figures are plottad on s Rayleigh scals. The full lines represent the theoretical
channel model. Statistics of the recorded chammel obrained by the measurements are
designated as dots.

Three parts of the curves can be distinguished. At low values of the received
-power, the curve slope approximates the slope of the straight diagemal line which
corresponds to a Rayleigh distribution; thus this part of the curve has clearly Rayleigh
characreristics. At high values of received pover, the slope of the curve indicactes a
Rice distribution; on highways, the Rice law is followed in 80% of small areas
whereas in city enviromments it applies in 20% of small areas. The central part of the’
curves follows a log-normal law.

Similar results have been obtained [Jongejans ec al, 1986]. They all demcmstrate
very good compliance berween the theoretical models and the measuring results.
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[Lutz, 1986]

a: Highway, antermna $6
b: Cicy, antenna S6

3. Link margians

For a satellite sound-broadcasting system, the link margins must be carefully specified — they shouid be
neither optimistic nor pessimistic. An' optimistic estimate will result in the service quality objective not being met,
whereas a pessimistic estimate will needlessly result in the over-design of the satellite. Both of these extremes have
substantial cost implications.

Two specific methods for the calculation of the required margins needed
to provide a given quality of service are indicated below:

3.1 Method 1

Method 1 requires that in a small area the received signal envelope must be above the receiver threshold
with probability 0.9:

P(r>Re) =09 = [ pir)dr )
2

where

- Ry

is the receiver threshold and pr) is given by equation ().
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It is also required that this condition be met over a larger area with
probability 0.9. Invoking the large area probability distribution given in
equation (1):

P(So 2 §;) = 0.9 = jp(so)dsu (10)
. 4
E,2

Where 30 - + 0,2, which satisfies equation (9).

2

Equation (9), conditioned by equation (10) can be solved numerically using
Marcum's Q fuctions [Bremnan and Reed, 1965] or by using the tables supplied by
[Nortion gt 3l., 1955]. Bothe methods were used in calculation as a cross check
on each other. Equations (9) and (10) were solved to satisfy the given
probabilities in terms of G = s + 10 log (2 §,/R,?) which is the difference
between the large area mean received power and the receiver threshold. Total
link margin is given by L = G - u (in dB).

Table XXI shows the results of the above calculation for the frequency of 1
GHz and an elevation of 30°,

TABLE XXI
Urban zone Rural zone
o (dB) 3.8 1.2
B (dB) -6.4 -1.5
G (dB) 15.4 6.1
L (dB) 21.8 7.6

It should be noted that the values used for ¢ and p are average values and
are not those applicable to the cbstructed visibility case.

The calculated margin of 21.8 dB for the urban area compares with the observed margin of 24.2 dB
(translated to | GHz) in urban Denver of the United States {Hess, 19801

It is pointed out that the computed margin depends on the required service quality and coverage. In this
example it was assumed that the required service quality was achieved when the signal was above threshoid with
probability 0.90, and that this condition was to be met with probability 0.90 over the coverage area. Other
requirements will lead to different margins.

3.2 Method 2
Method 2 requires that the received signal envelope in a given arca must be above the receiver threshoid

(Ry) with probability 0.9. This leads to:

-

P(r2Ry) = 0.9 = / f p(r)p(Sq)dr ds, (11)
o R

This integral is evaluated numerically using Marcum’s @ functions in steps of G = 10 loge (2857 Re%).

CCIR110-11S\1011E.TXS
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Results are shown in Table XXII1, again for the frequency of 1 GHz and elevation
angle of 30°, ’

TABLE XXIE
Urban zone L Rural zone
" o @B ' 18 " 1.2
- U @B i -6.4 ; 1.8
. G (dB) i 12.0 A 4.4
. L (dB) [ 18.4 ' 5.9

These calculated values may be compared with measured values. Measurements were made so as to
determine the margin as a function of the percentage of locations [ Guilbeau, 19797.

4, Frequency selectivity effects

Another important characteristic of UHF radio propagation chanmel in urban and
suburban mobile radio evvironmant 1s the aiiscence of multiple propagation paths
vith different and varying time delays. In the case of sound satellite
broadcasting, the shortest (direct) path between the satellite and the portable
recelver is often blocked by intervening buildings, so that propagation by way of
scatter or reflection from buildings around the receiver is significant. Two
cases should be considered:

- a stationary receiver; in this case, the radio channel, and thus the propagation
statistics of the link, is relatively stable. The multipath propagation
characteristics can be described in terms of the multipath spread and. correlation
bandwidth.

- a moving receiver, the propagation statistics of the radio link is a time-
varying function. Different Doppler shifts are associated with scatter paths
arriving at the vehicle receiver from different angles. In this context, the

key terms are the Dopoler spread and correlation time.

The statistical functions which describe the frequency and time selective
radfo link can be readily obtained by measuring the complex bandpass impulse
response of the link. These statistical descriptors and parameter values set
bounds on digital communication system performance parameters.
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4.1 Delay goread and correlation bandwidth

Consider a statistically stationary channel first. Two spectral componentcs of
a modulated signal which are close in frequency will fade in a correlated vay,
i.e. the two sets of phasors resulting from a given multipath environment will be
similar in amplitude and phase. As the frequency separation between the two
spectral components increases, the correlation between the two sets of phasors
reduces, resulting in amplitude variations (decorrelation) as a function of
frequency. This 1s known as frequency selective fading. The bandwidth at which
decorrelation occurs is termed the correlation bandwidth.

