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PREFACE

The analysis reported here has been done for the Agency for International
Development (A.I.D.), U.S. Department of State, by the Institute for Telecommuni
cation Sciences (ITS), a laboratory in Boulder, Colorado, of the National
Telecommunciations and Information Administration. The report presents a para
metric analysis of earth-station design for thin-route applications suited
to the A.I.D. Rural Satellite Program. This A.I.D. Program is a multiyear,
cooperative effort, between the United States and- a number of developing nations,
which seeks to demonstrate appropriate narrowband uses of satellite technology
as a development tool in education, agriculture, health, and other sectors within
each cooperating nation.

This support to the A.I.D. has been provided under Participating Agency
Service Agreement (PASA) CG/DSB-58ll-l-79. Administrative and technical moni
toring of this support analysis was performed by Mr. Robert Schenkkan and
Dr. Lawrence Frymi re for the A. 1. D. Techni ca1 di recti on and management super
vision of the analysis at ITS was provided by Dr. Peter McManamon.
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PARAMETRIC APPROACH TO THIN-ROUTE
EARTH-STATION REQUIREMENTS

R. D. Jennings*

Satellite communications are likely to be used to provide thin
route telephone service in developing countries only if the cost of
earth stations can be sUbstantially reduced. A parametric analysis of
earth-station design and service capabilities is presented. Parameters
of the analysis include six values of earth-station figure of merit,
G/T, ranging from 17.5 to 30.0 dB/K, five values of antenna diameter
ranging from 3.0 to 10.0 m, low-noise amplifier temperatures ranging
from 55 to 200K, high-power amplifier output powers ranging from 1 to
400 W, INTELSAT and Palapa (typical of many domestic satellites)
satellite resources, and frequency modulation as well as digital
encoding with phase shift keying for voice service. Link budgets are
developed from which the numbers of carriers that can be supported by
1/4 transponder are calculated. Assuming single channel per carrier
as well as multiple channels per carrier service, the numbers of
duplex telephone circuits per 1/4 transponder are calculated. Traffic
analyses are performed to demonstrate the relationships between numbers
of telephone subscribers per earth station, numbers of circuits pro
vided at each earth station, and quality of service. Sampled cost
information is presented and used to estimate earth station costs.

Key words: earth-station cost; earth-station design; satellite
communications; telephone; thin-route applications;
traffic analysis

1. INTRODUCTI ON

1.1 Background
Satellite technology is well suited for providing communications to users

(including public service users) that are remotely located and at locations that
are wid~ly separated. These user-location characteristics are common in developing
countries as well as rural areas of developed countries. There is at least a
two-fold basis to argue for satellite-based communications for such areas.
First, using satellite technology, there are no requirements to construct
extensive, land-based facilities, such as telephone lines and/or HF radio or
microwave relay stations, across the terrain separating these remote locations.
Often, the terrain separating these remote locations is very unfriendly, i.e.,
rugged mountains, dense forests and other vegetation, deserts, vast snow and ice

*The author is with the Institute for Telecommunication Sciences, National Tele
communications and Information Administration, U.S. Department of Commerce,
Boulder, CO 80303.



fields, oceans, etc. Secondly, the costs for installing and using satellite
based technology are independent, to a considerable degree, of distances between
remote and widely dispersed locations. Assuming leased satellite transponders,
or fractions thereof, are used to provide satellite-based communications services,
some differences in cost are realized as a consequence of available satellite
transponder space for lease and the lease arrangements with regard to service
interruptions.

A significant and important cost consideration to satellite communications
being utilized by remotely located and widely separated users is the cost of
earth stations for the remote locations. Research and development efforts during
the past 15 years on satellite communications technologies have been devoted
extensively and primarily to the development of technologies to provide improved
service and voice circuit capacities for high volume, geographically centralized
users. Substantial success has been realized, too. For example, current tech
nology can provide 12,000 telephone calls plus two color television channels
through an INTELSAT V satellite. Commonly, the communications needs for users at
remote and widely separated locations will be short-term, intermittent, and low
traffic-volume demands. Such requirements have become known as "thin-route"
requirements. Prior to the relatively recent market demands by business, industry,
government, and institutional organizations for data exchange and transfer
through domestic satellites, there has been little economic incentive for develop
ment of small-aperture antennas and other earth station hardware to support the
requirements of thin-route communications. There are, however, many opportunities
waiting and developing in the less developed countries and in rural areas of
developed nations, such as in the United States, where the satellite communications
technology tailored to thin-route requirements can and needs to be applied.

At present, and for the next several years, the best-suited satellite
capabilities available for lease to serve developing countries and other rural
locations with basic communication services operate at C-band (5.925 to 6.425 GHz
for earth-to-space transmission and 3.700 to 4.200 GHz for space-to-earth trans
mission). The analysis and discussion of this report apply particularly to these
bands of operation.

The Agency for International Development (A.I.D.) has embarked on a multiyear

program to help develop satellite communications technologies suited to establishing
basic, reliable communications systems in rural and under-developed areas of the
world. A second part of the program is to cooperate with selected countries in
projects to demonstrate the usefulness of these technologies applied to providing

2



basic health, agricultural, and educational services to rural populations. The
program is known as the A.I.D. Rural Satellite Program.

1.2 Analysis Objective
The purpose of this report is to define system requirements and a low-cost,

earth-station design which will satisfy those program requirements. The earth
station design must be suited to providing cost-effective, low-volume, satellite
communications in rural and widely separated locations. These requirements,
service offerings, and designs are discussed in the context of available satellite
capabilities to provide the space segment of a communications system. In addition,
various service concepts, voice encoding technologies, and other service features
of a possible communications system are considered in establishing the system
design. A parametric approach is taken in defining service requirements and estab
lishing a system design to satisfy those requirements. This approach has been
taken because,the anticipated requirements vary sUbstantially from one application
to another, and typical requirements are too general to be useful in establishing
system design. This parametric, or matrix, approach provides convenience in
applying the design information to a broad range of application situations.

1.3 Service Requirements (Typical Thin-Route Applications)
Thin-route services that typically will be established under various projects

of the Rural Satellite Program (or other, introductory rural communications plans)
are assumed to be an initiation of basic telephony where there has been none or
a substantial improvement of basic telephony where a poorly functioning capability
has existed. Further, it is assumed that an emphasis in establishing telephony
service will be to provide two-way, participatory communications which will
facilitate training and consultation services to rural users. Two-way, participatory
communications are essential for health and agricultural consultation as well as
for training and general educational development services to rural populations
in less developed countries.

Telephone service may be supplemented initially by modest capabilities for
teletype (TTY) to accommodate data transfer. Other voice-band capabilities such
as facsimile or slow-scan television may be added as demands develop; however,
such capabilities are not expected as part of the initial service complement.

In some applications, a radio broadcast service may be desired to proVide
information, non-participatory training, and entertainment to the rural populace.
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No consideration is given in this report to television service because the
satellite transponder bandwidth to support television service is substantial and
expensive. Nominally, a television channel would require a full transponder using
present technology. Programming production also would be expensive.

1.4 Networking Considerations
A circuit is defined as a full, two-way link (duplex telephone service)

between two earth stations. Figure 1 provides graphical illustration of the circuit
definition. The available power is designated as the satellite1s effective iso
tropically radiated power (EIRP). The circuits that can be supported then may be
apportioned as desired to the earth stations comprising a network. We assume
that communications may be established in either a STAR or MESH network of earth
stations with as few as two earth stations. These network configurations are
illustrated graphically in Figure 2.

STAR networks are considered as one or more remote earth stations (which
have limited capability and capacity) each linked only with a central or master
earth station. In this analysis we assume the central earth station of a STAR
network is an INTELSAT Standard B or equivalent capability station, and the
remote stations are identical in design capability. MESH networks are considered
to be formed by two or more -earth stations each capable of linking directly with
every other station in the network. We assume the earth stations in a MESH
network have identical receiving system figures of merit (gain-to-noise temperature
ratios, G/T) and high power-amplifier capacities for this design analysis. (Of
course, the assumption of identical earth stations within a network is reasonable
only if the same numbers of circuits and types of service are utilized for each
location.)

The analysis does not explicitly consider a maximum number of earth stations
for a network. Rather, the analysis determines maximum numbers of circuits that
can be supported by the power available for transmission from the satellite pro
viding the space segment.

Connectivity is a term used in this report to describe the communication
linking between earth stations. This linking is illustrated in Figure 2 by
arrows. Full connectivity may be achieved in a MESH network. That is, each
station of the network can establish a circuit with any other station of the
network. The total number of circuits that may be established simultaneously is
controlled by the available satellite EIRP and the circuit equipment capabilities

4



One-Way Link, A to B = , Channel (or B to A)

Two-Way Link, A to B =, Circuit (Duplex Operation)

(Two-Way Link, Earth Station to Satellite = ~ Circuit)

Earth
Station

A

1 C' 't2" IrCUI

Satellite Repeater

1 C' 't2' IrcUi

Earth
Station

B

Figure 1. Graphic illustration of channel and circuit terminology
for satellite communications.
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Remote Station 3

Remote Station 2

Remote Station 1

Central Station

•
•
•

Remote Station N

STAR Network

Slalian 2~ ....""'---------------.~ -L Slalian 3

•
•
•

Slalian 1~ ......l---------------... ~ Station N

MESH Network

Figure 2. Network configurations graphically illustrated.
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of the earth stations comprlslng the network. STAR networks offer restricted
connectivity. In such a network~ circuits can be established only between the
central earth station and each of the remote earth stations. Communications
between two remote earth stations can be achieved only by establishing circuits
between the central earth station and each of the two remote earth stations with
a patch connection at the central station. Of course~ this type of communica
tions connection between the two remote earth stations has the undesirable
feature Of delay equivalent to the propagation time for two round trips of the
signal between earth and the satellite repeater~ twice the delay in a MESH network
connection.

Earlier we mentioned that an important service requirement for the Rural
Satellite Program (sponsored by A.I.D.) would be two-way~ participatory communi
cations for which we shall use the term teleconferencing. Such service will be
important for providing training and other social services to the users of a
rural satellite system. In Figure 1 the linking arrows represent circuits when
considering station-to-station~ duplex telephony service between two users. For
teleconferencing, however, use of (full) duplex service would create increasing
confusion as the number of participants increase, unless very strict protocol
were practiced. Considerable reduction to protocol requirements for teleconfer
encing is realized by using push-to-talk telephone sets. Service with push-to
ta1k telephone sets typi ca11y is known as hal f-dup1ex servi ce.

The ultimate teleconferencing capability would be realized if linking could
be established simultaneously between all earth stations in the network. Now,
however, the linking arrows represent channels (refer to Figure 1) because of the

half-duplex service. That is, each station could transmit a signal that would be
received by all of the remaining stations, and each station would have receiving
equipment to allow simultaneous reception of transmissions from all other stations
in the network.

Another approach to teleconferencing in thin-route service applications
follows the STAR. network concept. One earth station functions as a central
station providing IIbroadcast ll transmission (through the satellite repeater) to
each (other) station in the network, and each remote station establishes a com
munication channel with the central station. The principal disadvantage for this
scheme is that communications originating from a remote station cannot be
received by other remote stations. A solution to this problem may be possible,
however, by re-transmission from the central station of communications originating
from a remote station. Operational protocol must be established to cope with

7



the delay resulting from propagation time for the second earth-satellite-earth
transmission of the signal.

A teleconferencing capability requires equipment at each earth station
that would not be required for basic telephony between two users (or locations).
Additional equipment means additional cost for the earth station above that cost
for simply providing location-to-location, duplex telephony. In a STAR telecon
ferencing network the additional cost would be independent of the number of
stations in the network. However, the increased cost would be proportional to
the number of participating stations in a MESH network.

1.5 Remote Earth-Station Configuration
The principle components of an earth station for satellite, telephone com

munications are identified in the block diagram in Figure 3. Considerable emphasis
is gi ven to the use of II sma 11 11 earth term; na1 antennas to provi de economi ca1
communications in thin-route applications. Defining the size of a small-aperture
antenna is, indeed, rather a matter of judgment, but is entirely dependent upon
the service to be provided and the satellite to be used in providing the service.
Following the parametric or matrix approach mentioned earlier, this analysis
considers antenna apertures which range from 3 m to 10 m in diameter for the
remote station. An earlier report (Wells, 1978) discusses small earth terminal
developments to that time. With reference to that report, this report discusses
current developments and status for small earth-terminal technology.

In addition to the antenna, other earth-station components and characteristics
that are considered in this analysis include the antenna feed; the low-noise
amplifier (LNA), type and noise temperature; receiving-system figure of merit,
defined as the ratio of antenna gain to system noise temperature (G/T) expressed
in decibels; the high-power amplifier (HPA), type and operating output power; voice
modulation and encoding techniques; and radio frequency (rf) modulation techniques.
Voice and rf modulation/encoding techniques considered include single channel per
carrier frequency modulation (SCPC-FM), digital voice encoding such as adaptive
delta modulation (ADM) with phase shift keying (PSK) for rf modulation, either
SCPC or multiple channels per carrier, and digital voice synthesis such as linear
predictive coding (LPG) or adaptive predictive coding (APC) with PSK for rf
modulation, SCPC or multiple channels per carrier. Analytical emphasis is on the
tradeoffs that are possible in antenna size, LNA characteristics, HPA character-

8
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Figure 3. Block diagram of an earth station for telephone communications via satellite.



istics, and satellite transponder characteristics to provide basic telephone
service using the techniques identified above.

1.6 Available Resources for Satellite-Transponder Bandwidth
The International Telecommunications Satellite Organization (INTELSAT)

practices leasing "spare" communication capacity on its operational satellites
to member nations for the development of domestic communications (Kelley, 1978).
There are at least 16 nations with domestic communications using INTELSAT leased
transponder capacity (Kelley, 1980). INTELSAT resources are among the most
likely space segment resources to be used for RSP applications, at least during
initial, experimental projects. Resources for lease are available on operational
INTELSAT IV, IV-A, and V satellites. For INTELSAT IV and IV-A, the lease service
definitions are summarized in a report by Kelley (1978). Leased service defini
tions for INTELSAT V also have been established recently (INTELSAT, 1981). The
minimum capacity that can be leased is 1/4 transponder.

Rural satellite program applications in the area of Indonesia and the
Philippines may be introduced or existing services expanded using Palapa System
satellites. The two Pa1apa A satellites have been in service for several years.
New, Palapa B satellites are scheduled for launch in 1983 and 1984. The
Palapa System satellites' technical characteristics are typical for many domestic
satellite systems such as ANIK, WESTAR, SATCOM, and COMSTAR.

2. DESIGN ANALYSIS

2.1 Parameter Values
Analyses to establish earth station designs have followed a straightforward

approach for determining the carrier-to-noise power density required for several
types of voice service. Then the required carrier-to-noise power density values
are used in link budget calculations to determine the required satellite power
per carrier. Following the parametric concepts for these analyses, four sel
ected values of carrier-to-noise power density, three types of leased satellite
transponder resources and seven values for earth station receiving figure of
merit (G/T) are used in the link budget calculations. These values and trans
ponder resource assumptions are shown in Table 1.
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Table 1. Parameter Values Used in Link Budget Calculations to
Determine Satellite Transponder Power (EIRP) Required
as a .Functi~nof Oarrier-tO..,Noise Power Density, Earth
Statlon Deslgn, and Station Networking

Parameter (Units)
Carri er-to-Noi se Power Dens ity, C/N (dB-Hz)o
Antenna Gain-to-System Noise Temperature,

G/T (dB/K)
Antenna Diameter (m)
Low Noise Amplifier (LNA) Temperature

Range (K)
High Power Amplifier (HPA) Output Power

Range (W)

Satellite Resource, 1/4 Transponder (9 MHz)

Station Networking

Pa rameter Va 1ues
48.0, 51.0, 54.0, and 57.0
17.5, 20.0, 22.5, 25.0, 30.0, and

31.7*
3.0, 4.5, 6.0, 8.0, 10.0, and 11.0*
55 to 200

1 to 400

I
INTELSAT, Global Beam Coverage
INTELSAT, Hemispheric Beam Coverage
Pa1apa A
MESH and STAR with INTELSAT
Standard B or equivalent central

station

*Considered only as the central station in a STAR network.

Various types of voice service technology are possible within the range of
carrier-to-noise power density values that are considered. These technologies
include single channel per carrier (sepC) frequency modulation (FM), digitally
encoded voice using adpative delta modulation (ADM), and digitally synthesized
voice such as linear predictive coding (LPC). Digital techniques are assumed to
be implemented with phase shift keying (PSK), either two phase (binary) or four
phase (quadrature). Additionally, digital technology may utilize forward error
correction (FEC) coding to reduce bit errors. Finally, digital technology may
be used to provide single channel per carrier service or multiplexing may be
p~rformed to achieve two channels per carrier (2CPC), three channels per carrier
(3CPC), or four channels per carrier (4CPC). The required carrier-to-noise
power density values for various combinations of technologies are shown in
Table 2. Technical details and calculation methodology for the values in

Table 2 are contained in Appendix A.
The three types of satellite leased transponder resources considered in the

design analysis are INTELSAT with global beam coverage, available on INTELSAT IV,
IV-A, and V; INTELSAT with hemispheric beam coverage, available on INTELSAT IV-A
and V; and Palapa. The downlink EIRP availabJe from 1/4 transponder for each type

11



Table 2. Required Carrier-to-Noise Power Density, CINo' Values for Various
Choices of Voice Encoding, Forward Error Correction (FEe) Coding,
and Modulation Techniques; BER = 10-4

53.0

Req Ul t'ed CINo \. 20 dB Bandwi dth (KHz)
(dB-Hz) (99% Avq. Spectral Energy)

No FEC

Hfnimum Channel Spacing-1KHZ)

1.5 (Bit Rate)
Ref.

2-6
2-6
2-6
2-6
2-6
2-6
2-6
2-6
2-6
2-6
2-6
2-6
2-6
2-6
2-6
2-6

14.4
24.0
48.0
28.8
48.0
96.0
43.2
72.0

144.0
57.6
96.0

192.0
14.4
28.8
28.8
57.6

9.6
16.0
32.0
19.2
32.0
64.0
28.8
48.0
96.0
38.4
64.0

1.28.0
9.6

19.2
19.2
38.4

24.0

R=3/4 FEC R=1/2 FEC

(QPSK only)

7.2
12.0
24.0
14.4
24.0
48.0
21.6
36.0
72.0

28.8
48.0
96.0
7.2

14.4
14.4
28.8

53.8
89.6

179.2
107.5
179.2
358.4
161.3
268.8
537.6

215.0
358.4
716.8
53.8

107.5
107.5
215.0

R=1/2 FEC I No FEC

89.6

R=3/4 FEC

(QPSK only)

35.8
59.7

119.5
71. 7

119.5
238.9
107.5
179.2
358.4

143.4
238.9
472.9

35.8
71. 7
71.7

143.4

No FEC

26.9
44.8
89.6
53.8
89.6

179.2
80.6

134.4
268.8
107.5
179.2
358.4
26.9
53.8
53.8

107.5

46.3
48.5
51. 5
49.3
51. 5
54.6
51.1
53.3
56.3
52.3
54.6
57.6
46.3
49.3
49.3
52.3

R=1/2 FEC

53.8

53.7 - 54.5

R=3/4 FEC

(BPSK and QPSK)

48.0
50.2
53.2
51. 0
53.2
56.3
52.8
55.0
58.0
54.0
56.3
59.3
48.0
51.0
51. 0
54.0

52.2
54.4
57.4
55.2
57.4
60.5
57.0
59.2
62.2
58.2
60.5
63.5
52.2
55.2
55.2
58.2

SCPC ADM at 9.6 kbps
16.0 kbps
32.0 kbps

2CPC ADM at 9.6 kbps
16.0 kbps
32.0 kbps

3CPC ADM at 9.6 kbps
16.0 kbps
32.0 kbps

4CPC ADM at 9.6 kbps
16.0 kbps
32.0 kbps

2CPC LPC at 4.8 kbps
9.6 kbps

4CPC LPC at 4.8 kbps
9.6 kbps

Voice Encoding and

I RF Modulation Technique

SCPC Companded FM, Phase-locked
Loop Detection

SCPC Companded FM, FM Discrimin
ator Detection

SCPC DCDM* at 32.0 kbps (with
QPSK)

N

*DCDM denotes Digitally Controlled-Slope Delta Modulation.
Reference 1 Campane 11 a, et a1. (1977).
Reference 2 Gray (1981).
Reference 3 Jacobs (1974).

Reference 4
Reference 5
Reference 6

Nesenbergs (1975).
Oetting (1979).
Spil ker (1977).



satellite is shown in Table 3. Additional transponder technical characteristics
for these satellite resources are listed in Appendix B.

Table 3. Downlink EIRP For Leased Satellite Services Using 1/4 Transponder

1/4 Transponder Operating EIRP
Satellite Resource dBW Watts

INTELSAT Global Beam* 11. 5 14. 1
INTELSAT Hemispheric Beam** 14.0 25.1
Palapa A 22.0 158.5
Palapa B 24.0 251.2

*Avail able on INTELSAT IV, IV-A, and V Satellites
**Avallab1e on INTELSAT IV-A and V Satellites

2.2 Parameter Dependencies
Earth station components and characteristics important to the design analysis

are shown in Table 1. A link budget calculation requires (or determines) explicit
values for antenna gain-to-system noise temperature ratio (G/T) for the receiving
earth station and antenna gain and high-power amplifier (HPA) output power for
the transmitting earth station. And, of course, these values are dependent.
For example, a designer selects the receiving earth station's figure of merit
(G/T), and the link budget calculation shows the required uplink power from the
transmitting earth station. Required uplink powey' is achieved by proper combina
tion of antenna size (which determines gain) and high-power amplifier output

power.
The receiving system antenna gain (calculated from size) and low-noise

amplifier operating temperature are related to figure of merit (G/T) as shown by
Figure 4. For example, G/T = 22.5 dB/K may be realized using a 4.5-m antenna
and a low-noise amplifier with noise temperature of ~90K or using a 6.0-m
antenna and a low-noise amplifier with noise temperature of ~190K. Calcula
tion of antenna gain, which is a function of antenna size and the frequency of
the electromagnetic energy is discussed in Appendix C.

The transmitting antenna gain (calculated from size) and output power of
the high-power amplifier are related to the effective isotropically radiated
power (EIRP) for the uplink as shown in Figure 5. For example, if the required
uplink EIRP is 60.0 dBW and the station will use a 6.0-m antenna (determined by
other factors such as receiving system figure of merit, ease of installation,
transportability, cost, etc.), then the HPA output power capability must be at

~

least 12 W.
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2.3 Link Budget Calculations

Link budget calculations are performed usin9 the parameter values and
satellite resources and networking options shown in Table 1. In total, these
calculations have been done for many parameter combinations, which are included
in Appendix D. The calculations for one combination of parameters are presented
and discussed in this section. The selected values are C/N = 54.0 dB-Hz and

o
INTELSAT global beam coverage for the satellite resource using both MESH and
STAR networking.

The worksheets for the link budget calculations include all values of G/T.
Table 4 shows the completed worksheet for MESH networking. Calculations for
STAR networking require two worksheets, since the central earth station is assumed
to be an INTELSAT Standard B or equivalent capability, whereas the remote earth
station will be smaller with less capability and capacity. Table 5 shows the
worksheet for centra1-station-to-remote-station link budgets. The remote
station-to-centra1-station budget worksheet is shown in Table 6.

These link budgets provide two important items of information for the design
analysis, given a selection for figure of merit (G/T) for the receiving earth
station. First, the satellite EIRP required to support a radio frequency (rf)
carrier is shown. In thin-route applications, the available downlink EIRP usually
limits the communication capacity of the system. Available bandwidth limitation
usually only occurs in large trunking applications. Secondly, the required capacity
of the high-power amplifier per rf carrier for the transmitting earth station is
shown. This appears as the "XMTR Pwr. to Ant." entry in the worksheet.

2,.4 Telephone Channels Supported by Available EIRP
The calculated, required, transponder EIRP per carrier values have been used

to produce plots of numbers of telephone channels as a function of the available
satellite power. Such plots are shown in Figures 6 and 7 assuming single channel
per carrier (SCPC) and two channels per carrier (2CPC) applications. To illus
trate the utility of these plots, assume an application will use remote earth
stations with GIT = 25.0 dB/K to provide SCPC telephone service. Figure 6 shows
that for INTELSAT global beam coverage, 1/4 transponder will support 26 channels
maximum with C/N = 54.0 dB-Hz when G/T = 25.0 dB/K for the receiving eartho
station. Two channels are required to provide one circuit (duplex telephone
service); therefore, 13 circuits can be supported by 114 transponder in a MESH
network, or about 7.7% of the available power is used per circuit.
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Table 4. Link Budget for Required C/No = 54.0 dB-Hz for a MESH Network using an INTELSAT
Global Beam Coverage Satellite Resource
MESH Network -- Station-to-Station Link Budgets

*See Figure 5.

Earth Station G/T i dB/K 17.5 20.0 22.5 25.0 I 27.5 30.0I

Antenna Diameter m 3.0 3.0 4.5 4.5 6.0 6.0 8.0 8.0 10.0
XMTR Pwr. to Ant.* QIjW 29.4 27.3 23.4 21. 0 18.5 16.0 13.5 11. 1 6.8

W 871.0 537.0 218.8 125.9 70.8 39.8 22.4 12.9 4.8
XMTR Ant. Gain* (6 GHz) dB 43.2 43.2 46.7 46.7 49.2 49.2 51. 7 51. 7 53.6
Uplink EIRP* dBW 72.6 70.1 67.7 65.2 62.8 60.4
Misc. Uplink Losses dB 0.5 0.5 0.5 0.5 0.5 0.5
Uplink Prop. Loss dB 200.2 200.2 200.2 200.2 , 200.2 200.2(a=200)

pwr. Flux Den. at Sat. dBW/m2 -90.8 -93.3 -95.7 -98.2 -100.6 -103.0
Multi-Carrier Op. Flux dBW/m2 -84.0 -84.0 -84.0 -84.0 -84.0 -84.0Den.
Boltzmann's Constant BW/ K--Hz -228.6 -228.6 -228.6 -228.6 -228.6 -228.6
::>a te 11 ite G/T dB/ K -18.6 -18.6 -18.6 -18.6 -18.6 -18.6
~plink Rec'd. C/No dB-Hz 81. 9 79.4 77.0 74.5 72.1 69.7
Sat. Sys. Gain dB 132.8 132.8 132.8 132.8 132.8 132.8
Sat. EIRP per Carrier dBW 4.7 2.2 -0.2 -2.7 -5.1 -7.5

(4 GHz) W 3.0 1.7 1.0 0.5 0.3
- ·0.2

Sat. Int. Pwr. dBW/Hz -76.0 -76.0 -76.0 -76.0 -76.0 -76.0
Misc. Downlink Losses dB 0.5 0.5 0.5 0.5 0.5 0.5
'Downlink Prop. Loss,a=20° dB 196.3 196.3 196.3 196.3 196.3 196.3
RCV Ant. Gain dB -------- -------------See Fiqure 4 ----------- ---------- -------
RCV Sys. Noise Temp. dB/ K. -------- -------------See Figure 4fo----------- ---------- -------
Earth Station G/T dB/ K 17.5 20.0 22.5 25.0 27.5 30.0
Downlink Rec'd C/No I dB-Hz 54.0 54.0 54.1 54.1 54.2 54.3

Downlink Rec'd C/I dB-Hz 80.2 77 .7 75.3 72.8 70.4 68.0
System C/No (Total) dB-Hz 54.0 54.0 54.0 54.0 54.0 54.0

Required C/No dB-Hz 54.0 54.0 54.0 54.0 54.0 54.0
-

(j')
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Table 5. Link Budget for Required C/No = 54.0 dB-Hz for a STAR Network, Central
Station-to-Remote Station Link, using an INTELSAT Global Beam Coverage
Satellite Resource
STAR Network -- Central Station-to-Remote Station Link BUdgets

Earth Station G/T dB/ K 17.5 20.0 22.5 25.0 27.5 30.0

XMTR Pwr. to Ant.* dBW 18.1 15.6 13.2 10.7 8.3 5.9
W 64.6 36.3 20.9 11.7 6.8 3.9

XMTR Ant. Gain* (6 GHz dB 54.5 54.5 54.5 54.5 54.5 54.5
Uplink EIRP* (6 GHz) dBW 72.6 70.1 67.7 65.2 62.8 60.4
Misc. Uplink Losses dB 0.5 0.5 0.5 0.5 0.5 0.5
Uplink Prop. Loss dB 200.2 200.2 200.2 200.2 200.2 200.2(a=200)

Pwr. Flux Den. at Sat. dBW/m2 -90.8 -93.3 -95.7 -98.2 -100.6 -103.0
Multi-Carrier Operating dBW/m2 -84.0 -84.0 -84.0 -84.0 -84.0 -84.0
Flux Density
Boltzmann's Constant pBW/ K-Hz -228.6 -228.6 -228.6 -228.6 -228.6 -228.6
Sa te11 ite G/T dB/ K -18.6 -18.6 -18.6 -18.6 -18.6 -18.6
Uplink Rec'd. C/No dB-Hz 81.-g 79.4 77 .0 74.5 72.1 69.7

Sat. Svs. Gain dB 132.8 132.8 132.8 132.8 132.8 132.8
Sat. EIRP per Carrier dBW 4.7 2.2 -0.2 -2.7 -5.1 -7.5

(4 GHz)
Sat. Int. Pwr. dBW/Hz -76.0 -76.0 -76.0 -76.0 -76.0 -76.0
Misc. Downlink Losses dB 0.5 0.5 0.5 0.5 0.5 0.5
Downlink Prop. Loss, dB 196.3 196.3 196.3 196.3 196.3 196.3

a=20°
RCV Ant. Ga in dB --------- ----------- -- See Fiqure 4 ------ ------------ --------
RCV Sys. Noise Temp. dB/ K --------- ----------- -- See Fiqure 4 ------ ------------ --------

Earth Station G/T dB/ K 17.5 20.0 22.5 25.0 27.5 30.0
Downlink Rec'd C/No dB-Hz 54.0 54.0 54. 1 54.1 54.2 54.3
Downlink Rec'd C/I dB-Hz 80.2 77.7 75.3 72.8 70.4 68.0
System C/No (Total) dB-Hz 54.0 54.0 54.0 54.0 54.0 54.0

Required C/N dB-Hz 54.0 54.0 54.0 54.0 54.0 54.0a
*See Figure 5.
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Table 6. Link BUdget for Required CINo = 54.0 dB-Hz for a STAR Network,
Remote Station-to-Central Station Link, using an INTELSAT Global Beam
Coverage Satellite Resource
STAR Network -- Remote Station-to-Central Station Link Budget

Antenna Diameter m 3.0 4.5 6.0 8.0 10.0
XMTR Ant. Gain* (6 GHz) dB 43.2 46.7 49.2 51. 7 53.6
XMTR Pwr. to Ant.* dBW 15.6 12. , 9.6 7.1 5.2

W 36.3 16.2 9.1 5. 1 3.3
"- ~

Uplink EIRP* dBW 58.8
Misc. Uplink Losses dB 0.5
Uplink Prop. Loss dB 200.2(a=200)

Pwr. Flux Den. at Sat. dBW/m2 -104.6 ,
Multi-Carrier Oper. dBW/m2 -84.0Fl ux Dens ity
Boltzmann's Constant dBWI K-Hz -228.6
Sate11 ite G/T dBI K -18.6
Uplink Rec'd. C/No dB-Hz 68.1
Sat. System Gain dB 132.8
Sat. EIRP per Carrier dBW -9.1

(4 GHz) W 0.1
Sat. Int. Pwr. dB-Hz -76.0
Misc. Downlink Losses dB 0.5
Downlink Prop. Loss,a=20° dB 196.3
RCV Ant. Ga in dB STD "B"
RCV Svs. Noise Temp. dBI K STD "B"
Earth Station G/T dB/K 31. 7(Std. "B")
Downlink Rec'd C/No dB-Hz 54.4
Downlink Rec'd C/I dB-Hz 66.4
System C/No (Total) dB-Hz 54.0

Required C/No dB-Hz 54.0 I
*See Figure 5.
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If the application is in a STAR network, where an INTELSAT Standard B or
equivalent central earth station is assumed, only half of the channels used for
the duplex circuits are received by the "sma ll," remote earth stations. The
other half of the channels are received by the central earth station. Referring
again to Figure 6, we see that one channel received by the central earth station
(G/T = 31.7 dB/K) requires less than 1% of the available transponder EIRP, and one
channel received by the remote earth station (G/T = 25.0 dB/K) requires a little
less than 4% of the available transponder EIRP. Therefore, one circuit in the
STAR network requires only about 4.7% of the available transponder power. A total
of 21 circuits can be supported simultaneously by the EIRP for the 1/4 transponder.

Tables 7 and 8 show the total numbers of cir.c~its, in MESH and STAR networks,
respectively, which can be supported by 1/4 transponder for each of the assumed
satellite resources and for each of the parameter values considered for required
carrier-to-noise power density and earth station antenna gain-to-receiving system
noise temperature. The two values derived in the preceding paragraphs are shown
in the appropriate row and column of each table. In the following section, these
data are used to develop design results which relate to "cus tomer requirements"
rather than "engineering requirements" such as used in the design analysis.

When the system application uses a digital voice technology, it is possible
and may be desirable to offer two (or more) channels per carrier by multiplexing
the digital data for each channel into a single bit stream. For two channels per
carrier, it is obvious that the numbers of circuits that can be offered with
either networking scheme are double the numbers possible using SCPC. The curves
in Figure 7 also may be used, following the method just described, to verify

these conclusions.

3. DESIGN RESULTS

In the preceding section, we have discussed the concept that available trans
ponder power (EIRP) determines the number of telephone circuits that can be pro
vided for given conditions of required carrier-to-noise power density, antenna
gain-to-receiving-system noise temperature, and earth station networking. Numbers
of circuits for all combinations of these technical parameters are given in

Tables 7 and 8. The methodology of following a parametric approach in the
design analysis will continue to be applied in the selections of reasonable
ranges (or bounds) for expected requirements. This methodology will be used to
develop two types of analysis results.

21



Table 7. Total Numbers of Telephone Circuits in a MESH Network
That Can Be Supported By 1/4 Transponder For
C/No = 48.0 t 51.0 t 54.0 t and 57.0 dB-Hz and Receiving
Earth Station G/T=17.5 t 20.0 t 22.5 t 25.0 t 27.5 t and 30.0 dB/K

C/No (dB-Hz)
Transponder Resource 48.0 51.0 54.0 57.0

G/T = 17.5 dB/ K
INTELSAT t Global Beam* 9 4 2 1
INTELSAT t Hemi Beam** 16 8 4 2
Palapa A 104 52 26 13

G/T = 20.0 dB/K
INTELSAT t Global Beam* 16 8 4 2
INTELSAT t Hemi Beam** 29 14 7 3
Palapa A 184 92 46 23

G/T = 22.5 dB/K
INTELSAT, Global Beam* 29 14 7 3
INTELSAT t Hemi Beam** 52 26 13 6
Palapa A 322 161 80 40

G/T = 25.0 dB/K
INTELSAT, Global Beam* 51 25 13 6
INTELSAT, Hemi Beam** 92 46 23 11
Pa1apa A 555 278 139 69

G/T = 27.5 dB/K
INTELSAT, Global Beam* 90 45 22 11
INTELSAT t Hemi Beam** 162 81 40 20
Pa1apa A 941 472 236 118

G/T = 30.0 dB/K
INTELSAT, Global Beam* 156 78 39 19
INTELSAT, Hemi Beam** 282 141 70 35
Pa1apa A 1545 774 388 194

*Available on INTELSAT IV, IV-At and V Satellites
**Available on INTELSAT IV-A and V Satellites
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Table 8. Total Numbers of Telephone Circuits in a STAR Network
(Central Station is Assumed to be an INTELSAT Standard B
or Equivalent) That Can Be Supported by 1/4 Transponder For
C/No=48.0, 51.0,54.0, and 57.0 dB-Hz and Remote Earth
Station G/T=17.5, 20.0, 22.5, 25.0, 27.5, and 30.0 dB/K

C/No (dB-Hz)
Transponder Resource 48.0 51.0 54.0 57.0

G/T = 17.5 dB/K
INTESLAT, Global Beam* 18 9 4 2
INTELSAT, Hemi Beam** 32 16 8 4
Pa1apa A 199 99 50 25

G/T = 20.0 dB/K
INTELSAT, G1 oba1 Beam* 30 15 7 3
INTELSAT, Hemi Beam** 55 27 13 6
Pa1apa A 338 169 85 42

G/T = 22.5 dB/K
INTELSAT, Global Beam* 52 26 13 6
INTELSAT, Hemi Beam** 93 46 23 11
Pa1apa A 558 279 140 70

G/T = 25.0 dB/K
INTELSAT, Global Beam* 84 42 21 10
INTELSAT, Hemi Beam** 151 75 37 19
Pa1apa A 879 440 220 110

G/T = 27.5 dB/K
INTELSAT, Global Beam* 129 64 32 16
INTELSAT, Hemi Beam** 232 116 58 29
Pa1apa A 1301 652 326 163

G/T = 30.0 dB/K
INTELSAT, Global Beam* 184 92 46 23
INTELSAT, Hemi Beam** 333 167 83 42
Pa1apa A 1781 892 447 224

*Avai1ab1e on INTELSAT IV, IV-A, and V Satellites
**Avai1ab1e on INTELSAT IV-A and V Satellites
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3.1 Circuit Analysis Results
The first type of analysis results given is a series of tables showing the

percentages of available (1/4 transponder) EIRP required to provide 10, 20, 50,
and 100 circuits in MESH and STAR networks. The parametric values defined earlier
for carrier-to-noise power density and earth-station antenna gain to receiving
system noise temperature (G/T) have been used in the analysis for each type of
satellite resource. The results are given in Tables 9, 10, and 11. To illustrate
the utility of these results, refer to Table 9. We see that if C/No = 57.0 dB-Hz
were required, 1/4 transponder on an INTELSAT global beam coverage satellite
could not provide even ten circuits for a MESH network, unless the receiving
earth station figure of merit (G/T) were 27.5 dB/K or greater. Of course, G/N =o
57.0 dB-Hz probably is unrealistically high for thin-route applications. However,
C/No = 54.0 dB-Hz is reasonable for SCPC-FM applications, and we can interpolate
to conclude that only about 13 circuits could be provided using earth stations
with G/T = 25.0 dB/K. (Of course, this conclusion agrees with the results shown
in Table 8.) Referring to Figure 4, we see that the earth-station antenna
diameter would be at least 6.0 m.