The delay power spectrum (also termed as the multipath intensity profile) and
spaced-frequency correlation function constitute a Fourier transform pair

(Figure 6).

As.a regsult of the Fourier transform, there is a relationship between
correlationbandwidth of the statistically statlonary channel and of the "delay
spread” of the channel:

Bc’-t:l/To (12)

vhere B, 1s a correlation bandwidth (Hz), and

T, 1s a delay spread (s)

s ar———etiv—————
Pourier cransform pair
At T
l-— Bc - lITo--{ _——-—TO——-!
Spaced-[raquancy fultipach tacensicy profile

correlatioa fumccion

FIGURE 6 - Relationship between T. and B,

The delay spread Lo of the channel is a measure of the width of an average
pover delay profile. Tt is defined asg the square root of the second central
moment of a profile m [ Cox, D.C.,1972 J.

[ M . 1 172
kgl (t, - D P(r,)
T = d
) o " (13)
> P()
k=1 K ]
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wvhere

k=1l,..., M k ranges over the delay axis and M is the index of the last sample
along the delay axis '

P(Tk) an average powver delay profile for a set of N consecutive
individual profiles
D average excess delay. It is defined as the first moment of the

profile with respect to the first arrival delay T,

M
kgl 1&. P(tk)
D - - T R ﬁl‘)
M
2 P(s)
k=1 k

If the correlation bandwidth is small in comparison to the bandwidth of
the transmitted signal, the channel is frequency-selective. In this case, the
signal is severely distorted by the channel. On the other hand, if the
correlation bandwidth is large in comparison to the bandwidth of the transmitted
signal, the channel is frequency non-selective.

In order to overcome the selectivity of the chanmel which may cause
intersymbol interference, the delay spread T, must be much less than the symbol
period Tg or, in other words, the delay-spread to symbol-period ratio, i.e.

Ty = To/Ts, should be much less than 1.

The empirical relationship between the correlation bandwidth at 90%
correlation and the delay spread (see Figure 7) was obtained from [Cox, Leck,
1975} :

B, (90%) = 90/To,

where

B, (90%) is the correlaﬁion bandwidth at 90% correlation between two
spectral components (in kHz) and

To is the delay spread (in ms).
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The corresponding cumulative distribution of delay spreads is shown in
Figure 8 below:
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FIGURE 8 - Cumulative distribution of delay spread
[Cox and Leck, 1975
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It can be deduced from the above figure that about 10 percent of small
areas have Ty > 2.5 ps and about 50% have Ty > 1.2 Hs.

The corresponding cumulative distribution for B(90%) is depicted on
Figure 9 below:

1300 4
ong &

00 «
500 4
400 4
300 o

200 -

100 4
30 -
40 <
50
40 -
09

20 o

Correlation bandwidth at
90% correlation (kHz)

i0 T ———— T

Y Y
12 51020 40 «@ 0 ” ” toc

Percent of locations where B (90%) < ordinate

FIGURE 9 - Cumulative distribution of correlation
bandwidth at 90% correlation
[Cox and Leck, 1975}

Delay spreads have been measured in residential locations and in a
medium sized office building [Devasirvatham, 1986]. The worse case delay spreads
of less than 325 ns were obtained when the propagation path followed line-of-

sight. When there was no line-of-sight between transmitter and receiver, the
delay spread increased up to 422 ns. »

Doppler spread and correlation time

In the case of a moving receiver, the time variations of the
propagation link result in a Doppler broadening of the received spectrum. If a

pure frequency tone is transmitted, a Doppler spread By of the channel can be
measured.

Analagous to our consideration in the previous section, a measure of
the correlation time T, of the channel could be defined:

Te = 1/B4 (16)
where T, denotes the correlation time (s), and

By denotes the Doppler spread (Hz).
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A slowly changing channel has a large correlation time and a small
Doppler spread. Figure 10 shows that the Doppler power spectrum and the spaced-
time correlation function constitute a Fourier transform pair.

Fourier trassform pair

t A
] 8 -]
D e arsmnme———.
Te =, s,
Spaced-Cine Doppler powsr spectrwm

cerralacion fumctioca

FIGURE 10 - Relationship between Bj and T.

Fig. 11 shows the averaged signal envelope spectrum obtained during a tige
period of approximately | minute in a suburban area (residential with trees). A
discinct frequency cut-off at around 110 Hz 1is visible in this figure and this
value 1s twice the Doppler frequency fd given by [ Jongejans, 1986 J:

fd = v/a =55 Hz for v = 40 km/h and
f = 1.5 GHz
€ = 27°

This is an indication that in urban environments frequency-spreading of up to
twice the Doppler frequency can be expected due to scattering from surrounding
obstacles. Thus the Doppler spread Bd equals to 110 Hz.
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FIGURE 11 - Spectrum of signal envelope (suburban area);
vehicle speed: 40 km/h frequency: 1.5 GHz
[ Jongejans, 1986]
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ANNEX IIT

Summary description of advanced digital system I

L CCIR, 1986-90a 7

1. Introduction

This annex presents a flexible concept for the implementation of a satellite
sound broadcasting system to serve portable and vehicular receivers. The concept
is based on the selective use of advanced digital techniques such as
convolutional coding, spatial diversity, and Viterbi maximum likelihood
decoding. The unique characteristic of this design concept is that varying
levels of complexity of the-advanced digital technologies are incorporataed
into different types of receivers only as they may be required by the
intended operating environment of the receiver {Miller, 1987]. Thus, to
achieve approximately the same overall level of performance, the simplest
type of portable receiver operating in high signal-level areas requires
only a simple decoder while a vehicular receiver operating in heavily
shadowed, rural areas with Rayleigh fading requires quad-spatial
diversity, with maximal ratio combining and Viterbi decoding added to
provide a very high~quality (Q=4.5), monophonic, sound program channel.

2. - Sound coding and modulation

The significant characteristics of the advanced digital satellite sound
broadcasting system are given in Table XXIILIt is a monophonic or stereophonic sound
broadcasting system using adaptive delta modulation with a dynamic range of
85 dB and a sampling rate of 204 ksp/s or 48 ksp/s (kilo samples per second)
respectively to provide a measured instantaneous signal-to~noise ratio of at least
58 dB in a 15 _kHz baseband bandwidth. Subjectively, at a bit error ratio (BER) of
less than 1073 this corresponds to an impairment rating greater than 4.5 (see
Report 632-3).

An R=1/2, K=7 convolutional code is used for forward error correction in
conjunction with QPSK (4-PSK) and coherent detection with 3 bit quantization at the
Teceiver. Symmetrical phase shift keying is assumed.
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TABLE XXIII- Significant characteristics of example advanced digital system I

S/ objective (dB) 58
Baseband bandwidth (kHz) 15
Sound encoding method (ksp/s) ADM, 204
Forward error correction Convolutional code, R = 1/2, K = 7
Modulation method QPSK
RF bandwidth (kHz) : 400
Demodulation method Coherent
Demodulator quantization (bits) 3
Interleaver/de-interleaver
N 31
M (symbols) 16 384
Decoder Maximm likelihood, Vitarbi decoder with
soft decisions
Nominal BER objective 10-3

The combination of QPSK with coherent detection, and the use of
interleaved/de-interleaved convolutional forward error correction coding and
Viterbi maximm likelihood decoding requires an Ey/N, of 3.8 dB for an additive
white Gaussian noise charmel (AWGN) (applicable to portable reception) and an Ep/N,
of 7.4 dB for a memoryless Rayleigh fading charmel (applicable to vehicular
reception). The use of these techniques provides a coding gain in excess of 37 dB
at a BER of 10°3 when compared to uncoded transmissions over the Rayleigh fading
charmel.

The performance given above for forward error correction techniques on
the Rayleigh fading charmel is based on the assumption that the received symbols
undergo independent fading. That is, there is no correlation of the received
signal energy from one symbol to the next. One way to ensure that adjacent symbols
are uncorrelated is to use an interleaver/de-interleaver pair. This technique is
effective for a vehicle velocity greater than a designed minimm value (10 m/s for
the example system). Another possible way to mitigate the effects of deep fades on
adjacent symbols is to use spatial diversity on the wvehicle (two or more antermas)
to provide service continuity when the vehicle is stopped [Miller, 1987), see also
section 3.

A convolutional interleaver shown in Figure]p has been chosen for the satellite
sound broadcasting application. Synchronization of the de-interleaver is accomplished
using a technique proposed by [ Viterbi, et al, 1979 ] and described in
{Clark and Cain, 1981]. Referring to Fig.l2, a synchronization sequence is added
modulo 2 to the coded symbols at the interleaver imput and removed modulo 2 by a
local estimate of the sequence at the output of the de-interleaver. When the
de-incerleaver is not synchronized with the interleaver, the synchronization
sequence is not removed from the imput to the decoder. This results in a BER of
0.5 at the imput to the decoder. This condition is easily detected by the decoder
and the local estimate of the sync sequence is incremented by one symbol duration.
This new estimate is tested and if the BER is significancly less than 0.5,
synchronization of the de-interleaver occurs.



N

- 67 -
10-115/1011-E

The use of the synchronizing sequence has two othar advantages:

- it ensures 2 minimm density of transitions in the transmitted Qequence which
lmproves carrier tracking and symbol synchronization at the receiver, and

- it spreads the transmitted power spectral density and will thus facilitate
sharing between tha broadcasting-satsllite service (sound) and terrestrial
services.

3. Spatial diversity

‘Spatial diversity is based on the use of multiple antennas. The
antennas must be-spaced sufficiently far apart so that the received
signals at each antenna fade independently. For a terrestrial mobile
system, the required spacing is on the order of one-half wavelength or
greater {[Lee, 1982]. Comparable spacings are required for space-to-earth
paths [Hess, 1980].

The probability of error on a Rayleigh fading, convolutionally coded
link that is received with an Mth-order spatial diversity, maximal-ratio
combiner receaiver and a Viterbi decoder has been evaluated (Miller, 1987].
Table XXIV gives the results of BER calculations for 3rd and 4th order
diversity with maximal ratio combining. It is seen that 4th order
diversity with a mean bitzenergy-to-noise density per branch of about
7.4 dB achieves a BER=10"°.