At the other extreme for carrier-to-noise power density, if acceptable service
can be realized with C/No = 48.0 dB-Hz, we see that about 16 circuits could be
provided in a MESH network of earth stations with G/T = 20.0 dB/K (verfied by
reference to Table 7). This figure of merit can be achieved using a 3.0-m antenna.

3.2 Traffic Analysis Results
The results discussed in Section 3.1 do not address the questions of numbers

of earth stations in a network, the traffic load offered to each earth station and
the network, and the numbers of circuits required in the network to support the
offered traffic. Traffic load is pependent upon the numbers of telephones serviced
by each earth station, the frequency of calls, the length of calls, and acceptable
probability for completing a call without encountering bUsy circuit conditions
(often referred to as blocking probability). These several considerations are
addressed by traffic analysis for assumed conditions. Traffic analysis, then,
provides the second type of results. We believe these results are of considerable
utility in determining a system design which satisfies the customer's requirements.
One reason for this utility is that the design results are expressed in terms
matching the terms used to define the (assumed) customer's requirements.
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Table 9. Percentages of Available EIRP from 1/4 Transponder, INTELSAT Global
Beam Coverage Satellite, Required to Provide Indicated Numbers of
Circuits (Duplex Telephone) for C/No=48.0, 51.0, 54.0, and 57.0 dB-Hz

and Remote Earth Station G/T=17.5, 20.0, 22.5, 25.0, 27.5, and
30.0 dB/K in a Single Channel per Carrier (SCPC) Application

STAR Network II I MESH Network r

No. of Ci rcuits 10 I 20 50
,

100 II I 10 20 50 , 100
Remote Earth
Station GIT CINo = 48.0 dB-Hz

(dB/K)

17.5 55.6 >100 >100 >100 >100 >100 >100 >100
20.0 32.3 64.4 >100 >100 60.1 >100 >100 >100
22.5 19. 1 38.3 95.7 >100 33.8 67.6 >100 >100
25.0 11.9 23.8 59.4 >100 19.3 38.6 96.6 >100
27.5 7.8 15.5 38.7 77.5 11.0 22.1 55.2 >100
30.0 5.4 10.9 27.1 54.3 6.4 12.8 32.0 64.0

C/No = 51.0 dB-Hz

17.5 >100 >100 >100 >100 >100 >100 >100 >100
20.0 64.4 >100 >100 >100 >100 >100 >100 >100
22.5 38.3 76.7 >100 >100 67.8 >100 >100 >100
25.0 23.7 47.4 >100 >100 38.6 77 .1 >100 >100
27.5 15.5 30.9 77 .3 >100 22.0 44.1 >100 >100
30.0 10.8 21. 7 54.1 >100 12.8 25.5 63.8 >100

C/No = 54.0 dB-Hz

17.5 >100 >100 >100 >100 >100 >100 >100 >100
20.0 >100 >100 >100 >100 >100 >100 >100 >100
22.5 76.5 >100 >100 >100 >100 >100 >100 >100
25.0 47.3 94.7 >100 >100 76.9 >100 >100 >100
27.5 30.9 61. 9 >100 >100 44.0 87.9 >100 >100
30.0 21.6 43.2 >100 >100 25.5 50.9 >100 >100

C/No = 57.0 dB-Hz

17.5 >100 >100 >100 >100 >100 >100 >100 >100
20.0 >100 >100 >100 >100 >100 >100 >100 >100
22.5 >100 >100 >100 >100 >100 >100 >100 >100

25.0 >100 >100 >100 >100 94.4 >100 >100 >100
27.5 87.7 >100 >100 >100 61.6 >100 >100 >100

i
35.4 70.8 >100 >10030.0 35.4 70.8 >100 >100 i:
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Table 10. Percentages of Available EIRP from 1/4 Transponder, INTELSAT
Hemispheric Beam Coverage Satellite, Required to Provide Indicated
Numbers of Circuits (Duplex Telephone) for C/N

o
=48.0, 51.0, 54.0,

and 57.0 dB-Hz and Remote Earth Station G/T=17.5, 20.0, 22.5, 25.0,
27.5, and 30.0 dB/K in a Single Channel per Carrier (SCPC) Application

MESH Network STAR Network
No. of Circuits 10 20 50 100 10 20 50 100
Remote Earth
Station GIT CINo = 48.0 dB-Hz

(dB/K)
17.5 59.9 >100 >100 >100 . 31 . 1 62.3 >100 >100
20.0 33.7 67.5 >100 >100 18.1 36.2 90.5 >100
22.5 19. 1 38.1 95.3 >100 10.8 21. 5 53.8 >100
25.0 10.8 21.6 54.0 >100 6.6 13.2 33.1 66.2
27.5 6.2 12.3 30.8 61. 5 4.3 8.6 21.5 43.0
30.0 3.5 7.1 17.7 35.4 3.0 6.0 15.0 30.0

CINo = 51.0 dB-Hz

17.5 >100 >100 >100 >100 62.1 >100 >100 >100
20.0 67.3 >100 >100 >100 36. 1 72.2 >100 >100
22.5 38.0 76.0 >100 >100 21. 5 42.9 >100 >100
25.0 21. 5 43.1 >100 >100 13.2 26.4 66.0 >100
27.5 12.3 24.6 61. 4 >100 8.6 17.2 42.9 85.8
30.0 7.1 14.1 35.3 70.6 6.0 12.0 29.9 59.8

CINo = 54.0 dB-Hz

17 .5 >100 >100 >100 >100 >100 >100 >100 >100

20.0 >100 >100 >100 >100 72.0 >100 >100 >100

22.5 75.9 >100 >100 >100 42.8 85.6 >100 >100

25.0 43.0 85.9 >100 >100 26.4 52.7 >100 >100

27.5 24.5 49.0 >100 >100 17.1 34.2 85.6 >100

30.0 14. 1 28.2 70.5 >100 11.9 23.8 59.6 >100

CINo = 57.0 dB-Hz

17.5 >100 >100 >100 >100 >100 >100 >100 >100
20.0 >100 >100 >100 >100 >100 >100 >100 >100

22.5 >100 >100 >100 >100 85.4 >100 >100 >100

25.0 85.7 >100 >100 >100 52.6 >100 >100 >100
27.5 48.9 97.7 >100 >100 34.2 68.3 >100 >100
30.0 28.1 56.2 >100 >100 23.8 47.6 >100 >100
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Table 11. Percentages of Available EIRP from 1/4 Transponder, Palapa A
Satellite, Required to Provide Indicated Numbers of Circuits
(Duplex Telephone) for C/No=48.0, 51.0, 54.0, and 57.0 dB-Hz

and Remote Earth Station G/T=17.5, 20.0, 22.5, 25.0, 27.5, and
30.0 dB/K in a Single Channel per Carrier (SCPC) Application

MESH Network I STAR Network
No. of Circuits 10 20 50 100 I 10 20 50 100
Remote Earth
Station GIT CIN o = 48.0 dB-Hz

(dB/ K)
17.5 9.6 19.2 47.9 95.8 5.0 10. 1 25. 1 50.2
20.0 5.4 10.9 27.2 54.3 3.0 5.9 14.8 29.5
22.5 3.1 6.2 15.5 31.1 1.8 3.6 8.6 17.9
25.0 1.8 3.6 9.0 18.0 1.1 2.3 5.7 11.4
27.5 1.1 2.1 5.3 10.6 0.8 1.5 3.8 7.7
30.0 0.7 1.3 3.2 6.5 0.6 1.1 2.8 5.6

CINo = 51.0 dB-Hz

17.5 19.1 38.2 95.5 >100 10.0 20.1 50.1 >100
20.0 10.8 21.7 54.2 >100 5.9 11.8 29.5 58.9
22.5 6.2 12.4 31.0 62.0 3.6 7.1 17.9 35.7
25.0 3.6 7.2 18.0 35.9 2.3 4.5 11.3 22.7

27.5 2.1 4.2 10.6 21.2 1.5 3.1 7.7 15.3
30.0 1.3 2.6 6.5 12.9 1.1 2.2 5.6 11.2

CINo = 54.0 dB-Hz

17.5 38.1 76.2 >100 >100 20.0 40.0 >100 >100

20.0 21.6 43.3 >100 >100 11.8 23.5 58.8 >100

22.5 12.4 24.7 61.8 >100 7.1 14.3 35.6 71.3

25.0 7.2 14.3 35.8 71.6 4.5 9.1 22.6 45.3

27.5 4.2 8.5 21.1 42.3 3.1 6.1 15.3 30.6

30.0 2.6 5.2 12.9 25.8 2.2 4.5 11.2 22.3

CINo - 57.0 dB-Hz

17.5 76.0 >100 >100 >100 39.9 79.8 >100 >100

20.0 43.2 86.3 >100 >100 23.5 46.9 >100 >100

22.5 24.7 49.3 >100 ->100 14.2 28.4 71.1 >100

25.0 14.3 28.6 71.5 >100 9.0 18. 1 45.2 90.3

27.5 8.4 16.9 42.2 84.3 6.1 12.2 30.5 61.1

30.0 5. 1 10.3 25.7 51.4 4.5 8.9 22.3 44.6
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The traffic analysis methodology requires knowledge or computed information
to define the offered traffic loadl for each earth station. A computed, offered
load is dependent upon the number of telephones served by the earth station and
the average time the telephones are used during the busy hour which is a term
defined by the CCITT (1964) to designate that hour during the day when the
average traffic density is the greatest. It is assumed that during the busy
hour the density of traffic is fairly constant. The distribution of call lengths
is assumed to be exponential with some mean value termed the mean holding time.
Table 12 shows computed values of offered traffic loads for three assumed values
of mean holding time--3 min, 6 min, and 10 min--and for assumptions of ten and
twenty telephones served by the earth station. More discussion of the Erlang
unit and details of computing offered traffic loads are given in Appendix E.

Table 12. Offered Traffic Load (in Erlangs) per Earth Station as a
Function of Mean Holding Time and Number of Subscribers
(Telephones) per Earth Station Assuming an Average of
One Call per Two Hours per Subscriber (Telephone)

Number of Subscribers Mean Holding Time (min)
per Earth Station 3 6 10

10 0.25 Erl 0.50 Erl 0.83 Erl

20 0.50 Erl 1.00 Erl 1.67 Erl

lTraffic load or density is expressed in Erlangs (Erl), named after A. K. Erlang
(1878-1929), the founder of telephone traffic theory. The Erlang is defined in
Federal Standard 1037 (1980):

An international (dimensionless) unit of the average traffic
intensity (occupancy) of a facility during a period of time,
normally a busy hour. The number of erlangs is the ratio of
the time during which a facility is occupied (continuously or
cumulatively) to the time this facility is available for
occupancy.

We see, then, that aggregated traffic on a circuit of one call-second per second,
one call-minute per minute, one call-hour per hour, etc. constitutes a traffic
density (or intensity) of 1 Erl for that unit of time.
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Knowing the offered traffic load, we use telephone traffic theory design
tables -- such as those tables published by Siemens (1974) -- to determine the
number of circuits that are required to achieve a desired grade of service. We
first must make some assumptions, as follows, about the network handling of
traffic in order to select the proper tables and read from the tables the desired
information.

Any attempted call which is rejected, or blocked, because there is no
available circuit, is lost and causes no traffic load to any other part
of the system. That is, the network operates as a loss system.
When a subscriber offers a call, there ;s some probability that his call
will be rejected, or blocked (lost). This probability is called the
loss probability or blocking probability. The numerical value is
equal to the proportion of offered calls that are rejected. Loss
probability is a parameter of the traffic theory tables (and this
analysis).
Offered traffic is assumed to experience no blocking due to limitations
or architecture of the switching network:. This condition is termed
full availabilit~.

The number of subscribers (telephones) serviced by the earth station is
finite. (We have assumed numbers of 10 and 20.)
Call holding times, during the busy hour, are distributed exponentially,
and mean holding times are used to compute offered traffic load, as
discussed above. (We have assumed mean holding times of 3 min, 6 min,
and 10 mi n. )

Using the offered traffic loads shown in Table 12 and loss (pr blocking)
probabilities of 1%,2%, and 5%, we find from traffic theory tables (Siemens, 1974)
the number of circuits required (providing duplex telephony) as a function of
the offered traffic load and desired grade of service. These numbers are shown
in Table 13. We see that three circuits per earth station will support a rather
wide range of conditions characterizing the grade of service.

The number of circuits that can be supported in MESH and STAR networks by
the EIRP available from 1/4 transponder are shown in Tables 7 and 8. From
Table 13 we see that three circuits per earth station will support traffic
ranging from 0.25 Erl with 1% loss probability (for ten subscribers per earth
station with mean holding time of 3 min) to 1.00 Erl with 5% loss probability
(for 20 subscribers per earth station with mean holding time of 6 min). We use
this value (three circuits per earth station) and information from Tables 7 and 8
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to plot curves, parametric in required carrier-to-noise power density, which show
the number of earth stations possible in a network as a function of the receiving
system figure of merit (G/T), assuming 1/4 transponder is used for the space
resource. Figures 8 and 9 show these curves for an INTELSAT global beam coverage
1/4 transponder and MESH and STAR network assumptions, respectively. A complete
set of these curves for the parameters assumed in this analysis is provided in
Appendix E. If the required carrier-to-noise power density is 54.0 dB-Hz and
earth stations with G/T = 25.0 dB/K are used, we observe there could be four
stations in a MESH network and seven stations in a STAR network. If a voice
encoding technique were used which would provide satisfactory service with
C/No = 51.0 dB-Hz, then a MESH network could include eight earth stations and
a STAR network could have 14 earth stations.

Table 13. Required Numbers of Circuits to Support the Offered
Traffic Loads Shown (in Erlangs per Earth Station,
from Table 12) for Loss (or Blocking} Probabilities
of 1%, 2%, and 5%

Offered Traffic Load Loss lBlockinq) Probability
Erlangs/Earth Station* 1% 2% 5%

0.25 (10,3) 3 2 2

0.50 (10,6) 3 3 3(20,3)

0.83 (10,10) 4 4 3

1.00 (20,6) 4 4 3

1.67 (20, 10) 6 5 4

*Numbers in parentheses identify the number of sub-
scribers, first number, and mean holding time in
minutes, second number, used in computing the
offered traffic load. (Refer to Table l2.)

4. CHARACTERISTICS AND COSTS OF STATE-OF-THE-ART COMPONENTS AND SYSTEMS

As a general comment, there are not many manufacturers of earth-station
components and systems who seem to be seriously interested in investing in pros
pective applications involving INTELSAT satellites for which the earth station
antenna would be smaller than 10.0 m and the system figure~of-merit design objective
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and an INTELSAT global beam coverage satellite when three circuits are
provided at each earth station. The central station of the STAR network
is assumed to be an INTELSAT Standard B or equivalent capability earth
station.
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would be much less than an INTELSAT Standard B system (for which
G/T = 31.7 dB/K). This attitude by manufacturers is the result of two primary
factors.

The first factor is that INTELSAT policy has not encouraged the development
of domestic satellite systems using leased transponder resources prior to the
recently announced positions regarding leased use of INTELSAT transponder
resources (Kelly, 1978, 1980; INTELSAT, 1981). This former policy resulted
in little market demand for earth station components and systems in the category
of low cost and small antenna apertures capable of operating (admittedly at
reduced efficiency) in and with the INTELSAT system. With little market demand,
there has been little development of products for such applications. For
example, in a recent private communication with a representative of a firm
reported to be doing 70% of the business in building INTELSAT~type earth stations,
the representative commented that these special applications require case~by-case

approval by INTELSAT, and he thought his firm would not be very interested in
these kinds of applications. The comments were in response to questions about
small earth stations operating with an INTELSAT satellite.

The second factor is the rapid growth of domestic satellite systems in the
United States and the accompanying demands for and proliferation of earth
stations to operate with these domestic satellites in providing new services. This
demand for earth stations is so great that manufacturers are developing selective
marketing policies. Examples of these selective marketing policies are a
recently announced decision by a major manufacturer to not build INTELSAT-type
earth stations and a private communication with a representative of another firm
who stated a company policy is to market only systems and not components.

Nevertheless, there are technology and policy developments which are en
couraging to the realization of satellite systems for thin-route applications
using INTELSAT and other satellite resOUrces. Previous sections of this report
have discussed the INTELSAT actions taken to encourage use of leased INTELSAT
transponder resources for domestic system applications. Subsequent sections of
the report discuss some of the technology developments which should encourage
development of systems for thin-route applications.

4. 1 Antennas
The explosive demands for domestic satellite services have contributed to

substantial efforts in the development of low-cost, small-aperture antennas.
There are many manufacturers who offer antennas in the 3.0- to 5.0-m diameter range
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for simultaneous transmit and receive applications with linearly polarized feeds.
Such antenna systems will operate with domestic and regional satellite systems,
like Palapa, but not with an INTELSAT satellite which requires circular polariza
tion. These domestic and regional satellite systems which provide satellite
antenna coverage to relatively small areas (much smaller than the global or
hemispheric coverages provided by INTELSAT satellites) have the accompanying
advantage of much higher EIRP (for the coverage area) from the satellite (as
shown in Section 2.1 and Appendix B); hence, the small antennas work well while
still providing relatively efficient service. C~talogs and techn;c~l brochures
from most of the major manufacturers state that antennas in the 3.0- to 5.0-m
diameter range are available for circular polarization applications. However,
personal and/or telephone contacts have verified that few units, for operation with
circular polarization have been manufactured, because there has been little
demand.

The principal reasons for exploring market offerings of antennas in the
3.0- to 5.0-m aperture diameter are twofold. One expects smaller antennas to
be less expensive than larger antennas (though minimizing antenna cost does not
necessarily minimize the total earth-station cost). Secondly, antennas in the
3.0- to 5.0-m size range are considerably easier and less expensive to transport
and install than are the larger aperture (for example, 6.0- or B.O-m diameter)
antennas.

Prime focus as well as Cassegranian type feeds are used for these antennas,
primarily dependent upon the development choices of the manufacturers. It does
appear that slightly better performance (higher on-axis gain and lower sidelobes
in the off-axis regions of the pattern) is realized with the Cassegranian type
feed. One manufacturer reports development work on an offset feed design expected
to produce high on-axis gain and very low sidelobe levels in the pattern to
about 20° off boresight axis. No expected availability date for this antenna
could be established. Though this same manufacturer minimized the cost impact of
providing circular polarization, it generally was found that circular polarization
added $5,000 to $10,000 to the expected antenna cost.