TABLE XXIV - Probability of error for R=1/2. K=7 convolutional code
with Mth spatial diversity and maximal ratio combining
(Eb/No corresponds to the mean bit—energy-to-noise density per antenna)

+

+

Eb/No Pe .
(dB) (M=3) (M=4)"
2.0 7.821E-03 1.234E-03
3.0 4.295E-03 5.382E-04
4.0 2.318E-03 2.307E-04
5.0 1.232E-03 9.744E-05
6.0 6.478E-04 4.068E-05
7.0 3.373E-04 1.682E-05
8.0 1.743E-04 6.904E-06
9.0 8.948E~Q5 2.816E-06
10.0 4.572E-05 1.143E-06
11.0 2.327E-05 4.621E-07
'12.0 1.181E-05 1.863E-07
13.0 5.976E-06 7.488E-08
14.0 3.018E-06 3.004E-08
15.0 1.522E-06 1.203E-08
16.0 7.667E-07 4.814E-09
17.0 3.857E-07 1.924E-09
18.0 1.939E-07 7.684E-10
1.0 9.744E~08 3.067E-10
20.0 4.893E-08 1.223E-10
‘oo . - .
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ANNEX IV
SUMMARY DESCRIPTION OF ADVANCED DIGITAL SYSTEM II

[CCIR, 1986-90a, b, c]

1. Introduction

The purpose of this annex is to describe a new sound radio broadcasting
system specifically adapted to channels impaired by multipath distortion. The
general philosophy consists in breaking down the information to be transmitted
into a large number of low bit rate elementary sub-channels, which turns a
highly selective wideband channel into a large number of unselective FDM
narrow-band channels. This solves the intersymbol problem by increasing the
symbol time in the ratio of the number of sub-channels.

Combined with this FDM narrow-band transmission technique, the use of a
convolutional coding system suited to the fading character of the channel
substantially enhances the performance obtained. In a Rayleigh selective channel
the performance in terms of Ep/N, for a given bit error ratio approaches that
for a Gaussian chanmnel to within about 2 dB using the same channel coding
scheme.

L2, Signal desc t

The transmitted signal is a Coded Orthogonal Frequency Division
Multiplex (COFDM) using equally spaced and mutually overlapped carriers.
(Pommier and Wu, 1986; Alard and Lassalle, 1987.] With this arrangement each
carrier is an element of a Discrete Fourier Transform of the overall transmitted
signal (Figure 13). The receiver as well as the transmitter structure is then
based on the use of a Fast Fourier Transform (FFT) algorithm. The multiplexing
of the sound channels should be chosen to permit reduced receiver complexity
vhen each given service occupies only a part of the total capacity. Indeed, as
the receiver has then to deal only with a part of the transmitted data
multiplex, the basic idea is to arrange the coding and modulation such that one
given part of the data multiplex can be processed separately from the others.
This can be done by either a frequency or a time division multiplex. When the
frequency division multiplex is used, programme selection and demodulation can
then be effected by decimation of the FFT algorithm so as to restore the wanted
programme. In both cases, receiver tuning and demodulation are therefore
entirely digital. :

3. Use o interva

With the COFDM technique the selectivity effect of the channel is
largely reduced in proportion to the number of carriers. An additional provision
against intersymbol interference is taken by transmitting symbols of a period
greater than the nominal value. This additional guard interval absorbs all the
intersymbol interference generated by any delay spread ranging from 0 to the
guard interval durationm.

CCIR\10-115\1011E.TXS
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4, €hannel coding

A convolutional code processed with soft decision is used in
conjunction with a two dimensional interleaving:

- time interleaving, which is useful with mobile reception;

- frequency interleaving, which is essential for this system in
urban environments, for fixed reception and stationary vehicles.

Figure 14 shows the error rate as a funetion of the mean Ep/Ny ratio in
a frequency selective channel of which the correlation bandwidth (see also
Annex II) is small in comparison to the bandwidth of the transmitted stgnal and
where the COFDM technique is used. Curves show the performance with
convolutional coding (R = 1/2, k = 7, Dfree = 10) for 2PSK and 4PSK with
differential and coherent demodulation compared to that of the uncoded system.
The COFDM modulation technique using convolutional codes effectively solves the
frequency selective fading problem.

3. Source coding

Digical scund broadcasting requires significanc bit-rate reduction of
audio signals while Preserving excellent quality of the sound. Recent
progress in source coding techniques has made available coding and decoding
procedures cthac allow bit-rate reductions from 16 bit/sample as currently used
in digictal audio equipment to about 2 bit/sample; using a sampling frequency
of 48 kHz, che total bit rata of a monophonic signal i{s around 100 kbit/s.

In order to match the quantizing noise to che human ear character-
iscics, two different source coding techniques are under investigation. They
both use gpectrum analysis techniques and frequency-dependent bit-allocationm.
The goal of these advanced coding schemes is to give compact disc quality and
the preliminary results have shown that this goal is likely to be achieved.

5.1 Iransform coding

This coding method involves the convarsion of a block of consecutive
samples into the frequency domain <Krahé, 1986, Brandeburg, 1988, Johnston,
1988> (e.g. Fourier transform or cosine transform). This stracegy enables a
reduction in the redundancy of the audio signal and also a matching of the
quantization to the chresholds of percepcion of quantizing errors. Only those
values of amplictude and phase that are relevant with respect to the masking
effects of the human ear ara quantized.

5.2 . ub-ba co

This coding method divides the broadband signal into a number of
sub-band signals with a suitable filter bank and inee digical frames of about
4 co 10 as long <Theile et al., Dehery, Vords, 1988)>. In each frame, the
maximum level attained by each sub-band signal (i.e. the scale-factor) is
quancized and transmitted. Each sub-band is quantized with the bit-alloeation
based on the masking thresholds. This method avoids problems with time domain
windowing and whatever the dynamic range of the inpuc signal, it optimizes cthe
distribution of che quantizing noise across the spectrum with regard to the
perceptibilicy. Sub-band coding is characcerized by an inherent low
sensictivicy to transmission errors because the spectrum of che noise energy is
confined to a single sub-band and is limited by the scale-factor if chis one
is satisfactorily procecced.

CCIR\10-11S\1011E.TXS
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ln cthe sub-band coding, the basis for dynamic bic-allocation to che
sub~bands 1s an exact calculacion of the instantaneous masking chreshold in che
coder. The bic-allocacion control dacta zre cransmitced together with the
scale-factors as side-information. Thus the complexity of the decoder is .
reduced to inverse filtering operation. This technique gives a constant bit rate
by providing optionally a dynamically varying bit-rate margin, which can be
used, for instance, to transmit arbitrary data.

6. System considerations

The very first realization has been developed in France to validate
the system principles. It offers a capacity of 16 stereophonic sound
programmes, each with an individual capacity of 336 kbit/s, in an overall
bandwidth of 7 MHz.

Nevertheless, the results already achieved in audio daca bit-rate
reduction and the assurance, based on the knowledge of the channel behaviour,
that a 4 MHz band is sufficient to provide an exceilent qualicy, led to two

. sets of representative system paramecers for the link budget: '
- system A, which transmits 16 stereophonic programmes each with an
individual source bit rate of 168 kbit/s, in a 4 MHz band;

- system B, which transmits 12 stereophonic programmes each with an
individual source bit rate of 224 kbit/s, in a 4 MHz band.

The existing realization described below has a capacity of 33 channels
(CO to C32). The chanmnel CO can be used for data broadcasting. Channels Cl to
C32 are nominally allocated to sound broadcasting. Each one can transmit a
high-quality monophonic sound compressed at 168 kbit/s, a rate that includes
program-related data. The general architecture of the system is shown in
Figure 15.

6.1 4 du s

The basic parameters for the first version of the COFDM system are as
follows:

Symbol duration Ts = 80 us

Useful period cs = 64 us

Guard interval 4 = 16 us

The 16 ps duration of the guard interval absorbs multiple paths in
almost all practical situations. Loss due to the guard interval amounts to
approximately 1 dB. In addition, symbol Tg is of sufficiently short duration to
ensure temporal coherence in the received signal, even at mobile receiver speeds
of approximately 200 km/h and an operating frequency of 2 GHz. This condition is
vital if the demodulator is to funetion correctly, whether it is of the
differential or, a fortiori, of the coherent type.

gz.

(1)

The multiplex consists of 445 carriers spaced by l/t_, i.e. 1362
The resulting bandwideh is approximately 7 MHz., Each of the Zarriers is
modulated in 4~PSK with differencial coding. This allows for simplifiad
receivers basad on differencial demodulation.

CCIR\10-11S\1011E.TXS
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6.2 Frame organization

Time Division Multiplex is based on a frame of 300 symbols, or time
slots, i.e. 24 ms, as shown in Figure 16. The first slot in the frame is always
set to zero and is used for receiver synchronization. The second slot is a
frequency sweep used as a phase reference for differential demodulation. The
third slot transmit static data. The remaining 297 slots are divided out between
the 33 channels, each channel having nine consecutive slots.

6.3 Channel codin stem

The channel coding retained is of the convoluciomal type. For each
channel, a block is formed corresponding to the daca transmitted in one frame,
i.e. 24 x 168 = 4032 bits. The convolutional code has a rate 1/2 and a
constraint length k = 7, forming an 8064 bits block ac the output. The data
from the convolutional coder are then interleaved in time over L6 frames,

i.e. 384 ms. Frequency interleaving spreads the data over the 448 carriers of
the multiplex.

6.4 Diversity technigue

The diversity techniques play a vital rdle in the system. The
convolutional code cannot funccion correctly in a Rayleigh channel unless
independent Rayleigh laws have been allocated to the successive samples
presenced to the Viterbi decoder. As shown in Sectionm 6.3, the temporal
interleaving extends over 384 ms, which, in the cazse of frequencies of the
order of 500 MHz to 2 GHz, provides the necessary. independence even when the
vehicule is travelling at very low speeds. When the vehicle stops, then the
frequency diversity alone ensures that the system functions correctly. From
this point of view, the existence of multipath propagation is a form of
diversity and should be seen as an advantage for this system,

6.5 ou co te

The prototype implementation of an advanced source coding system called
MASCAM (Masking Adapted Sub-band Coding And Multiplexing) was developed in
Germany (Federal Republic of). It used a sampling frequency of 32 kHz and a
static bit-allocation. Further work has been carried out in European research
centres (Theile et al., Dehery, 1988] in order to optimize a 48 kHz sub-band coding
scheme with a view to establish the best trade-off as regards subjective
quality, bit-rate, delay, bit-error ruggedness, decoder complexity and post-
processing capability. The studies have been oriented in two directions:

- redesigning the characteristics of the sub-band analysis and
synthesis filter bank in order to improve the corresponding
spectral analysis and quantizing noise confinement property and
in addition try to reduce the overall coding-decoding delay;

- applying a dynamic bit-allocation, based upon an exact
calculation of the masking threshold. The resulting bit-rate for
transmitting an audio signal providing a subjective quality of
16 bit linear could in such a case be reduced to less than
100 kbit/s per monophonic channel.