Certainly antenna cost is related to antenna size; however, costs for antennas
(including the reflector, feed assembly, and adjustable, but manual, positioning

mount) in the 3.0- to 5.0-m diameter range of size were more dependent on manu
facturer and the number per order (and the type of polarization required, as
discussed above) than size. Costs range from about $7,000 to $10,000 with linear
polarization. One estimate of expected cost was targeted at about $5,000.
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While antenna cost is directly related to antenna size, total earth-station
cost likely would not be minimized by using the smallest antenna. Reference
to the link budgets in Appendix 0 will show that use of small antennas can
result in the necessity to use very large transmitter powers (high-power
amplifiers), particularly for INTELSAT satellites. Cost for the high-
power amplifier could then dominate the earth-station cost. Furthermore,
from a technical point of view, use of high power HPA's may be impossible in
many instances as a consequence of restriction to the off-axis uplink EIRP.
The restriction for operation in the INTELSAT system is that off-axisEIRP must
not exceed 42-25 log e dBW per 40 KHz, where e is the angle in degrees from the
boresight axis of the antenna. In general terms, this restriction limits the
HPA size to about lOW per voice channel. Costs for high power amplifiers are
discussed in Section 4.3.

Examination of the link budgets for applications involving an INTELSAT satel
lite leads to a conclusion that 6.0-m antennas may be about the minimum practical
size for such applications. Manufacturers do not offer antennas in the size range
of 6.0 to 8.0 m in diameter as commonly as in the smaller sizes we have just
discussed. Several reasons contribute to reduced offerings by manufacturers in
this size range. First, antennas of this size, at least as we approach 8.0 m,
are rather large antennas for use with domestic satellites; therefore, the
demand by that market is substantially less than for the smaller antennas.
Second, the international market for these sizes to be used in the INTELSAT
system is not great because earth stations using these antenna sizes still will
not provide a Standard B capability, i.e. G/T ~ 31.7 dB/K. The development of
domestic systems (using INTELSAT satellite resources) where these antenna sizes
are used is still in its infancy, though such development has begun. Third, antennas
of about 6.0 m represent a size limit in terms of ease in transporting and
installing the antenna. As mentioned earlier, antennas smaller than 6.0 mare
relatively easy to transport and can be installed manually by two to four men.
Antennas that are 7.0 or 8.0 m in diameter certainly are more difficult and
expensive to transport and install. For example, a crane must be used during
erection of the antenna. In addition, for A.I.O. application areas, the require
ment for a substantial foundation and supporting structure to provide pointing
stability imposes considerable difficulty and cost for transporting materials
and personnel to sites, and creates a need for sk~lled labor at the installation
site.

Some 6.0-m antenna designs may require a crane for erection, while other
designs may allow manual erection of the antenna. The extremes of this situation
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are illustrated by two examples. One manufacturer of 6.0-m antennas uses a11
aluminum reflectors and a steel pedestal. These antennas are heavy and very

expensive. An antenna supplied with a circularly polarized feed (one which is
INTELSAT V compatible, implying 0.5-dB axial ratio, suitable for frequency reuse
applications) is reported to cost about $60,000. Another manufacturer of 6.0-m
antennas uses meta1ized plastic reflectors and a novel design which would make
transportation much easier and manual installation possible. This design is
based on a three-section, 5.0-m antenna which has four quarter sections added to
the circumference to make a 6.0-m antenna. Cost for this antenna with circularly
polarized, INTELSAT V compatible feed is targeted at about $11,000. We believe
this target is ambitious but possible, perhaps escalating to $15,000, for ex
pected A.I.D. applications. The costs of antennas from other manufacturers in the
range of 6.0 to 8.0 m in diameter fall between the extremes just discussed,
tending, however, to be in the range of $35,000 to $50,000.

Earth stations with 10.0-m antennas are likely to have figures of merit near
that for an INTELSAT Standard B earth station (i.e., G/T = 30 dB/K compared with
31.7 dB/K for Standard B). Hence, the cost for a 10.0-m antenna will be about
$100,000. It may be necessary to install an earth station of this quality to be
the central earth station in a STAR network of much smaller, remote earth stations.
Otherwise, earth stations with 10.0-m antennas really should not be considered
in the context of "sma l1 antenna II earth stations suitable for thin-route applica-'
tions -- the subject of this report.

Figure 10 is a plot of sampled information showing the approximate relation
ship between antenna aperture size and antenna system (reflector, feed assembly,
and mount) cost FOB the manufacturer's plant. The type of feed assembly (linear
polarization, circular polarization but not INTELSAT Vcompatible, or circular
polarization which is INTELSAT V compatible) can have significant impact on the
cost of small earth station antennas.

4.2 Low-Noise Amplifiers
A full discussion of low-noise amplifier technology would consider para

metric amplifiers, both cooled and uncoo1ed, as well as GaAs FET amplifiers.
However, this section discusses only the GaAs FET amplifier technology. Para
metric amplifiers are very much more expensive than GaAs FET amplifiers, and the
GaAs FET amplifier technology is approaching a point where the operating char
acteristics are suitable for most sma1l-earth-station requirements.

Wells (1978) reported a noise temperature of lOOK as about the state-of-the
art limit for FET amplifiers. Today that limit has been reduced to about 80K.
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However, the cost does escalate sharply as this lower limit is approached. The
more common noise temperatures for GaAs FET low-noise amplifiers being used today
are in the range of 90K to l20K. Over this noise temperature range, costs
typically are about $2,000 for 90K amplifiers down to less than $1,000 for
l20K amplifiers.

Gain for these amplifiers typically is about 50 dB. Amplifiers are available
with gain of 50 dB minimum and noise temperature of 80K, but the cost ;s about
$3,000 per unit. Manufacturers today typically offer LNA'swith gain that is 15
to 20 dB higher and noise temperatures that are 20K lower than were availabl~ at
the time Wells (1978) made his survey. Furthermore, today's GaAs FET amplifiers
(in the noise temperature range of 90 to 120K) cost only about one-third as much
as in 1978. A market sample of information showing the relationship between LNA
noise temperature and amplifier cost is plotted in Figure 11.

With these changes in the characteristics and costs for GaAs FET amplifiers,
one should expect that considerable competition in the market has occurred. Our
discussions with manufacturers and users have suggested a comment of caution
because of this competition. We understand there may be substantial variations
in reliability and delivery times (sometimes optimistically quoted) as well as
cost. A potential buyer needs to make a careful survey not only of the market
suppliers, but also of other recent buyers and their experiences.

4.3 High Power Amplifiers
This section looks both at the traveling wave tube amplifier (TWTA) market

and the developing GaAs FET power amplifier market. A caution similar to that
expressed for the low-noise amplifier market is appropriate for the TWTA market,
where there also is considerable competition.

There are TWTA products available with output powers from 10 Wto kilowatts
of power. We consider the range from 10 Wto 400 W, which likely is more power
than would be used by small earth stations ;n thin-route applications. Yet,
400 Wmay be only about "one step" beyond the upper 1irnit of some small-earth..
station HPA requirements. The relationship between output power and cost, based
upon a limited but representative market sample, ;s shown in Figure 12.

The information shown by Figure 12 indicates little difference in cost for
units with output power capacity of 40 Wor less. That is, it costs about $10,000
for a TWTA with 40 W, 20 W, or even 10 Wof output power. One manufacturer does
offer a general purpose, instrumentation amplifier for the 4- to 8-GHz band with
nominal output power of 20 Wfor $8,325. It was mentioned that many tested
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units have shown output power of ~30 W.in the earth-station transmit band of
5.9 to 6.4 GHz.

For applications which require an output power capacity of about 100 W,
the amplifiers will cost about $20,000 to $23,000, depending upon the manufac
turer. The cost for 400 Wof power will increase to about $30,000 to $35,000.
However, it is unlikely that an earth station for a thin-route application would
be allowed to operate with that much power due to the off-axis EIRP restrictions
imposed by INTELSAT (and other satellite owners, as well).

The development of solid-state power amplifiers, using GaAs FET devices,
likely will be very active during the next several years. Manufacturers offer
5-W linear amplifiers (with 47 dB gain) today which cost about $4,000. These
5-W amplifiers are being power combined, in response to special order requests,
to achieve about 8 Woutput power. The projection is that 10-W linear amplifiers
will enter the market in late 1982. Figure 13 portrays market sampled information
of unit costs versus output power with a projection of cost for these 10-W linear
amplifiers. The cost is estimated to range from $4,500 to $5,400. The vertical
bars on Figure 13 indicate variation in unit cost depending on the number of
amplifiers purchased. Since development of GaAs FET amplifiers is expected to be
active, we expect more competition in the market to occur with a decrease in unit
cost resulting. Perhaps the pattern followed by the LNA unit costs will be
repeated.

4.4 Up/Down Frequency Converters
Frequency converters translate signals from the nominal 70 MHz IF to uplink

radio frequencies in the 5.925- to 6.425-GHz band (upconverters) and from the
downlink radio frequencies in the 3.700- to 4.200-GHz band back to IF, nominally
70 MHz (downconverters). The market offers frequency converters over a rather
wide range of quality and convenience features with accompanying variations
in the cost. Of course, the application ultimately dictates the minimum quality
(number of conversion stages, frequency stability, phase noise, etc.), and to
some extent, the convenience features (crystal tuning versus frequency synthesis
with thumb-wheel switches or programmable control, sensing and alarm circuits,
monitoring/test ports, etc.) which must be provided in the frequency converters.

Typical thin-route communication telephony requirements of a few channels
per earth station (in Section 3.2, we have suggested three circuits per earth
station as a representative capability) may be satisfied by using either
SCPC-FM or some digital voice encoding technique, for example CVSD. For the
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moment, consider use of a digital encoding technique. This choice would mean
that the frequency converters must be of quality suitable for a small, digital,
earth station. This quality also would be suitable for a few SCPC-FM channels.

Let1s consider a few of the principal features for frequency converters
suitable for small, digital, earth stations or SepC-FM stations providing a few
voice channels. The converters will be double conversion type units with timing
provided on a local oscillator which is phase-locked for stability, probably by
use of plug-in crystals with provision for six or twelve channels. The frequency
stability will be about 1 part in 107 per month which translates to about

400 Hz/mo for the downconverter and 600 Hz/mo foY' the upconverter. The converters
will be self-contained with respect to reference frequency and power supply
requirements. There will be direct plug and signal-level compatibilities with
the Modem on the IF side and the high-power amplifier (for the upconverter) and
the low-noise amplifier (for the downconverter) on the rf side.

The upconverter and downconverter may be individually packaged or combined
in a single, rack-mountable package for which some economies may be realized
because power supplies, reference frequency oscillators, etc., may be shared.
Individually packaged units will cost about $9,000 each, minimum. There are
single-packaged, combined up and down converters available for $10,000 to $15,000.

Costs increase from these minimum values as convenience features are added.
There also will be additional costs for equipment racks and cabling. In fact,
it may be advantageous to purchase specially designed racks and cable kits which
may add $5,000 to $10,000 to the aggregated costs for frequency converters,
Modems, and telephone channel units.

4.5 Modems and Voice Modulation Units
In earlier sections of this report we have discussed the telephone service

that could be provided using either analog or some ~pe of digital voice encoding
technology. The types of equipments required to implement each technology are
quite different, therefore separate discussions are given. Each subsection
discusses all the equipment required between a telephone handset (or the
switching and distribution network which might connect several handsets) on one
side and the frequency converters on the other (IF) side.
4.5.1 Analog Technology (SCPC-FM)

Telephone service provided with analog technology would employ SCPC-FM, which
is by far the most common type of service equipment in use today. Figure 14 is
a block diagram of the baseband, signaling, and IF equipment for an SCpe-FM
application. This figure expands the blocks labeled CHANNEL EQUIPMENT and
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in the network)
for determining

from each channel
the upconverter.

support an SCPC-FM
The significant compo-

CHANNEL INTERFACE EQUIPMENT in Figure 3. A telephone handset for four-wire
connection could be connected directly into the voice frequency modulator/
demodulator, commonly referred to as the channel unit; however, most applications
will require provisions for signaling.

Signaling is a term used to describe the exchange of control information
between earth stations, sWitching centers which may be connected to earth stations,
and the users of the network. There is a broad range of network management
functions that may be conducted with signaling. These functions include super
visory control and status, call address (such as would be initiated by the user
with rotary or push-button "dialing"), and audible/visual information such as
dial tone, busy tone, ringing, etc. (Linfield and Nesenbergs, 1978). Considera
tion of signaling requirements is extremely important to implementation of
networks for thin-route communications, but technical considerations are extensive
unto themselves and beyond the scope of this report. There are many signaling
standards throughout the world and many more techniques in service. Readers,
therefore, are referred to other sources such as the CCITT (1973) Green Book or
Dahlbom (1977) for thorough treatments of signaling standards and techniques.
Linfield and Nesenbergs (1978) present a good summary of many signaling techniques.

The voice frequency modulator/demodulator, or channel unit, accepts the
voice-band, analog signals and performs frequency modulation of these signals to
IF. Other processes important to frequency-modulated voice, and satellite net
works, which typically are accomplished in the channel unit, include companding,
pre-emphasis/de-emphasis, echo suppression, and voice operated switching (VOX)
to reduce consumption of satellite power.

There are a number of necessary equipment items to
system which often are referred to as common equipment.
nents of the common equipment include the following:

A master frequency generator which provides a reference frequency to
each voice frequency modulator/demodulator (channel unit) and, some
times, to the up and down frequency converters.
A pilot (frequency) generator (only at one earth station
to provide a pilot tone reference throughout the network
frequency translations which have occurred in the link.
An automatic frequency control (AFC) unit to generate the necessary
frequency translations using the pilot tone.
Power combiners (passive) to combine the IF signals
unit (for transmission) into a single IF signal for
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Power dividers (passive) to distribute the single IF signal from the
downconverter to the several channel units (demodulators) incorporated
into the earth station.
Transmit and receive amplifiers to overcome the losses occurring in the
passive combiner/divider operations. These amp1ifier.s may not be used
when the station has only a few (perhaps eight or fewer) channel units.
The up/down frequency converters are considered by some manufacturers
to be part of the common equipment.
Power supplies as required by the other components of common equipment.

As we consider cost, it is important to realize that a complement of common
equipment is required to provide even one channel of SCPC-FM service, though the
additional costs for adding a few more channels may then be small. While some
manufacturers do include frequency converters as part of the common equipment for
SCPC-FM systems, we have considered these equipment items separately (Section 4.4).
Hence, the typical costs quoted by this report for common equipment do not include
frequency converters.

We find that common equipment for an SCPC-FM system suited to thin-route
applications should cost about $25,000 to $30,000 depending on the application
variables mentioned above. This cost should include equipment racks and special
cabling to provide p1ug-comp~tib1e interconnections of all the common equipment.
The voice frequency modulator/demodulator units (channel units) should cost about
$4,000 to $4,500 per channel. Finally, signaling and related interface equipment
should cost about $2,000 to $2,500 per channel. though it should be noted that
this cost is an estimate which will be subject to many variables in system imple
mentation as discussed briefly in an earlier paragraph of this section.
4.5.2 Digital Technology

There are two types of digital technology which conceivably could be used to
provide telephone service in a thin-route type of application. One technique would
utilize some voice synthesis algorithm for which the predictor coefficients would
be digitally encoded and transmitted at a very low data rate, for example 2400
or 4800 bps. The second technique would be a direct digital encoding of the
sampled, analog waveform using an adaptive or variable slope delta modulation
scheme at a relatively low sampling rate, for example 16 kbps. Figure 15 shows
a block diagram of the baseband, signaling, and IF equipment required to imple
ment a technique for digital voice encoding. A voice synthesis technique would
differ only in that the handset and voice encoder probably would be a combined
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unit, since voice synthesizing techniques often require use of speciql telephone

hand sets. For example, the hand set may require use of a dynamic rather than
carbon microphone in the mouthpiece. A replacement dynamic microphone will in

clude a built-in amplifier for high output level, and may include noise cancel
ling, to provide a high fidelity audio signal.

Signaling, once again, is an important consideration in developing any
thin-route communications network. Please refer to Section 4.5.1 for some
general discussion of signaling. For digital telephony at encoding rates below
32 kbps, the in-band signaling tones must be converted to information contained as
specific bits in a transmitted signal rather than simply encoded as part of the
analog signal. This requirement can add "overhead" bits to the composite bit
stream (after multiplexing). Further discussion of the technical considerations
associated with signaling in the digital telephone system is beyond the scope
of this report.

The accommodation of signaling requirements in any digital service application,
either synthesized or waveform encoding, would require one or two printed circuit
boards per telephone channel and a printed circuit board equipment module, The
estimated cost for these signaling equipment items is $150 to $200 for the
printed circuit board module plus about $25 per printed circuit board. In
applications where at least three telephone circuits are provided at an earth
station, the signaling equipment cost should not exceed $100 to $200 per channel.

The digital voice encoder/decoder equipment could apply one of several
techniques. A voice synthesis application probably would use some adaptive predic
tive coding (APC) algorithm such as APC-4 or one of the linear predictive coding
(LPC) algorithms such as LPC-10. According to Flanagan, et a1. (1979) adaptive
predictive coding can produce toll quality speech transmission at 16 kbps or com
munications quality at 7.2 kbps; however, the coder (equipment) is approximately
50 times more complex than a simple adaptive delta modulator. Flanagan, et al,
(1979) do not indicate the required sampling rate for achieving toll or communica
tions quality tramission with linear predictive coding but do report a synthetic
quality transmission is provided at a coding rate of 2.4 kbps. However, the LPC
equipment is reported to be 100 times more complex than a simple delta modulator.
The most common uses for voice synthesis techniques are those where extreme band
width restrictions are imposed or secure communications are required,

Complexity of the voice synthesis techniques makes equipment quite expensive.
We noted earlier that special telephones may be required, Typical cost for a
telephone and voice encoder/decoder (VOCODER) unit using LPC-10 technology is
about $13,000. Since APC technology is somewhat less complex, we estimate cost
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for a telephone and VOCODER unit using APC would be about $10,000.
Waveform encoding of voice signals is becoming a common technology applica

tion today. Many manufacturers offer equipment for this purpose, typically
developed using some algorithm for continuously variable slope delta modulation
(CVSD). Flanagan, et al. (1979) report required coding rates of 40 kbps for

toll quality transmission and 24 kbps for communications quality transmission
using adaptive delta modulation. In their paper, the term adaptive delta modula
tion (ADM) is used to refer generally to all types of delta modulators which
employ variable (or adaptive) step size encoding as opposed to linear delta
modulators which employ fixed (or nonadaptive) step size encoding of the analog
signal. Many manufacturers today are reporting that very satisfactory telephone
service can be provided using ADM technology at sampling rates as low as 16 kbps.
Customers using the ADM technology historically have been predominantly military;
however, there are growing numbers of nonmilitary users. Many of these newer
users of ADM technology have communications requirements similar to typical
thin-route requirements, as defined and discussed in Section 1.3.

Digital voice encoder/decoder equipment which uses sampling rates at 16 kbps
or higher (as specified by a user) and which are compatible with four-wire tele
phones are readily available from a variety of manufacturers.

The cost for adaptive delta modulation (probably CVSD) voice encoder/decoder
equipment is about $1,500 per channel plus about $800 for a tray, with power
supplies, connectors, etc., which will hold printed circuit boards for up to eight
channels. The CVSD encoding/decoding equipment which will accept data as well
as analog input signals will cost more -- about $3,000 to $4,000 per channel.