The block diagram of the new coder using a sub-band coding scheme is

" shown in Figure 17. Further informacion on advanced source coding schemes is

given in Report [Study Group 10].

CCIR\10-11S\1011E.TXS
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7. Receiver design
The general architecture of the receiver is shown in Figure 18.

7.1 RF. IF and baseband

The receiver input scages are totally conventional in cthe RF stages.
In IF, channel filtering 1s performed by a-SAW filter with a bandwidch of
7.5 MHz. The IF signal is then demodulated and the signais I and Q are
converted into digital form. Noce that the local esecillacor corresponds to che
center of the channel. In order to avoid any mixer isolation problems, che
carrier corresponding to chis frequency is not emitted.

7.2 - Demodulatio the CO

The incoming signal is demodulated by a processor which performs a 512
complex point FFT in about ! ms. This allows for the processing of two
elemencary chamnels in a real time, i.e. one stereophonic sound. The
448 useful carriers are then demodulated differencially using complex
mulciplicacion.

7.3 Viterbi decoding

The Viterbi decoding function is performed by a cuscom designed
integrated circuit which provides for a large range of codes arong which 1is che
R=1/2, k=7, 0D, = 10 code, and can process a maximum useful race of the

. . _free
order of 500 kbic/s. .

7.4 Synchronizatjon

Synchronizacion is performed digically by measuring che energy
received and dececting slct 0. This first escimace provides a mean of
preposictioning the FFT window. This positiouning 1is then refined by a channel
impulse response escimacion.

7.5 Sound decoder

The sub-band decoder (Figure 19) is characterized by inverse
transcoding and by inverse filtering of the sub-band samples. For inverse
transcoding the allocation control and the scale factors are used.

The computation power required by the decoder is significantly less
compared to the coding process and is mainly determined by inverse filtering,
characterized by simple structures which can be easily implemented in a special
VLSI.

8. Experimental results

The remarkable performance of the system has been particularly
confirmed by the first demonstration of COFDM/MASCAM, which was organized under
EBU’'s auspices during the WARC ORB-88 in Geneva [Ch. Dosch et al., 1988].

The COFDM/MASCAM signal cransmitrted at 834 MHz from the top of che
tiont Saléve was received in a demonstration car travelling in che streecs of
Geneva. The quality of the transmission monitored both on loudspeakers and
headphones was excellent, even when the car was shadowed by the buildirgs and
11 strong multipach condizienms.

CCIR\10~11S\1011E.TXS
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The modulation and source coding parameters of the experimental system
are given in Tables XXV ard XXVI, respectively.

The subjective quality of the sound received in the car was evaluated
after the demonstrations on the basis of the replies to the questionnaires given
to the delegates.* 70% of all participants could not detect any interruptions
at all during the 20 mirute ride. Only 30X of the participants noticed one to four
disturbances, such as clicks, short beeps or brief mutings. All participants
judged the sound quality as more then adequate. 80X of the participants
evaluated the overall performance as "excellent" {(i.e. grade 5), and no
passenger assessed it worse than "good" (i.e. grade 4).

TABLE XXV
aramete th mented ve c
Total number of carriers prcecessed by FIT 512
Total number of useful transmitted carriers i 448
Spacing between two successive carriers 15625 Hz
Useful symbol period : 64 us
Total bandwidth 7 MHz
Modulation 4 PSK
Interleaving: - time domain (not implemented in
Geneva demonstrations)
- frequency domain 7 MHz
Demodulation differential
Channel coding convolutional cede
- rate 1/2
- constraint length 7
- free distance 10
Channel deccding maximum likelihccd
Viterbi decoder
Total useful bit-rate 5.5 Mbit/s
Number of stereophonic sound programmes 16

* More than 200 delegates attending WARC ORB-88, from 40 countries,
participated in a test drive in the car.

CCIR\10-115\1011E.TXS
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TABLE XXVI
Syste arameters of the first implemented version o SC
Bit-rate per mono channel -~ Total bit-stream 168 kbit/s
~ Samples 112 kbit/s
- Scale~factors 24 kbit/s
- Error protection- 32 kbit/s
Number of sub-bards 24
Width of sub-bands 500 Hz (up to 8 kHz)
l kHz (above 8 kHz)
Sampling rate 32 kHz
Block length 8 ms (below 8 kHz)
4 ms (above 8 kHz)
Code~words per block 8 samples
Length of samples 1.56 to 12 bit/szmple
depending on the
sub~band location
Scale-factor length 6 bits
Error protection - Block code Golay (24,12) covering

scale~factors of all sub-bands
- 2 MSB of sub-bands
Nos. 1 and 2

- 1 MSB of sub-bands
Nos. 3, 4 and 5
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~ TELECOMMUNICATIONS SYSTEMS

TECHNICAL ANNEX

" Sharing between MMSS and BSS (Sound)
in the band 1626.5-1644.5 MHz

R Introduction

This Technxcal Annex considers the pOSSLblllty of interference to
uplinks from ship terminals to satellites in the Maritime

" mobile-satellite service in the band 1626.6 - 1644.5 MHz, that

" could be caused by emissions from a BSS (Sound) space statioen
transmitting in the same band.