The bit streams from several digital voice encoder/decoder units can be
multiplexed into a single, composite bit stream for transmission. This feature,
providing several telephone channels on a single rf carrier, may have significant
implications on the cost of an earth station because single-carrier operation
could reduce the power capability required of the high-power amplifier and,
thus, cost. Single carrier operation would allow saturated (nonlinear) operation
of the amplifier, whereas multiple-carrier operation (such as three channels of
SCPC-FM telephony) woul~ require linear (backed-off) operation of the amplifier.
The composite bit rate will be about 1.05 times the sum of the separate bit
rates. That is, the typical mUltiplexer is about 95% efficient. The maximum
bit rate for the composite bit stream will be determined by the channel-spacing
requirements that may be imposed by the satellite owner, for example INTELSAT.
(Following discussion of the forward error correction (FEC) coder/decoder
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and Modem equipments, we discuss some configurations of digital baseband and IF
equipment, to arrive at composite bit stream rates which establish required

bandwidth and hence channel spacing, which we believe are reasonable.) A multi
plexer will cost about $1,500 for up to five digitized voice inputs. The multi
plexer will use printed circuit boards which may plug into the same tray used
for the voice encoder/decoder boards. A complete, stand-alone multiplexer will
cost about $2,000 to $2,500.

Forward error correction coding can (and should) be used to realize lower
bit-error rates for a given operating carrier-to-noise power density ratio.
According to Jacobs (1974) and Nesenbergs (1975), such coding can provide 6
or 7 dB actual coding gain (at carrier-to-noise power density ratios and bit
error rates typical for digital voice communications), depending on the coding
techniques that are used. Convolutional coding with maximum likelihood (Viterbi)
decoding is the most common. Error correction coding rates of 1/2, 3/4, and 7/8

are commonly available from manufacturers. These rates express the ratio between
the number of information bits presented to the coder and the number of bits
used to transfer that information, hence the redundancy in the composite bit
stream. Typical cost for forward error correction coding/decoding (CODEC)
equipment is about $4,500 per earth station.

Translation of baseband signals to IF would use either biphase (B) or
quadra- (Q) phase shift keying (PSK) Modems. Many manufacturers offer these
Modems at prices ranging from about $6,500 to $8,000. There is essentially no
difference in cost for biphase or quadraphase technology. Differences in Modem
costs reflect, primarily, market differences due to supplier and, secondarily,
differences in convenience features (such as indicators, which mayor may not be
provided).

Now, consider an earth-station configuration of baseband and IF equipment
which would provide three circuits of telephone service using an adaptive delta
modulation at an encoding rate of 16 kbps. The composite bit rate following the
multiplexer would be 48 kbps, neglecting multiplexer inefficiency. Forward error
correction at rate R=3/4 will increase the composite bit rate of the baseband signal
to 64 kbps. Using a QPSK modem the symbol rate would be 32 ·k symbols/sec. The
unfiltered bandwidth which includes 99% of the average spectral energy (20-dB band
width) would be about 120 kHz. However, manufacturers offer band-limiting filters
with 9-pole Nyquist filtering characteristics which allow channels to be spaced as
close as 1.5 times the symbol-rate spacing (for example, see Gray, 1981), or
48 KHz for this example. A standard channel spacing for INTELSAT, and for other
satellite systems as well, is 45 kHz. We should also remember that in thin-
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route applications with small-antenna earth stations, service limitation almost
certainly will depend on available satellite-transponder rf power rather than
available rf bandwidth. This means that the satellite transponder will not have

,~

enough power to support use of every available channel, so that perhaps only
every other channel or every third channel can be used.

An alternative for this example would be to use a BPSK rather than QPSK
Modem. The required symbol-rate then would be 64 k symbols/sec for which the
channel spacing requirement would be 96 kHz. This channel spacing requirement
would easily conform with use of every third channel in a normal 45-kHz channel
spacing plan. The possible advantage of this alternative is that uplink EIRP
would be spread over a wider bandwidth, thus the off-axis uplink EIRP restric
tion for power not to exceed 42 - 25 log e dBW/40, k~z (where e is the angle in
degrees from antenna boresight axis) would be satisfied more easily.

4.6 Complete Earth-Station Systems
This section discusses a complete, non-redundant earth station for thin-route

applications. The earth station may be configured by the user (or a contractor for
the user) using components from a variety of manufacturers with integration done
by the user (or his contractor). Or the complete earth station may be purchased
from a single supplier who does the system integration. Previous subsections of
Section 4 have discussed the principle components of the earth station and esti
mated costs for those components individually. In this section, we discuss some
complete (or turn-key) earth stations which are available or expected soon to
be available on the market. The discussion considers significant system features
and estimated costs, but specific sources ~re not identified. No preference,
ranking, or recommendation is intended or implied by the order in which types
and sizes of earth station systems are discussed. Our analysis of and recommenda
tions for systems which will satisfy requirements for the Rural Satellite Program
sponsored by the Agency for International Development are presented and discussed
later in this section.

Earth stations with antennas that are 3.0 to 4.5 m in diameter are on the
market, primarily as television receive-only stations or low-capacity data term
inals operating with domestic satellites. These stations sell for $20,000 to
$50,000 or more, depending on the type of application to be met. For example,
U.S., domestic receive-only, television earth stations range upwards in cost from
$20,000, although earth-station kits are available for less than $20,000. There
is little likelihood that such systems could be adapted to provide satisfactory
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telephone service in a thin-route application using an INTELSAT satellite. All

other factors aside, the cost would increase $10,000 to $15,000 for such a
system which could operate with the circular polarization of INTELSAT signals.
The system cost would increase even more if the system were to offer an INTELSAT
V-compatible, frequency re-use antenna feed for circular polarization. (It
should be noted, however, that we have found it difficult to obtain typical
market costs for such systems.)

One manufacturer offers a line of digital earth terminals with antenna size
ranging from 3.0 to 7.0 m which can be obtained as INTELSAT-compatible stations.
This station with a 3.0 m antenna could provide up to four telephone channels,
using digital voice synthesis techniques, on a single carrier per earth station.
However, the power available for one-quarter transponder on an INTELSAT satellite
with global beam coverage could only support about 18 rf carriers to provide 36
telephone circuits for the network. There are other serious technical problems
with such an application (i.e., excessive EIRP on the uplink) which may prevent
its use with an INTELSAT satellite. Furthermore, the system cost would be about
$125,000 for a 3.0-m antenna, increasing to $150,000 or $175,000 for a system
with a 7.0-m antenna. This manufacturer does report that company funds are
budgeted in 1982 for development of a low-cost, "sma ll international terminal. II

There are a number of manufacturers who offer earth stations with 4.5- or
5.0-m antennas, primarily for operation as (digital) data terminals typically at
56 kbps or multiples of 56 kbps, with a domestic type satellite. One manufacturer
is planning to offer by late 1982 a low-cost earth station, for use with domestic
type satellites, which will provide two channels of SCPC-FM (duplex) telephone
service. The station cost is estimated to range between $40,000 and $55,000
using a 5.0-m antenna. The manufacturers further estimated that cost would
increase by about $15,000 for that earth station to operate in the INTELSAT
system. One recently negotiated contract with a large manufacturer of satellite
earth stations will provide a small number of earth stations using 6.0-m antennas
with circularly polarized feed (not a frequency re-use type) and SCPC-FM
equipment for two (expandable to four) telephone circuits per earth station at a
cost slightly in excess of $200,000 per earth station.

As noted above there are a variety of manufacturers who offer digital earth
stations for operation with the domestic satellites. These terminals, in a

non-redundant configuration, typically cost about $60,000 to $80,000 (without
equipment for digital voice encoding and circularly polarized feed for the
antenna). One manufacturer projects a system of this type at $50,000 within the
next year. The addition of adaptive delta modulation for voice signal encoding
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and MUX equipment for up to five telephone circuits would add about $10,000 to tIle
earth-station cost. It should be noted, however, that estimates of earth-station
cost really are approximate when made without considering details and influences
of the application. For example, the type and capacity of the high-power ampli
fier that is required has a substantial impact on the earth-station cost.

Continuing our analysis of Section 3, we assume an earth station that would
provide three telephone circuits. Assuming C/N = 54.0 dB-Hz, we then use theo
earth-station component cost information discussed in Sections 4.1 through 4.5
to estimate total earth-station cost as a function of the receiving system
figure of merit (G/T). (Recall that Figure 4 relates figure of merit and low
noise amplifier temperature to antenna size.)

These estimates of cost are shown in Figures 16, 17, and 18 for INTELSAT
global beam coverage, INTELSAT hemispheric beam coverage, and PALAPA satellites
respectively. Each figure has two sets of curves for MESH and STAR networks, as
noted. And for each type of network, there are estimated costs for service
implementations using single channel per carrier, frequency modulation (SCPC-FM)
or adaptive delta modulation (ADM) technology. The dashed-line curves indicate
estimate uncertainties, arbitrarily selected, of +10% and -5% at G/T=17.5 dB/K
increasing linearly to +15% and -7 1/2% at G/T=30.0 dB/K.

Arrowed lines also are drawn on the figures to indicate that the INTELSAT
uplink EIRP restriction would be violated by an earth station of lesser capability,
assuming that the reduced capability resulted from use of a smaller antenna
rather than a higher system noise temperature. Of course uplink EIRP does not
relate directly to receiving system figure of merit. But receiving system figure
of merit and uplink EIRP, as well, do relate to antenna size, though not uniquely.
Therefore, the arrowed lines must be understood as approximate indications of
minimum, satisfactory, earth-station antenna size determined by reference to
Figure 4.

We notice that the earth-station costs developed from the component costs
do not fallon smooth curves of cost versus receiving system figure of merit.
We believe that is to be expected, though smooth curves have been drawn. However,
most of the computed earth-station costs do lie within the cost uncertainty
limits defined earlier and drawn on each figure.

Differences in earth station costs between SCPC-FM and ADM technologies
arise in two ways. Adaptive delta modulation at a 16-kbps sampling rate can
be multiplexed into a single bit stream at 48 kbps to which forward error
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Figure 17. Estimates of earth station cost to provide three telephone circuits per earth station,
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adaptive delta modulation (ADM) and an INTELSAT hemispheric beam coverage satellite.
Dashed lines indicate estimate uncertainties of +10% and -5% at G/T=17.5 dS/K
increasing linearly to +15% and -7 1/2% at G/T=30.0 dB/ K.



2201 I I I i I 2201 I I I I

200 MESH Network 200 STAR Network

•

Uplink EIRP does not exceed
42-251ogG dBW/40kHz

180

60

80

40' I ,

15.0 17.5 20.0 22.5 25.0 27.5 30.0 32.5
Receiving System Figure of Merit, G/T (dB/K)

'"g 160
o
-0.....
o

'"-0

§ 140
'"~o
~

'"8 120
c:
o
E
iii
.<=
t: 101>
c
w

I
I

I
I

I
I

I
I

I
I •

I
I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

/

//
/.

/'

......... ,./

-----------

I
I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

o
I

I
/

I
/

/
/

/
/

/
/

,,/
/,,"

~//'-- -,.

{
Uplink EIRP exceeds

~2- 25 logG dBW/40 kHz

40' I I
15,0 17,5 20,0 22,5 25,0 27,5 30,0 32,5

Receiving System Figure of Merit, G/T (dB/K)

80

60

100

180

120

160

140

'".Q
0
-0.....
0

'"-0
c:
C

'"~
0
~-'"0
(J

c:
0

:;::
c
iii

c.n t
c

0"'> w

(a) (b)
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correction coding can be added. Assuming FEC at rate R~3/4 and using QPSK, the
symbol rate is 32 k symbols/sec. Channel spacing, at 1.5 times the symbol rate,
is 48 KHz. The required carrier-to-noise power density for this signal is
55 dB-Hz (which includes an operating margin of 2 dB), about equivalent to that
required for companded frequency modulation. But, this technique provides three
telephone channels on a single carrier rather than one channel per carrier as
for SCPC-FM. Therefore, the required power from the high-power amplifier is less
than for SCPC-FM, and there is no output-power back-off requirement for which
allowance must be made. The second cost difference is in the Modem and voice
modulation units. Our market survey shows that SCPC-FM common equipment (excluding
frequency converters) and channel units for three channels will cost about $45,000,
whereas the PSK Modem, FEC CODEC, MUX, and Voice CODECS for three channels of
digitally encoded voice service will cost about $25,000.

5. SUMMARY OF ANALYSIS RESULTS
Figures 16 and 17 are based upon the INTELSAT global and hemispheric beams

with the technical characteristics noted in Table 3 and Appendix B. If these
technical characteristics are changed, then Figures 16 and 17 will change.

Figures 16, 17, and 18 give results for an example of telephone service
with three circuits per earth station. The number of earth stations in any net
work would be limited by the satellite downlink EIRP and, secondarily in some
cases, the bandwidth available in a quarter transponder. This example is a
general example, however, because it has not been focused to specific thin-route
applications.

From Figure 16, we observe that telephone service of three circuits per
earth station in a MESH network using an INTELSAT global beam coverage satellite
is technically possible for a receiving system figure of merit, G/T, of
22.5 dB/K at costs in the range of $70,000 to $85,000. This appears to be the
minimum in the present state of the art and would use adaptive delta modulation
digital technology. This example would be realized with an antenna diameter of
4.5 m, an LNA with 95K noise temperature, and an HPA with an output power level
of 130 W. Another configuration for an earth station with G/T=22.5 dB/K would
use an antenna of 6.0 m diameter, an LNA of 200K noise temperature, and an HPA

of about 75 w.
In general, the only major limitation is the INTELSAT uplink EIRP restriction.

To satisfy this requirement, the earth station G/T for the MESH network must be
increased to 27.5 dB/K, as shown in Figure 16. The earth station cost increases
above $100,000 as a result. For example, a G/T of 27.5 dB/K would require an
antenna with 8.0 m diameter, an LNA with a noise temperature of 95K, and an HPA
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with an output power level of 13 W.
The inform&tion shQwn by Figure 16 indicates that service in a STAR network

(with an INTELSAT global beam coverage satellite) could be provided with the
remote earth station G/T ; 25 dB/K (antenna diam~ter is 6 m). Minimum earth
station cost is estimated at about $75,000 for digital voice service up to about
$105,000 for SCPC-FM service. Lower G/T earth stations could be used, but the
INTELSAT uplink EIRP restriction would not be satisfied.

An INTELSAT satellite with hemispheric beam coverage has 2.5 dB more power
available (than from an INTELSAT global beam coverage satellite) from a quarter
transponder. This increased power will allow MESH network service using earth
stations with antennas between 6 and 8 m in diameter (G/T;26 dB/K). The earth
station minimum costs are estimated to be about $90,000 using digital technology
and $120,000 using SCPC-FM technology. Earth stations in a STAR network should
cost about $55,000 or $60,000 using digital technology or $85,000 using SCPC-FM
technology. In Figure 17 we notice these costs are close to absolute minimum
estimated costs. These earth stations would use 4.5-m (or 5.0-m) antennas and
have G/T=20 dB/K. Again, these results are the minimums that satisfy the uplink
EIRP restriction.

The considerably higher power available from a domestic satellite such as
PALAPA will allow use of still less expensive earth stations. The uplink EIRP
restriction does not create a serious impact even for MESH networks. Estimated
earth station costs range from about $45,000 or $50,000 to about $70,000 to
$80,000 depending on the networking scheme and voice modulation technology chosen.

In summary, the analyses of service in this example of three telephone
circuits per earth station and estimated earth station costs show that the
minimum antenna size that could be used in an INTELSAT system is about 6 m
for this level of service. An earth station with that antenna could operate
only in a STAR network if the space segment is global beam coverage. A MESH
network service would be marginal, but possible, perhaps, with limitations using
hemispheric beam coverage. Earth-station cost is estimated to range from $70,000
to $120,000 depending on the voice modulation technology chosen and the space
resources available to support the service.
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APPENDIX A: TELEPHONE SERVICE REQUIRED C/No CALCULATIONS

Required carrier-to-noise power density (C/N ) at the receiving earth stationo
is the communications link parameter which establishes the selections of other
controllable parameters in the link budget. These selectable parameters include
the uplink EIRP, which is controlled by the transmitting antenna gain and the
output power of the high-power amplifier, and the receiving system figure of
merit (antenna-gain-to-receiving-system noise temperature, G/T). The type of
service that is to be provided determines the required carrier-to-noise power
density that must be realized. This appendix references the work of other
researchers and includes some analysis to show the carrier-to-noise power
densities that are required for the types of telephone service that are considered
most likely to be implemented in development of thin-route communications systems,
particularly systems for which assistance is provided by the Agency for Interna
tional Development.

Companded frequency modulation as a single channel per carrier service,
commonly referred to as SCPC-FM, requires a carrier-to-noise power density ratio
of 53.0 dB-Hz if a phase-locked loop demodulator is used or 53.8 dB-Hz if an FM
discriminator is used, according to Campanella, et ale (1977). As an approximate
value, we assume SCPC-FM requires C/No = 54.0 dB-Hz, which is one of the values
used to compute the number of telephone channels that can be provided by 1/4
transponder, parametric in receiVing system figure of merit (G/T). Other values
of carrier-to-noise power density ratios which have been used are 48.0, 51.0 and
57.0 dB-Hz (3-dB intervals).

We show computations of required carrier-to-noise-power-density ratios for
digital telephone service using various combinations of technology. Detailed
computations are shown for three typical service configurations. These computa
tions are followed by results in Table A-l for several possible service combina
tions. Abbreviations in the notation used in that table have the following
meanings. Single (or one) channel per carrier is denoted as SCPC, 2CPC denotes
two channels per carrier, 4CPC denotes four channels per carrier, etc. MUltiple
channels per carrier may be realized by multiplexing individual channel bit streams
to form a composite bit stream for rf modulation and transmission. ADM is used to
denote adaptive delta modulation in a general sense, which includes continuously
variable-slope delta modulation (CVSD) as well as other specific forms of delta
modulation. Two-phase, or binary, phase shift keying (PSK) modulation is denoted
by BPSK, and QPSK denotes four-phase, or quaternary, PSK. LPC denotes linear pre-
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Table A-1. Required Carrier-to-Noise Power Density, CINo' Values for Various
Choices of Voice Encoding, Forward Error Correction (FEC) Coding,
and Modulation Techniques; BER = 10-4

Voice Encoding.and Requi red C/No 20 dB Bandl;i dth (KHz) Minimum Channel Spacing-1KHZT-------;-e-;:-

RF Modulation Technique (dS-Hz) - (99% Avg. Spectra1 EnergyL-_ 1.5__(Bit B.atet___

No FEC R=3/4 FEC R=1/2 FEC No FEC R=3/4 FEC R=1/2 FEe No FEC R=3/4 FEC R=1/2 FEC
-- -- --

(BPSK and QPSK) (QPSK only) (QPSK only)

SCPC ADM at 9.6 kbps 52.2 48.0 46.3 26.9 35.8 53.8 7.2 9.6 14.4 1-5
16.0 kbps 54.4 50.2 48.5 44.8 59.7 89.6 12.0 16.0 24.0 1-5
32.0 kbps 57.4 53.2 51. 5 89.6 119.5 179.2 24.0 32.0 48.0 1-5

2CPC AD~l at 9.6 kbps 55.2 51. 0 49.3 53.8 71. 7 107.5 14.4 19.2 28.8 1-5
16.0 kbps 57.4 53.2 51.5 89.6 119.5 179.2 24.0 32.0 48.0 1-5
32.0 kbps 60.5 56.3 54.6 179.2 238.9 358.4 48.0 64.0 96.0 1-5

3CPC ADM at 9.6 kbps 57.0 52.8 51.1 80.6 107.5 161. 3 21. 6 28.8 43.2 1-5
16.0 kbps 59.2 55.0 53.3 134.4 179.2 268.8 36.0 48.0 72.0 1-5
32.0 kbps 62.2 58.0 56.3 268.8 358.4 537.6 72.0 96.0 144.0 1-5

4CPC ADM at 9.6 kbps 58.2 54.0 52.3 107.5 143.4 215.0 28.8 38.4 57.6 1-5
16.0 kbps 60.5 56.3 54.6 179.2 238.9 358.4 48.0 64.0 96.0 1-5
32.0 kbps 63.5 59.3 57.6 358.4 472.9 716.8 96.0 128.0 192.0 1-5

2CPC LPC at 4.8 kbps 52.2 48.0 46.3 26.9 35.8 53.8 7.2 9.6 14.4 1-5
9.6 kbps 55.2 51.0 49.3 53.8 71. 7 107.5 14.4 19.2 28.8 1-5

4CPC LPC at 4.8 kbps 55.2 51. 0 49.3 53.8 71.7 107.5 14.4 19.2 28.8 1-5
9.6 kbps 58.2 54.0 52.3 107.5 143.4 215.0 28.8 38.4 57.6 1-5

--
*DCDM denotes Digitally Controlled-Slope Delta Modulation.

Reference 1:
Reference 2:
Reference 3
Reference 4
Reference 5

Gray (1981).
Jacobs (1974).
Nesenbergs (1975).
Oetting (1979).
Sp 11 ker'!' (1977) .



dictive coding, a voice synthesis. technology.
The bit energy-to-noise power density (Eb/No) required as a function of bit

error rate (BER) using phase shift keying modulation (BPSK and QPSK) is discussed
by many authors. Typical values and many references are given by Oetting (1979).
For thin-route satellite communication networks, available satellite EIRP rather
than bandwidth generally limits the network size (i.e., the number of circuits that
can be supported simultaneously). It often is desirable to use forward error cor
rection (FEC) coding under these circumstances to reduce bit errors while utilizing
a low carrier-to-noise-power-density ratio. Convolutional encoding with maximum
likelihood (Viterbi) decoding is a good choice for optimizing the tradeoff between
maximum coding gain and minimum implementation cost. The advantages of FEC coding
to reduce bit errors also have been reported by many authors. Representative re-
sults for rate R=1/2 and rate R=3/4 coding are reported by Jacobs (1974) and Nesenbergs

(1975).
Transmission with no FEC coding requires energy per bit-to-noise power density,

Eb/No' of 10.4 dB for BER=10-4. When rate R=3/4 coding, constraint length k=9 and
eight level soft decision decoding is used, the required Eb/No is 6.2 dB for
BER=10-4. For rate R=1/2 coding, constraint length k=7 and eight level soft
decision decoding, the required Eb/No is 4.5 dB for BER=10-4. All values include
about 2 dB for modem implementation losses. The required carrier-to-noise power

density, C/No' is given by
C Eb 1 Eb- (dB) = -(dB) + 10 10910 (r) = N(dB) + 10 10910 RbNo No b 0

where Tb is the time per bit and Rb is the bit rate. Three calculations of typical
requi red carri er-to-noi se- power-dens ity ra ti os fo 11 ow.

First, we consider SCPC ADM at 32 kbps analog signal encoding rate with no
error correction coding and with rates R=3/4 and R=1/2 FEC coding. These values

apply to BPSK as well as QPSK rf modulation.
No FEC R=3/4FEC R=1/2 FEC

Required Eb/No (dB) 10.4 6.2 4.5

Bit Rate Factor (dB-Hz) 45.0 45.0 45.0

Operating Margin (dB) 2.0 2·.0 2.0

Required C/No (dB-Hz) 57.4 53.2 51.5

As a second example, we consider 4CPC at 16 kbps encoding rate, which provides
an aggregate information bit rate of 64 kbps. Again, considering no FEC and rates
R=3/4 and R=1/2 FEC coding, the required carrier-to-noise-power-density values

are shown.
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No FEC R=3/4 FEC R~1/2 FEC

Required Eb/No (dB) 10.4 6.2 4.5
Bit Rate Factor (dB-Hz) 48.1 48.1 48.1
Operating Margin (dB) 2.0 2.0 2.0
Required C/No (dB-Hz) 60.5 56.3 54.6

For the third example, we consider 2CPC LPC at a channel sampling rate of
4.8 kbps, which provides an aggregate information rate of 9.6 kbps. The required
carrier-to-noise-power-density values for no FEC and rates R=3/4 and R=1/2 FEC
are shown.

No FEC R=3/4 FEC R=1/2 FEC

Required Eb/No (dB) 10.4 6.2 4.5
Bit Rate Factor (dB-Hz) 39.8 39.8 39.8
Operating Margin (dB) 2.0 2.0 2.0
Required C/No (dB-Hz) 52.2 48.0 46.3

Following the calculation methodology demonstrated by these examples, the
values shown in Table A-l have been calculated.

We notice in Table A-l that there are nine combinations of voice encoding and
rf modulation techniques which will provide voice service at C/N =54.0 + 1.0 dB-Hz.o -
There are an additional 20 combinations which will provide service at

C/No < 53.0 dB-Hz.
Voice service using digital techniques such as linear predictive coding at a

4.8 kbps sampling rate or adaptive delta modulation at a 16 kbps encoding rate will
not be toll quality service. But, we believe a satisfactory grade of service for
many applications, within the Rural Satellite Program and other similar types of
program applications, can be provided using such digital techniques.

REFERENCES
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APPENDIX B: SATELLITE TRANSPONDER TECHNICAL CHARACTERISTICS

Thin-route applications in general and Rural Satellite Program applications
in particular undoubtedly will use leased transponder resources to provide the
desired communication services. Throughout the world the most likely resources
available for lease are those provided by INTELSAT. On a considerably more
limited basis desired communication services may be provided using leased domestic
satellite transponder resources, for example, in Indonesia and North America.
Technical characteristics for satellite resources, which operate in the
3.700- to 4.200-GHz downlink and 5.925- to 6.425-GHz uplink bands, expected to
be available for lease are shown in Table B-1 for INTELSAT IV, Table B-2 for
INTELSAT IV-A, Table B-3 for INTELSAT V, Table B-4 for Palapa A, and Table B-5
for Palapa 8.

Table B-1. Transponder Nominal Technical Characteristics for an
INTELSAT IV Satellite*

Beam Coverage of Satellite Antenna
Satellite G/T (dB/K)
Transponder Leased Resources Characteristics

Saturation
Back-off Required for Multiple

Carri ers
Full-Transponder (36 MHz), Multiple

Carrier Operation
One-Half Transponder (18 MHz)
One-Quarter Transponder (9 MHz)

Number of Transponders per Satellite
Transponder Bandwidth

Global
-18.6

Flux Density (Rcving)
-67.5 dBW/m2

-10.5 dB

-78.0 dBW/m2

-81.0 dBW/m2

-84.0 dBW/m2

12 maximum
36 MHz

EIRP (Xmting)
22.0 dBW

-4.5 dB

17.5 dBW
14.5 dBW
11.5 dBW

*References: Kelley (1978) and Satellite Systems Digest (1981).
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Table B-2. Transponder Nominal Technical Characteristics for an
INTELSAT IV-A Satellite*

Beam Coverage of Satellite Antennas
Satellite G/T (dB/K)

Global and Hemispheric
-18.6 (Global)
-11 .6 (Hemi spheri c)

Characteristics
Same as shown in Table B-1.

Flux Density (Rcving) EIRP (Xmting)
-67.5 dBW/m2 26.0 dBW

Transponder Leased Resources
Global Beam Coverage
Hemispheric Beam Coverage

Saturation
Back-off Required for Multiple

Carriers
Full-Transponder (36 MHz), Mu1tip1e

Carrier Operation
One-Half Transponder (18 MHz)
One-Quarter Transponder (9 MHz)

Number of Transponders per Satellite
Transponder Bandwidth

-11. 0 dB

-78.5 dBW/m2

-81.5 dBW/m2

-84.5 dBW/m2

20 maximum
36 MHz

-6.0 dB

20.0 dBW
17.0 dBW
14.0 dBW

*References: Kelley (1978) and Satellite Systems Digest (1981).
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Table B-3. Transponder Nominal Technical Characteristics for an INTELSAT V Satellite* (6/4 GHz Operation)

29.0

*20.0*

23.5

13.0

17.0

14.0

*20.0*

*16.0*

29.0

17.0

14.0

(Fl-F9T)

and Zonal

(F5-F9f )
-16.0
-9.0
-6.0

EIRP (Transmitting)

Hemispheric,
(Fl-F4T)

-18.6
-11.6
-8.6

Global,

(Global)
(Hemispheric)
(Zonal)

Flux Density (Receiving)

Low Gain High Gain

(Fl-F4f) (F5-F9T) (F1-F4T) (F5-F9T)

Beam Coverage of Satellite Antennas

Transponder Leased Resources Characteristics

Satell He G/T (dB/ K)

Global Beam Coverage
36 MHz of Transponder Bandwidth, Single or

Multiple Carrier Operation -67.5 -70.1 -75.0 -77 .6
18 MHz of Transponder Bandwidth, Multiple * * * *

Carrier Operation -81.0* -83.6* -88.5* -91 .1*
9 MHz of Transponder Bandwidth, Single or

Multiple Carrier Operation -84.0 -86.6 -91.5 -94.1
Hemispheric Beam Coverage

C"l
72 MHz of Transponder Bandwidth, Single or

""-J Multiple Carrier Operation -64.5 -67.1 -72.0 -74.6
36 MHz of Transponder Bandwidth, Multiple * * * *

Carrier Operation -77.5* -80.1* -85.0* -87.6*
18 MHz of Transponder Bandwidth, Single or

-83.1 -88.0 -90.6Multiple Carrier Operation -80.5
9 MHz of Transponder Bandwidth, Single or

-86.1 -91.0 -93.6Multiple Carrier Operation -83.5
Zonal Beam Coverage
72 MHz of Transponder Bandwidth, Single or

-64.5 -67.1 -72.0 -74.6MUlti¥le Carrier Operation
36 MHz of ransponder Bandwidth, Multiple

* * * *Carrier Operation -77.5* -80.1* -85.0* -87.6*
18 MHz of Transponder Bandwidth, Single or

Multiple Carrier Operation -80.5 -83.1 -88.0 -90.6
9 MHz of Transponder Bandwidth, Single or

Multiple Carrier Operation -83.5 -86.1 -91.0 -93.6
Number of Transponders per Satellite 15 maximum
Transponder Bandwidth (MHz) 36,41, 72, and 77
* References: INTE(SAT (1981) and Satellite Systems Digest (1981).
t Spacecraft numbers.
* 2 dB higher for single carrier operation.*



Table B-4. Transponder Nominal Technical Characteristics for a
Palapa A Satellite* (Typical for Domestic Systems Which
Use Hughes HS 3330 Satellites)

EIRP (Xmting)
32.0 dBW

Beam Coverage of Satellite Antenna
Satellite G/T (dB/K)
Transponder Leased Resources Characteristics

Saturation
Back-off Required for Multiple

Carri ers
Full-Transponder, MUltiple-Carrier

Operation
One-Half Transponder
One-Quarter Transponder

Number of Transponders per Satellite
Transponder Bandwidth

Shaped for Indonesia
-7.0

Fl ux Dens i ty (Rcvi ng)
-80.0 dBW/m2

-7.0 dB

-87.0 dBW/m2

-90.0 dBW/m2

-93.0 dBW/m2

12
36 MHz

-4.0 dB

28.0 dBW
25.0 dBW
22.0 dBW

*References: Sanderson and Elbert (1976) and Satellite Systems Digest (1981).

Table B-5. Transponder Nominal Technical Characteristics for a
Palapa B Satellite* (Typical for Domestic Satellite
Systems Which Use Hughes 376 Satellites)

Transponder Leased Resources Characteristics
Saturation

EIRP (Xmting)
34.0 dBW

Beam Coverage of Satellite Antenna

Satellite G/T (dB/K)

Shaped for Indonesia, Philippines,
and Thailand

-5.0
Flux Density (Rcving)

-80.0 dBW/m2

Back-off Required for Multiple
Carriers

Full-Transponder, MUltiple-Carrier
Operation

One-Half Transponder
One-Quarter Transponder

Number of Transponders per Satellite
Transponder Bandwidth

-7.0 dB

-87.0 dBw/m2

-90.0 dBW/m2

-93.0 dBW/m2

24
36 MHz

-4.0 dB

30.0 dBW
27.0 dBW
24.0 dBW

*References: Hughes (1980) and Satellite Systems Digest (1981).
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The nominal values given in these tables for satellite receiving system
G/T and EIRP are for beam edge. For locations within the beam, a geographical
advantage of up to 3 dB or more, depending on the satellite, will be realized for
each parameter. This benefit occurs because of the antenna pattern (higher
gain as earth station locations approach the antenna aim point) and reduced
path loss.

REFERENCES
Hughes (1980), Palapa - B Fact Sheet, Hughes Aircraft Company, April.
INTELSAT (1981), INTELSAT V and V-A Leased Transponder Definitions,

Document BG-47-7E, W/9/81 and BG/T-38-5E, W/8/8l, Attachment No.1.
Kelley, T. M. (1978), Domestic satellite communications using leased

INTELSAT transponders, Conference Record of ICC 178, Vol. I, Toronto,
Canada. -

Sanderson, C. C.,and B. R. Elbert (1976), Communication system design of
Indonesian domestic satellite system, WESCON Technical Papers, Paper 9/2,
September.

Satellite Systems Engineering, Inc. (1981), Satellite Systems Digest,
(7315 Wisconsin Avenue, Washington, D. C. 20014).
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APPENDIX C: EARTH STATION TECHNICAL CHARACTERISTICS

A number of manufacturers were contacted regarding the earth stations and/or
earth station components which they market. These contacts were made to determine
characteristics and costs. Much of the information obtained by these'contacts
is reported in Section 4 of the report, and that information will not be repeated
in this Appendix. Only supplementary information is provided in this Appendix.

We have assumed earth-station receiving-system figure of merit (G/T) values
of 17.5, 20.0, 22.5, 25.0, 27.5, and 30.0 dB/K in the parametric analysis approach
taken by this report. Figure 4 of the report is a plot of receiving system
figure of merit versus LNA noise temperature, para~etric in antenna aperture
diameter. In developing the data for that figure, we used information obtained
from manufacturers regarding main-beam antenna gain versus aperture diameter to
calculate antenna efficiency. Based on those calculations, typical receiving
and transmitting operation efficiencies have been assumed and used to calculate
typical gain as a function of frequency. The assumed efficiencies are 65% at
3.950 GHz (mid-band for the receiving band) and 55% at 6.175 GHz (mid-band for
the transmitting band). Antenna gain was calculated using the expression

( 47TA )G(dB) = 10 10g10 E----2 '
A

GHz, dB
43.2

46.7

49.2
51.7

53.6

at 6.175Gain

Calculated Antenna Gains at 3.950 GHz and 6.175 GHz,
Assuming Efficiency is 65% for Receiving and 55% for
Transmitting Applications.

Gain at 3.950 GHz, dB
40.0
43.5

46.0
48.5,

50.5

where:

Antenna Aperture, m
3.0

4.5

6.0

8.0

10.0

A = area, in square meters, of the antenna aperture,
E = antenna efficiency as a function of frequency, and
A = wavelength, in meters, of the received or transmitted energy.

Calculated gains as a function of frequency and antenna aperture diameter are

shown in Table C-l.
Table C-l.

The receiving system noise temperature must be known or assumed to calculate

the receiving system figure of merit, G/T. System noise temperature, in that
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ratio, is designated more precisely as TS' where
TATS = --y+ T.e. + TE (OK).

In the expression above,
TA = antenna, noise temperature,

.e. = resistive losses (numeric) between the antenna and the receiver
(usually the LNA which is the first component of the receiver),

T.e. = contribution to system noise temperature due to resistive losses, .e.,
_ 1
-(1 - I)290K, and

TE = equivalent noise temperature of the receiver, which includes the LNA.

In a system of two cascaded amplifiers, the effective noise temperature is
the sum of the noise temperature of the first amplifier plus the noise tempera
ture of the second amplifier divided by the gain of the first amplifier, i.e.,

T2T + -- The low-noise amplifier normally is the first component of the earth1 gl .
station receiver. In our survey of manufacturers, we found that gain for GaAs
FET low-noise amplifiers (reported in Section 4.2) typically is 50 dB or about

105 numeric. We, therefore, assume that TE = TLNA , where TtNA = noise temperature
of the low-noise amplifier. Secondly, we assume that TA = 25K or less and that
I = 0.2 dB. We believe these values are representative of maximum values that
would be found in a well-engineered earth station for thin-route applications.
Using the values assumed, we calculate TAil + TI = 35K with which we simplify

the system noise temperature expression to

TS = TLNA + 35 (K).
The gains from Table C-l and TS using the above expression are used to calculate

G/T as )
G _ (antenna gain (numeric),
f - 10 log 1~ TS •

Table C-2 is a matrix of G/T values for antenna gain (or antenna aperture dia

meter) versus system noise temperature.

71



Table C-2. Receiving System Figure of Merit, G/T, as a Function of
Antenna Gain (Aperture) and System Noise Temperature, TS

Antenna Receiving Antenna Ts' K(TLNA)
Diameter, m Gain, dB 90 (55-Y 125 (90) 155 (120) 185 -(1501 235 (200)

3.0 40.0 20.5 19.0 18. 1 17.3 16.3
4.5 43.5 24.0 22.6 21. 6 20.9 19.8
6.0 46.0 26.5 25. 1 24. 1 23.4 22.3
8.0 48.5 29.0 27.6 26.6 25.9

I
24.8

10.0 50.5 30.9 29.5 28.6 27.8 f 26.8I

We notice that within each column there is a 10.5~dB spread due to antenna size,
and within each row there is a spread of about 4 dB due to the low~noise-ampli

fier noise temperature.
Supposing that the remote earth~station antenna size is determined by the

figure of merit (G/T) that must be used to obtain the required carrier-to-noise
power density (C/No) to provide the selected type of service, then the only way
in which the uplink EIRP for the return link can be obtained is by adjustment of
the output power from the high-power amplifier. Table C-1 shows transmitting
antenna gain as a function of antenna size. Output power from the HPA on a
per-carrier basis is determined from the simple expression

HPA Output Power (dBW) = Uplink EIRP (dBW) - Antenna Gain (dB).
The link budgets in Appendix D show the HPA output power on a per-carrier basis to
range from <0.1 W(Palapa A) to almost 2 kW (INTELSAT Global) MESH network of
stations. In a STAR network, the HPA output power requirements on a per~carrier

basis range from <0.1 W(Palapa A) to 72.4 W(INTELSAT Global) for the remote
station and from <0.1 W(Palapa A) to 128.8 W(INTELSAT Global) for the central
station. In single~channel~per~carrier applications the total output~power

requirement would be increased by a factor equal to the number of channels to be
provided plus a required back-off of ~4 dB for mu1ticarrier operation. As a
general rule, if the total output-power requirement exceeds about 10 dBW/40 kHz,

the INTELSAT off-axis EIRP restriction of 42 ~ 25 log 8 dBW/40 KHz will be
exceeded.
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APPENDIX D: LINK BUDGET CALCULATIONS

In our parametric analysis approach, we have assumed six remote-earth
station figure-of-merit (G/T) values ranging from 17.5 to 30.0 dB/K; four
carrier-to-noise power density (C/No) values ranging from 48.0 to 57.0 dB-Hz;
three poss i b1e types of sate11 ite transponder resources, namely 1/4 transponder on
an INTELSAT with global-beam coverage satellite, INTELSAT with hemispheric-beam
coverage satellite, or a Pa1apa A satellite; and MESH and STAR network configura
tions. Link budgets for each combination of these parameters are given in this
appendix. A brief discussion of each parameter in the link budget is given first.