Two cases are considered: in one case, the BSS (Sound) satellite
is assumed to be spaced five degrees from the MMSS space station
in the geostatlonary satellite orbit: in the other case, the BSS .
(Sound) satellite is assumed to be nearly antipodal to the MMSS
space station.

2. Assumptions

The MMSS space station receiving system is assumed to have the
characteristics shown below. The MMSS is assumed to be using
global beams.

System noise temperature, T (= 1600 K): 32 dB(K)
Antenna gain, on beanm, G,: 20 dBi
Antenna gain, far side lobes, G, sidelobe’ 0 dBi
Antenna gain in direction of earth's limb, G limb? 17 4Bi
System margin, M: s dB
Up link carrier-to-noise density ratio, C/N,: 60 dBHz

The BSS(Sound) space station transmitting system is assumed to
have the characteristics shown below. All such sound broadcast-
ing satellites are assumed to employ antenna beams shaped as
closely as possible to the service area.

It is also assumed that the angle of elevation in all service
areas will be kept as high as p0531b1e to minimize blockage and
attenuation from foliage, by using satellites at essentially the
same longitude. That means that satellites serving equatorial

i
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and near-equatorial service areas will be directed well in from
the limb of the earth. Consequently, only low-gain portions of
the satellite beam will be pointed in the direction of the limb
of the earth from where they could reach a nearly antipodal
satellite. Satellites serving mid- and high-latitude service
areag will have their beams pointed away from the geostationary
orbit in both latitude and longitude, again resulting in only
low-gain portions of the antenna beam being directed toward the
limb of the earth in the equatorial plane, that is, in the direc-
tion of any nearly antipodal satellites. Thus, a maximum gain of
10 dBi is assumed for the broadcasting satellite transmitting
antenna in the direction of antipodal MMSS satellites, '

Transmitted power, 16W per 300 kHz digital channel, P,

after 1 dB losses: 11 4BW
Transmitted power density, per Hz, P, , assuming nearly

uniform spreading of digital signa& (i.e. 52 dB): -41 dBW
Antenna gain, far sidelobes, G sidalobe® 0 dBi

Antenna gain in direction of earth's limb, G .: 10 dBi

‘3 Other constants and assumptions include:

Distance between MMSS space station and BSS (Sound)

space station spaced 5 degrees in the GSO, 4,: 3,686 km
Corresponding free-space loss € 1600 MHz, Lg: 167 dB
Distance between MMSS space station and nearly :
antipodal BSS (Sound) space station, a,: 84,484 km
Corresponding free-space loss @ 1600 MHz, L 185 @B
Boltzmann's constant, K: -228.6 dB(J/K)

3. Calculation of carrier-to-interference ratio, C/I,
S5 degree satellite spacing

()5, intartering = Pro = Ly + G dBW/Hz
= =41 -167 +0 = -208 dBW/Hz
(N) =K+ T
= =228.6 + 32 = -196.6 dBW/Hz
} Therefore, the interference from a nearby BSS (Sound) satellite,

=208 dBW/Hz, will be 11.4 dB below the noise, -196.6 dBW/Hz, and
will have no effect on uplink MMSS performance.
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4, Calcdlation of carrier-to interference ratio, C/I,

nearly antipodal satellites

(I)a,interfaring = Pt,o - L +t6G dBW/Hz

= -31 - 195 +17 = -209 QBW/Hz | -

(N,), as pefore = -196.6 dBW/Hz

Therefore, the interference from a nearly antipodal BSS (Sound)
satellite, =209 dBW/Hz, will be 12.4 dB below the noise, =1%96.6
dBW/Hz, and will also have no effect on uplink MMSS performance.

5, Conclusions

The interference to the uplink to an MMSS satellite from a sound
proadcasting satellite five degrees away, and from one nearly
antipodal, will be more +han 10 dB below the noise of the mari-
time mobile-satellites themselves, and will therefore not cause
noticeable interference to the uplinks of MMSS systems.

o
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CERTIFICATION OF PERSON RESPONSIBLE
FOR PREPARING ENGINEERING INFORMATION
SUBMITTED IN THIS TECHNICAL ANNEX

I hereby certify that I am the technically qualified
person responsible for preparation of the engineering
information contained in this Technical Annex, and that
I am familiar with Parts 2, 25 and 73 and 87 of the
Commission’s rules, that I have elther prepared or .

. reviewed the engineering information submitted in this
amendment and that it is complete and accurate to the
best of my knowledge. -

DR Richard G. Gould
- Registered Professional Engineer

dated: M /', /7‘7/
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Martin Rothblatt

Biographical Summary

Martin Rothblatt graduated from the University of
California at Los Angeles in 1981 with M.B.A., Juris Doctor and
Communications Studies degrees. He subsequently practiced
communications law at the Washington, D.C. firm of Covington &
Burling, where he represented the television broadcasting
industry in high definition television (HDTV) matters. In 1983
he opened a space business consultancy which developed business
and regulatory plans for several currently operating satellite
systems. The consultancy also represented the National Academy
of Sciences on FCC radio frequency matters.