Item 1 shows the antenna diameter and/or earth-station figure of merit
(G/T) for the remote earth station in a STAR network or the common station in a
MESH network.

Item 2 is the power that ~ust be delivered by the high-power amplifier to
the antenna. This power is the difference between the uplink EIRP (item 4) and
the calculated antenna gain, midband, for uplink frequencies (item 3).

Item 3 is the calculated antenna gain, midband for uplink frequencies.
Appendix C provides details of the calculated gains. The gain is for the common
earth station in a MESH network. Item 3 in the remote-station-to-centra1-station
link budgets for a STAR network is the gain of the remote station antenna. In
the central station-to-remote station link budget, item 3 is calculated gain for
the central earth station which is assumed to be an INTELSAT Standard B or equi
valent capability earth station.

Item 4 is the uplink EIRP, denoted later as EIRP up ' that will provide the

required total carrier-to-noise power density (C/No)tot' item 23.

Item 5 is an assumed value for uplink losses, denoted later as
from a variety of causes such as pointing error, polarization loss,
absorption, etc.

Item 6 is the calculated (free-space) uplink propagation loss, denoted later
as Lf ,for an assumed elevation angle of 20°.s-up

Item 7 is the power flux density at the satellite resulting from the uplink
EIRP shown as item 4. Power flux density (PFD) is calculated using the following

expression:
2 %

PFD (dBW/m ) = EIRP up - Lmisc-up (dB) - Lfs - up (dB) + 10 10910 :z
A

Item 8 shows the maximum power flux density allowed for multicarrier opera
tion. Refer to Appendix B for values that are appropriate for each type of
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satellite transponder resource. Item 7 value must not exceed Item 8 value.
Item 9 shows Boltzmann1s constant, denoted as K, which is used in calculating

the uplink and downlink carrier-to-noise power density ratios, items 11 and 20,

respectively.
Item 10 shows the satellite figure of merit, denoted later as (G/T)sat. Refer

to Appendix B for values that are appropriate for each type of satellite resource.
The quantity is used in calculating the uplink carrier-to-noise power density
ratio.

Item 11 is the calculated uplink carrier-to-noise power density, (C/No)up'
which is calculated using the following expression:

(~o)up (dB-Hz) = PFD (dBW/m
2

) + (f)sat - 10 10910 ~~ - K (dBW/K-Hz)

_1-
93

.
0

-37.3
152.3

Palapa A
22.0

_1-
84

.
5

-37.3
135.8

_1-
84

.
0

-37.3
132.8

Item 12 shows the calculated total satellite system gain, that is, the gain
of the receiving antenna plus gain in the transponder electronics plus gain of
the transmitting antenna. This gain is determined by calculating the gain that
is required to produce the maximum downlink EIRP (shown in Appendix 2) when the
uplink signal just meets the maximum, multicarrier power flux density shown as
item 8 (also given in Appendix B). These calculations are shown below for the
three types of satellite resources considered in this report.

INTELSAT INTELSAT
Global Hemispheric
11.5 14.0Max. Available Downlink EIRP (dBW):

Max. Multicarrier Flux Density
(dBW/m2):

Gain of 1 m2 Antenna, 100%
Efficient (dB):

Required Gain to Obtain Max. EIRP (dB):

Item 13 is the downlink EIRP (per carrier), EIRPdn , that will provide the
total required carrier-to-noise power density shown as item 23. This necessary
downlink EIRP is calculated using the following expression:

EIRPdn(dBW) = (~O)dn (dB-Hz) - (f)es + Lmisc_dn(dB) + Lfs_dn(dB) + K(dBW/K-Hz)

(f)es denotes figure of merit for the earth station.

Item 14 is the maximum level of interference caused by adjacent transponder
intermodulation that is allowed. INTELSAT specifies that this interference must
not exceed -40.0 dBW/4 kHz, or -76.0 dBW/Hz.
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Item 15 is an assumed value for downlink losses, denoted as Lmisc-dn' from
a variety of causes such as pointing error, polarization loss, atmospheric
absorption, etc.

Item 16 is the calculated (free space) downlink propagation loss, denoted as

Lf d' for an assumed elevation angle of 20°.s- n
Item 17 is the calculated antenna gain, midband, for downlink frequencies.

Appendix C provides details of calculating the gain. The gain is for the common
earth stations in a MESH network. Item 17 is (receive) gain of the central,
standard B earth station antenna in the STAR network in a remote station-to
central station link budget. For the STAR network, central station-to-remote
station link budget, item 17 is gain of the remote earth station, receive mode.

Item 18 is the receiving system noise temperature. System noise temperature
and calculation methods are discussed in Appendix C.

Item 19 is the earth-station figure of merit calculated from items 17 and 18
according to the method discussed in Appendix C or a value from some other source
such as 31.7 dB/K for an INTELSAT Standard B earth station.

Item 20 is the downlink carrier-to-noise power density, (~) ,which is
o dncalculated using the following expression:

(~) (dB-Hz) = EIRPdn(dBW) + (t)es(dB/K) - Lmisc_dn(dB) - Lfs_dn(dB) - K(dBW/K-Hz).
o dn

Item 21 is the downlink carrier-to-intermodulation noise power density, denoted

as (f)dn' which is calculated using the following expression:

(fI)d (dB-Hz) = EIRPd (dBW) - L. d (dB) - I(dBW/Hz).n n mlSC- n

Item 22 is the total, system carrier-to-noise power density, denoted as

(C/No)tot which is calculated using the following expression:

(i )-1 (numeric) = (i )-1 (numeric) + (i )-l(numeric) + (f)-l(numeric)
o tot 0 up 0 dn dn

and, of course,

(i) (dB-Hz) = 10 10910 (i) (numeric).
o tot 0 tot

Item 23 is the carrier-to-noise power density that must be provided by the

system according to the type of service the system is intended to provide.
Tables D-l through D-36 show link budgets for the two network options, three

satellite resource options, and four carrier-to-noise power density ratio options

considered in this report.
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9
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120)

13

14
15

16

17
18
19
20

21
22

23

Table 0-1. Link Budget for Required C/N o = 48.0 dB-Hz for a MESH Network
using an INTELSAT Global Beam Coverage Satellite Resource

MESH Network -- Station-to-Station Link Budget

Earth Station G/T dB/K 17.5 20.0 22.5 25.0 27.5 30.0
· Antenna Diameter m 3.0 3.0 4.5 4.5 6.0 6.0 8.0 8.0 10.0
· XMTR Pwr. to Ant. dBW 23.4 20.9 17.4 15.u 12.5 10.0 I. b 5.1 0.8

W 218.8 123.0 55.0 31.0 1/.8 10.0 5.6 3.2 1.2
· XMTR Ant. Gain (6 GHz) dB 43.2 43.2 46.7 46.7 49.2 49.2 51.7 51. 7 53.6
· Uplink EIRP (6 GHz) dBW 66.6 6l • I 61.1 59.2 56.8 54.4
· Misc. Uplink Losses dB 0.5 0.5 0.5 0.5 0.5 0.5

Uplink Prop. Loss dB 200.2 200.2 200.2 200.2 200.2 200.2· (a=200)

· Pwr. Flux Den. at Sat. dBW/m2 -96.8 -99.3 -101.7 -104.2 -106.6 -109.0
Multi-Carrier Operating dBW/m2 -84.0 -84.0 -84.0 -84.0 -84.0 -84.0· Flux Density

· Boltzmann's Constant dBW/K-Hz -228.6 -228.6 -228.6 -228.6 -228.6 -228.6
· Sa te 11 ite G/T dB/K -18.6 -18.6 -18.6 -18.6 -18.6 -18.6
· Uplink Rec'd. C/N o dB-Hz 71;).9 13.4 II.U 68.5 66.1 63.7
· Satellite System Gain dB 132.8 132.8 132.8 132.8 132.8 132.~

Sat. EIRP per Carrier dBW -1.3 -3.8 -6.2 -8.7 -11 .1 -13.5· (4 GHz)
· Sat. Int. Power dBW/Hz -76.0 -76.0 -76.0 -76.0 -76.0 -76.0
· Misc. Downlink Losses dB 0.5 0.5 0.5 0.5 0.5 0.5

Downlink Prop. Loss dB 196.3 196.3 196.3 196.3 196.3 196.3· (a=200)
· RCV Ant. Gain dB ------- ------------- --- See Figure 4 ------- ---------_. ---------
· RCV Sys. Noise Temp. dBI K ------- ------------- --- See Figure 4 ------- ---------- ---------
· Earth Station G/T dBI K 17.5 20.0 22.5 25.0 27.5 30.0
· Downlink Rec'd. C/No dB-Hz 48.0 48.0 48.1 48.1 48.2 48.3
· Downlink Rec'd. C/I dB-Hz 74.2 71.7 69.3 66.8 64.4 62.0
· System C/No (Total) dB-Hz 48.0 48.0 48.0 48.0 48.0 48.0

· Required C/No dB-Hz 48.0 48.0 48.0 48.0 48.0 48.0
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Table D-2. Link Budget for Required C/No ~ 48.0 dB-Hz for a STAR Network,
Remote Station-to-Central Station Link, using an INTELSAT Global
Beam Coverage Satellite Resource

STAR Network -- Remote Station-to-Central Station Link Budget

· Antenna Diameter m 3.0 4.5 6.0 8.0 10.0
· XMTR Pwr. to Ant. dBW 9.6 6.1 3.6 1.1 -0.8

W 9.1 4.1 2.J 1.3 o.~

· XMTR Ant. Gain (6 GHz) dB 43.2 46.7 49.2 51.7 53.6
· Uplink EIRP (6 GHz) dBW l:\?v. 8
· Misc. Uplink Losses dB 0.5

Uplink Prop. Loss dB 200.2· (a=20o)

· Pwr. Flux Den. at Sat. dBW/m2 -110.6
Multi-Carrier Operating dBW/m2 -84.0· Flux Density

· Boltzmann's Constant dBW/ K-Hz -228.6
, Satellite G/T dB/ K -18.. 6
· Uplink Rec'd. C/No dB-Hz 62.1
· Satellite System Gain dB 132.8

Sat. EIRP per Carrier dBW -15. 1, (4 GHz)
· Sat. Int. Pwr. dB-Hz -76.0
· Misc. Downlink Losses dB 0.0

Downlink Prop. Loss dB 196.3· (a=200)
· RCV Ant. Gain dB STD'IB
· RCV Sys. Noise Temp. dB/R STD liB

Earth Station G/T dB/K 31.7· (Std IIB II )
· Downlink Rec'd. C/No dB-Hz 48.4
· Downlink Rec'd. CII dB-Hz 60.4
· System CINo (Total) dB-Hz 48.0

· Required CINo dB-Hz 48.0



Table D-3. Link Budget for Required C/No = 48.0 dB-Hz for a STAR Network,
Central Station-to-Remote Station Link, using an INTELSAT Global
Beam Coverage Satellite Resource

1

2

3
4
5

6

7

8

9
10
11

-.....J 12co

13

14
15

16

17
18
19
20
21
22

23

STAR Network -- CentralStation-to-Remote Station Link Budget

· Earth Station G/T dB/K 17.5 20.0 22.5 25.0 27.5 30.0
· XMTR Pwr. to Ant. dBW 12. 1 . 9.6 7.2 4.7 2.3 -0.1

W 16.2 9.1 5.2 3.0 1.7 1.0
· XMTR Ant. Gain (6 GHz) dB 54.5 54.5 54.5 54.5 54.5 54.5
· Uplink EIRP (6 GHz) dBW 66.6 64.1 61.7 59.2 56.8 54.4
· Misc. Uplink Losses dB 0.5 0.5 0.5 0.5 0.5 0.5

Uplink Prop. Loss dB 200.2 200.2 200.2 200.2 200.2 200.2· (a=200)

· Pwr. Flux Den. at Sat. dBW/m2 -96.8 -99.3 - 101. 7 -104.2 -106.6 -109.0
Multi-Carrier Operating dBW/m2 -84.0 -84.0 -84.0 -84.0 -84.0 -84.0Fl ux Dens i tv

· Boltzmann's Constant dBW/ K . -228.6 -228.6 -228.6 -228.6 -228.6 -228.6
· Sa te11 ite G/T dB/ K -18.6 -18.6 -18.6 -18.6 -18.6 -18.6
· Uplink Rec d. (/No dB-Hz 75.9 73.4 71.0 68.5 66.1 63.7

· Satellite System Galn dB 132.8 132.8 132.8 132.8 132.8 132.8
Sat. EIRP per Carrier dBW -1.3 -3.8 -6.2 -8.7 -11.1 -13.5· (4 GHz)

· Sat. Int. Pwr. dBW/Hz -76.-0 -76.0 -76.0 -T6.0 -76.0 -76.0
· Misc. Downlink Losses dB 0.5 0.5 O.b 0.0- 0.5 0.5

Downlink Prop. Loss dB 196.3 196.3 196.3 196.3 196.3 196.3
· (a-20°)
· RCV Ant. Gain dB ----------- ----------- --- See Figure 4 ------ -----------. ---------
· RCV Svs. Noise Temp. dB/ K ----------- ----------- --- See Flgure 4 ------ ----------- ---------
'I-I~!Jh Station G/T dB/ K 17.5 20.0 22.5 25.0 27.5 30.0
· Downlink Rec'd. C/No dB-Hz 48.0 48.0 48. , 48.1 48.2 48.3
1----- .

dB-Hz 74.2 71.7 69.3 66.8 64.4 62.0· Downl1nk Rec'd. C/I
· System C/No (Total) dB-Hz 48.0 48.0 48.0 48.0 48.0 48.0

· Required C/No dB-Hz 48.0 48.0 48.0 48.0 48.0 48.0.
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Table D-4. Link Budget for Required CINo = 51.0 dB-Hz for a MESH Network
using an INTELSAT Global Beam Coverage Satellite Resource

MESH Network -- Station-to-Station Link Budget

Earth Station G/T dB/K 17.5 20.0 22.5 25.0 27.5 30.0
· Antenna Diameter m 3.0 3.0 4.5 4.5 6.0 6.0 8.0 8.0 10.0
· XMTR Pwr. to Ant. dBW 26.4 23.9 20.4 18.0 15.5 13.0 10.5 8.1 3.8

W 436.5 245.5 109.6 63.1 35.5 20.0 11.2 6.5 2.4
· XMTR Ant. Gain (6 GHz) dB 43.2 43.2 46.7 46.7 49.2 49.2 51.7 5-'.7 53.6
· Uolink EIRP (6 GHz) dBW 69.6 67.1 64.7 62.2 59.8 57.4
· Misc. Uplink Losses dB 0.5 0.5 0.5 0.5 0.5 0.5

uPl1nk pr)p. Loss dB 200.2 200.2 200.2 200.2 200.2 200.2· a=20°
· Pwr. Flux Den. at Sat. dBW/m2 -93.8 -96.3 -98.7 -101.2 -103.6 -106.0

Multi-Carrier Operating dBW/m2 -84.0 -84.0 -84.0 -84.0 -84.0 -84.0Fl ux Dens itv
· Boltzmann's Constant dBW/K-Hz -228.6 -228.6 -228.6 -228.6 -228.6 -228.6
· Sa te 11 i te G/T dB/K -18.6 -18.6 -18.6 -18.6 -18.6 -18.6
· Uplink Rec'd. CINo dB-Hz 78.9 76.4 74.0 71.5 69.1 66.7
· Satellite SYstem Gain dB 132.8 IJZ.8 132.8 132.8 132.8 132.8

Sat. EIRP per Carrier dBW 1.7 -0.8 -3.2 -5.7 -8.1 -10.5· (4 GHz)
· Sat. Int. Power dBW/Hz -76.0 -76.0 -76.0 -76.0 -76.0 -76.0
, Misc. Downlink Losses dB 0.5 0.5 0.5 0.5 0.5 0.5

Downlink Prop. Loss dB 196.3 196.3 196.3 196.3 196.3 196.3· (a=200)
, RCV Ant. Gain dB ------- ------------- --- See Fiqure 4 ------- ---------- ---------
, RCV Svs. Noise Temp. dBI K ------- ------------- --- See Fiqure 4 ------- ---------- ---------
, Earth Station G/T dBI K 17.5 20.0 22.5 25.0 27.5 30.0
· Downlink Rec'd. CIN o dB-Hz 51.0 51.0 51.1 51.1 51.2 51.3
, Downlink Rec'd. CII dB-Hz 77 .2 74.7 72.3 69.8 67.4 65.0
· System CINo (Total) dB-Hz 51.0 51.0 51.0 51.0 / 51.0 51.0

, Required CINo dB-Hz 51.0 51.0 51.0 51.0 51.0 51.0
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Table 0-5. Link Budget for Required CINo = 51.0 dB-Hz for a STAR Network,
Remote Station-to-Central Station Link, using an INTELSAT Global
Beam Coverage Satellite Resource

STAR Network -- Remote Station-to-Central Station Link Budget

· Antenna Diameter m 3.0 4.5 6.0 8.0 10.0
· XMTR Pwr. to Ant: dBW 12.6 9.1 6.6 4.1 2.2

W 18.2 8.1 4.6 2.6 1.7
· XMTR Ant. Gain (6 GHz) dB 43.2 46.7 49.2 51.7 53.6
· Uplink EIRP (6 GHz) dBW 55":8
· Misc. Uplink Losses dB 0.5

Uplink Prop. Loss dB 200.2· (a=20o)'

· Pwr. Flux Den. at Sat. dBW/m2 -107.6
Multi-Carrier Operating dBW/m2 -84.0· Flux Density

· Boltzmann1s Constant dBWI K-Hz: -228.6
· Satell ite GIT dBI K -18.6
· Uplink Rec1d. CINo dB-Hz 65.1
· Satellite System Gain dB 132.8

Sat. EIRP per Carrier dBW -12.1
· (4 GHz)
· Sat. Int. Pwr. dB-Hz -76.0
· Misc. Downlink Losses dB 0.5