In 1985 Mr., Rothblatt accepted an offer to head up Geostar
Corporation, at that time a start-up firm. Under his leadershlp
as President & CEO, Geostar launched the world‘’s first
nationwide mobile communications and positioning system, and co-
developed with Hughes and Sony the industry’s first hand-held
satellite dish. By 1989 Geostar’s accomplishments supported a
valuation in excess of $150 million.

Mr. Rothblatt also has lectured on domestic and
international telecommunications policy at U.C.L.A., University
of Maryland and the George Washington University'’s Graduate
School.

In 1989 Mr. Rothblatt formed MARCOR, a project management
and consulting firm specializing in the development of critical
1990’'s technologies, especially those merging or combining
multiple high-tech systems.
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. EXHIBIT V
OTHER RADIO STATION INTERESTS

Martin A. Rothblatt, who owns 100 percent of the stock of
MARCOR which, in turn, owns 50 percent of the stock of Satellite
CD Radio, Inc., owns stock in Geostar Corporation, a licensee in

the Radiodetermination Satellite Service.
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EXHIBIT VI
STOCKHOLDERS OWNING OF RECORD AND/OR VOTING
10 PERCENT OR MORE OF THE FILER’S VOTING STOCK

Percentage of Percentage of

Name and Address Stock Ownership Stock Voted
MARCOR 50% 50%
Techworld Plaza
800 K Street, N.W.
Suite 750
Washington, D.C. 20001
New Era Corp. 50% 50%
c/o Kevin MacCarthy

Associates

444 Madison Avenue
‘New York, N.Y. 10022
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EXHIBIT VII

OFFICERS AND DIRECTORS OF SATELLITE CD RADIOl INC.

OFFICERS*
Name and Title

Martin A. Rothblatt
Chairman of the Board &
Chief Executive Officer

Peter Dolan
President &
Chief Financial Officer

Address

MARCOR

Techworld Plaza

800 K Street, N.W.
Suite 750

Washington, D.C. 20001

MARCOR
Techworld Plaza
800 K Street, N.W.

Suite 750
Washington, D.C. 20001

Fletcher, Heald & Hildreth
1225 Connecticut Ave., N.W.
Suite 400

Washington, D.C. 20036

Thomas J. Dougherty, Jr.
Secretary & Treasurer

* Satellite CD Radio, Inc. was incorporated on May 17, 1990.
The principals of the corporation have agreed that the
individuals listed in this exhibit should be officers and
these individuals have agreed to serve as officers, but
they have not been elected as of the date hereof.



DIRECTORS *
Name

Martin A. Rothblatt
Chairman of the Board

Kevin MacCarthy

Michael S. Alpert

Yovette Mumford

Robert Mounty

Sharad Tak

Thomas J. Dougherty, Sr.

Address

MARCOR

Techworld Plaza

800 K Street, N.W.
Suite 750 :
Washington, D.C. 20001

Kevin MacCarthy Associates
444 Madison Avenue
New York, N.Y. 10022

Alpert & Associates
2000 L Street, N.W.
Suite 702

Washington, D.C. 20036

System Builders, Inc.
1 Vande Graaff Drive
Burlington, MA (01803

301 East 62nd Street
New York, N.Y. 10021

Tak Communications
1577 Spring Hill Road
Vienna, VA 22180

7308 Burdette Court
Bethesda, MD 20817

* Except for Martin A. Rothblatt, who has been elected as a
director by the incorporator, the principals of the
corporation have agreed that the individuals listed in this
exhibit should be directors and these individuals have
agreed to serve as directors, but they have not been

elected as of the date hereof.
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EXHIBIT VIII
NATURE AND EXTENT OF CONTROL BY OTHER CORPORATIONS

Satellite CD Radio, Inc. is 50 percent owned by MARCOR, a
District of Columbia corporation engaged primarily in the
communications consulting business, and 50 percent owned by New
Era Corp., a Maryland corporation engaged primarily in the
business of technology development. The address of MARCOR is
Techworld Plaza, 800 K Street, N.W., Suite 750, Washington, D.C.
20001. The address of New Era Corp.>is c/o Kevin MacCarthy
Associates, 444 Madison Avenue, New York, N.Y. 10022.

100 percent of the voting stock of MARCOR is owned by
Martin A. Rothblatt, who is a U.S. citizen. His address is c/o
MARCOR at the address indicated above. Martin A. Rothblatt is
the president and a director of MARCOR. The other directors are
Bina Rothblatt and Eleanor Leung. The address of each director
is c/o HARCOR at the address indicated above.

100 percent of the voting stock of New Era Corp. is owned
by Jean-Jacques Poutrel, who is a citizen of France. His
address is c/o Ingenico, Compagnie Industrielle et Financiere
d’Ingenierie, 9 Qual de Dion Bouton, 92800 Puteaux, France. Mr.
Poutrel is also a director of New Era Corp. Kevin MacCarthy is
the president and a director of New Era Corp. His address is

444 Madison Avenue, New York, N.Y. 10022.