Downlink Prop. Loss dB 196. 3· (a=200)
· RCV Ant. Gain dB STD "B"
• RCV Sys. Noise Temp. dB/K -STD"B

Earth Station GIT dB/K 31. 7· (Std II B")
· Downlink Rec1d. CINo dB-Hz 51.4
· Downlink Rec'd. CII dB-Hz 61 4-
· System CINo (Total) dB-Hz 51.0

· Required CINo dB-Hz 51.0



Table 0-6. Link Budget for Required C/No = 51.0 dB-Hz for a STAR Network,
Central Station-to-Remote Station Link, using an INTELSAT Global
Beam Coverage Satellite Resource
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STAR Network -- Central Station-to-Remote Station Link Budget

· Earth Station G/T dB/K 17.5 20.0 22.5 25.0 27.5 30.0
· XMTR Pwr. to Ant. dBW 15. 1 12.6 10.2 7 7 5 3 2 9

W 32.4 18.2 10.5 5.9 34 1 9
· XMTR Ant. Gain (6 GHz) dB 54.5 54.5 54.5 54.5 54.5 54.5
· Upl ink EIRP (6 GHz) dBW 69.6 67.1 64.7 62.2 59.8 57,4
· Misc. Uplink Losses dB 0.5 0.5 0.5 0.5 0.5 0.5

Uplink Prop. Loss dB 200.2 200.2 200.2 200.2 200.2 200.2· (a=200)

· Pwr. Flux Den. at Sat. dBW/m2 -93.8 -96.3 -98.7 - 101 .2 -103.6 -106.0
Multi-Carrier Operating dBW/m2 -84.0 -84.0 -84.0 -84.0 -84.0 -84.0· Flux Density

· Boltzmann's Constant dBW/ K -228.6 -228.6 -228.6 -228.6 -228.b -228.6
· Sa te11 ite G/T dB/ K Ie$. b -I~.b -I~.b -18.6 -18.6 -18 ,~
· Uplink Rec d. C/No dB-Hz 78.9 76.4 74.0 71.5 69.1 66.7
· Satellite System Galn dB IjL.~ 132.8 132 .8 132.8 132.8 132.8

Sat. EIRP per Carrier dBW 1.7 -0.8 -3.2 -5.7 -8.1 -10.5· (4 GHz)
· Sat. Int. Pwr. dBW/Hz -76.0 -76.0 -/b.U -76.0 -/b.U -lb.U
· Misc. Downlink Losses dB 0.5 0.5 0.5 U.5 0.5 U.b

Downlink Prop. Loss dB 196.3 196.3 196.3 196.3 196.3 196.3
· (a-20°)
· RCV Ant. Gain. dB ---------- ----------- --- See Figure 4 ------ ----------- ---------
· RCV Sys. Noise Temp. dB/ K ---------- ----------- --- See rlgure 4 ------ ----------- ---------
· Earth Station G/T dB/ K 17.5 20.0 22.5 25.0 27.5 3U.U
, Downlink Rec'd. C/No dB-Hz 51.0 51.0 51. 1 51.1 51.2 51.3
.~link Rec'd. C/I dB-Hz 77 .2 74.7 72.3 69.8 67.4 65.0
· System C/No (Total) dB-Hz 51.0 51.0 51.0 51.0 51.0 51.0

, Required C/No dB-Hz 51.0 51.0 51.0 51.0 51.0 51.0.
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Table D-7. Link BUdget for Required CINo = 54.0 dB-Hz for a MESH Network
Using an INTElSAT Global Beam Coverage Satellite Resource

MESH Network -- Station-to-Station Link Budget

Earth Station GIT dB/K 17 .5 20.0 22.5 25.0 27.5 30.0
· Antenna Diameter m 3.0 3.0 4.5 4.5 6.0 6.0 8.0 8.0 10.0
· XMTR Pwr. to Ant. dBW 29.4 27.3 23.4 21.0 18.5 16.0 13.5 11.1 6.8

W 871.0 537.0 218.8 25.9 70.8 39.8 22.4 12.9 4.8
· XMTR Ant. Gain (6 GHz) dB 43.2 43.2 46.7 46.7 49.2 49.2 51.7 51. 7 53.6
· Uplink EIRP (6 GHz) dBW 72.6 7(,1 67.7 65.2 62.8 60.4
· Misc. Uplink Losses dB 0.5 0.5 0.5 0.5 0.5 0.5

Uplink Prop. Loss dB 200.2 200.2 200.2 200.2 200.2 200.2· (a=200)

· Pwr. Flux Den. at Sat. dBW/m2 -90.8 -93.3 -95.7 -98.2 -100.6 -103.0
Multi-Carrier Operating dBW/m2 -84.0 -84.0 -84.0 -84.0 -84.0 -84.0· Fl ux Dens i ty

· Boltzmann's Constant dBW/K-Hz -228.6 -228.6 -228.6 -228.6 -228.6 -228.6
· Sa te11 ite G/T dB/K -(S.b -18.6 -18.6 -18.6 -18.6 -18.6
· Uplink Rec'd. CINo dB-Hz 81.9 79.4 77 .0 74.5 72.1 69.7
· Satellite SYstem Gain dB 132.8 132.8 132.8 132.8 132.8 132.8

Sat. EIRP per Carrier dBW 4.7 2.2 -0.2 -2.7 -5.1 -7.5· (4 GHz)
· Sat. Int. Power dBW/Hz -76.0 -76.0 -76.0 -76.0 -76.0 -76.0
· Misc. Downlink Losses dB 0.5 0.5 0.5 0.5 0.5 0.5

Downlink Prop. Loss dB 196.3 196.3 196.3 196.3 196.3 196.3
· (a=200)
· RCV Ant. Gain d5 ------- ------------- --- See Fi qure 4 ------ ... ---------- ---------
· RCV S.vs. Noise Temp. dBI K ------- ------------- --- See Fiqure 4 ------- ---------- ---------
· Earth Station G/T dBI K 17.5 20.0 22.5 25.0 27.5 30.0
· Downlink Rec'd. CINo dB-Hz 54.0 54.0 54.1 54.1 54.2 54.3
· Downlink Rec'd. CII dB-Hz 80.2 77.7 75.3 72.8 70 4 hA 0

· System CINo (Total) dB-Hz 54.0 54.0 54.0 54.0 54.0 54.0

· Required CINo dB-Hz 54.0 54.0 54.0 54.0 54.0 54.0



Table 0-8. Link Budget for Required C/N = 54.0 dB-Hz for a STAR Network,
, 0

Remote Station-to-Central Station Link, Using an INTELSAT Global
Beam Coverage Satellite Resource

STAR Network -- Remote Station-to-Central Station Link Budget

Antenna Di ameter m 3.0 4.5 6.0 8.0 10.0
XMTR Pwr. to Ant. dBW 15.6 12. 1 9.6 7 1 5 2

W 36.3 16.2 9.1 5 1 3 3
XMTR Ant. Gain (6 GHz) dB 43.2 46.7 49.2 51. 7 53.6
Uplink EIRP (6 GHz) dBW 58':8
Misc. Uplink Losses dB 0.5
Uplink Prop. Loss dB 200.2(a=200)

· Pwr. Flux Den. at Sat. dBW/m2 -104.6
Multi-Carrier Operating dBW/m2 -84.0Flux Density
Boltzmann's Constant dBWI K-Hz -228.6
Sa te11 ite G/T dBI K -18.6

· Uplink Rec1d. CINo dB-Hz 68.1
· Satellite System Gain dB 132.8

Sat. EIRP per Carrier dBW -9.1(4 GHz)
, Sat. Int. Pwr. dB-Hz -/b.U
, Misc. Downlink Losses dB U.5

Downlink Prop. Loss dB 196.3, (a=200)
· RCV Ant. Gain dB STD "B
· RCV Sys. Noise Temp. dB/K STD "B

Earth Station G/T dB/K 31.7· (Std IIB II )
· Downlink Rec1d. CINo dB-Hz 54.5
· Downlink Rec1d. CII dB-Hz 66.4
· System CINo (Total) dB-Hz 54.0

· Required CINo dB-Hz ; 54.0I
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Table 0-9. Link BUdget for Required CINo = 54.0 dB-Hz for a STAR Network,
Central Station-to-Remote Station Link, Using an INTELSAT Global
Beam Coverage Satellite Resource

STAR Network -- Central Station-to-Remote Station Link Budget

· Earth Station G/T dB/K 17.5 20.0 22.5 25.0 27.5 30.0
· XMTR Pwr. to Ant. dBW 18.1 . 15.6 13.2 10.7 8.3 5 9

W 64.6 36.3 20.9 11.7 6.8 3.9
· XMTR Ant. Gain (6 GHz) dB 54.5 54.5 54.5 54.5 54.5 54.5
· Uplink EIRP (6 GHz) dBW 72.6 70.1 67.7 65.2 62.8 60.4
· Misc. Uplink Losses dB 0.5 0.5 0.5 0.5 0.5 0.5

Uplink Prop. Loss dB 200.2 200.2 200.2 200.2 200.2 200.2· (a=200)

· Pwr. Flux Den. at Sat. dBW/m2 -90.8 -93.3 -95.7 -98.2 -100.6 -1030
Multi-Carrier Operating dBW/m2 -84.0 -84.0 -84.0 -84.0 -84.0 -84.0Fl ux Dens i tv

· Boltzmann's Constant dBWI K -228.6 -228.6 -228.6 -228.6 -228.6 -228.6
· Sa te11 ite G/T dBI K -18.6 -18.6 -18.6 -18.6 -lR n _1.Q h

· Uplink Rec'd. (/N o dB-Hz 81.9 79.4 77 .0 74.5 72 .1 69.7
· Satellite System Gain dB 132.8 132.8 132.8 132.8 132.R , 1? A

Sat. EIRP per Carrier dBW 4.7 2.2 -0.2 -2.7 -5.1 -7.5· (4 GHz)
· Sat. Int. Pwr. dBW!Hz -76.0 -76.0 -76.U -76.0 -7b.U -70.D
· Misc. DownlinK Losses dB 0.5 lL 5 0.5 -0.5 0.5 0.5

Downlink Prop. Loss dB 196.3 196.3 196.3 196.3 196.3 196.3
· (a 20°)
· RCV Ant. Gain dB ----------- --- See Figure 4 ------ -----------. -------------------
· RCV Svs. Noise Temp. dB! K ----------- ----------- --- See F1gure 4 ------ ----------- ---------
· Earth Station G/T dB! K 17 .5 20.0 22.5 25.0 27.5 30.0
, Downlink Rec'd. CINo dB-Hz 54.0 54.0 54.1 54.1 54.2 54.3
· Downlink Rec'd. CII dB-Hz 80.2 77 .7 75.3 72.8 70.4 68.0
· System CINa (Total) dB-Hz 54.0 54.0 54.0 54.0 54.0 54.0

, Required CINo dB-Hz 54.0 54.0 54.0 54.0 54.0 54.0,
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Table D-10. Link Budget for Required C/No = 57.0 dB-Hz for a MESH Network
Using an INTELSAT Global Beam Coverage Satellite Resource

MESH Network -- Station-to-Station Link Budget

Earth Station G/T dB/K 17.5 20.0 22.5 25.0 27.5 30.0
· Antenna Diameter m 3.0 3.0 4.5 4.5 6.0 6.0 8.0 8.0 10.0
· XMTR Pwr. to Ant. dBW 32.4 29.9 26.4 L4.U Ll.O l~.U Ib.t> 14.1 g.~

W 173/.0 1977 .( 1436.5 ~51 .2 141 .3 79.4 44.7 (t>./ ~.5

· XMTR Ant. Gain (6 GHz) dB 43.2 43.2 46.7 46.7 49.2 49.2 51.7 51. 7 53.6
· Uplink EIRP (6 GHz) dBW 75.6 73.1 70.7 68.2 65.8 63.4
· Misc. Uplink Losses dB 0.5 0.5 0.5 0.5 0.5 0.5

Uplink Prop. Loss dB 200.2 200.2 200.2 200.2 200.2 200.2· (a=200)

· Pwr. Flux Den. at Sat. dBW/m2 -87.8 -90.3 -92.7 -95.2 -97.6 -100.0
Multi-Carrier Operating dBW/m2 -84.0 -84.0 -84.0 -84.0 -84.0 -84.0· Flux Density ,

· Boltzmann's Constant dBW/K-Hz -228.6 -228.6 -228.6 -228.6 -228.6 -228.6
· Satell ite G/T dB/K -18.6 -18.6 -18.6 -18.6 -18.6 -18.6
· Uplink Rec'd. C/No dB-Hz 84.9 82.4 80.0 77 .5 75.1 72.7
· Satellite SYstem Gain dB 132.8 132.8 132.8 132.8 132.8 132.8

Sat. EIRP per Carrier dBW 7.7 5.2 2.8 0.3 -2.1 "'"4.5· (4 GHz)
· Sat. Int. Power dBW/Hz -76.0 -76.0 -76.0 -76.0 -76.0 -76.0
· Misc. Downlink Losses dB 0.5 0.5 0.5 0.5 0.5 0.5

Downlink Prop. Loss dB 196.3 196.3 196.3 196.3 196.3 196.3· (a=200)
· RCV Ant. Gain dB ------- ------------- --- See Fiqure 4 ------- ---------- ---------
· RCV Sys. Noise Temp. dBI K ------- ------------- --- See Figure 4 -------. ---------- ---------
· Earth Station G/T dBI K 17.5 20.0 22.5 25.0 27.5 30.0
· Downlink Rec'd. C/No dB-Hz 57.0 57.0 57.1 57.1 57.2 57.3
· Downlink Rec'd. C/I dB-Hz 83.2 HO.7 78.3 75.8 73.4 71 .0
· System C/No (Total) dB-Hz 57.0 57.0 57.0 57.0 57.0 57.0

· Required C/No dB-Hz 57.0 57.0 57.0 57.0 57.0 57.0



1
2
3

4
5

6

7
8

9
10
11

0:> 12O"l

13
14
15
16

17
18

19
20

21
22

23

Table D-ll. Link Budget for Required CIN o = 57.0 dB-Hz for a STAR Network,
Remote Station-to-Central Station Link, Using an INTELSAT Global
Beam Coverage Satellite Resource

STAR Network -- Remote Station-to-Central Station Link Budget

· Antenna Diameter m 3.0 4.5 6.0 8.0 10.0
· XMTR Pwr. to Ant: dBW 18.6 15. 1 12.6 10.1 8.2

W 72.4 32.4 18.2 10 2 h h
· XMTR Ant. Gain (6 GHz) dB 43.2 46.7 49.2 51.7 53.6
· Uplink EIRP (6 GHz) dBW 61' .8
· Misc. Uplink Losses dB 0.5

UPli(k pro). Loss dB 200.2· a=20°

· Pwr. Flux Den. at Sat. dBW/m2 -101.6
Multi-Carrier Operating dBW/m2 -84.0· Flux Density

· Boltzmann's Constant dBWI K-Hz -22TL6
· Satell ite G/T dBI K· -18.6
· Uplink Rec'd. CINo dB-Hz 71 .1
· Satellite System Gain dB , 32.8

Sat. EIRP per Carrier dBW -6.1
· (4 GHz)
· Sat. Int. Pwr. dB-Hz -76.0
· Misc. Downlink Losses dB 0.5

Downlink Prop. Loss dB 196.3· .(a=200)
· ReV Ant. Gain dB STD "B
• RCV Sys. Noise Temp. dB/K STD "B"

Earth Station G/T dB/K 31.7· (Std IIB II )
· Downlink Rec'd. CINo dB-Hz h,7 h,

· Downlink Rec'd. CII dB-Hz 69.4
· System CINo (Total) dB-Hz 57.0

· Required CINo dB-Hz 57.0
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Table D-12. Link Budget for Required C/No = 57.0 dB-Hz for a STAR Network,
Central Station-to-Remote Station Link, Using an INTELSAT Global
Beam Coverage Satellite Resource

STAR Network -- Central Station-to-Remote Station Link Budget

· Earth Station G/T dB/K 17.5 20.0 22.5 25.0 27.5 30.0
· XMTR Pwr. to Ant. dBW 21.1 . 18.6 16.2 13.7 113 8.9

W 128.8 72.4 41.7 23.4 13.5 7.8
· XMTR Ant. Gain (6 GHz) dB 54.5 54.5 54.5 54.5 54.5 54.5
· Uplink EIRP (6 GHz) dBW 75.6 73.1 70.7 68.2 65.8 63.4
· Misc. Uplink Losses dB 0.5 0.5 0.5 0.5 0.5 0.5

Uplink Prop. Loss dB 200.2 200.2 200.2 200.2 200.2 200.2· (a=200)

· Pwr. Flux Den. at Sat. dBW/m2 -87.8 -90.3 -92.7 ':'95.2 -97.6 -100.0
Multi-Carrier Operating dBW/m2 -84.0 -84.0 -84.0 -84.0 -84.0 -84.0· Fl ux Dens i tv

· Boltzmann1s Constant dBWI K -228.6 -228.6 -228.6 -228.6 -228.6 -228.6
· Sa te11 ite G/T dBI K -I/:Lb - H.Lb -18.6 -18.6 -18.6 -18.6
· Uplink Rec d. C/No dB-Hz 84.9 82.4 80.0 77 .5 75.1 72.7
· Satel1ite System Galn dB 132.8 132.8 132.8 132.8 132.8 132.8

Sat. EIRP per Carrier dBW 7.7 5.2 2.8 0.3 -2.1 -4.5· (4 GHz)
· Sat. In t . Pwr. dBW/Hz -76.0 -/6.0 -76.0 -76:U -76.0 -76.0
· Misc. Downlink Losses dB 0.5 0.5 0.5 0.5 0.5 0.5

Dow(link Prop. Loss dB 196.3 196.3 196.3 196.3 196.3 196.3
· a-20°)
· RCV Ant. Gain. dB ---------- ----------- --- See Figure 4 ------ ----------- ---------
· RCV Svs. Noise Temp. dB/ K ----------- ----------- --- See Fl gure 4 ------ ----------- ---------
· Earth Station G/T dBI K 17.5 20.0 22.5 25.0 27.5 30.0
· Downlink Rec1d. C/No dB-Hz 57.0 57.0 57.1 57.1 57.2 57.3
· Downlink Rec1d. C/I dB-Hz 83.2 80.7 78.3 75.8 73.4 71 .0
· System C/No (Total) dB-Hz 57.0 57.0 57.0 57.0 57.0 57.0

· Required C/No dB-Hz 57.0 57.0 57.0 57.0 57.0 57.0.
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Table 0-13. Link Budget for Required C/No = 48.0 dB-Hz for a MESH Network
Using an INTELSAT Hemispheric Beam Coverage Satellite Resource

MESH Network -- Station-to-Station Link Budget

Earth Station G/T dB/K 17.5 20.0 22.5 25.0 27.5 30.0
· Antenna Diameter m 3.0 3.0 4.5 4.5 6.0 6.0 8.0 8.0 10.0
· XMTR Pwr. to Ant. dBW 20.4 17.9 14.4 11.9 9.4 7.0 4.5 2.0 -2.3

W 109.6 61. 7 27.5 15.5 8.7 5.0 2.8 1.6 0.6
· XMTR Ant. Gain (6 GHz) dB . 43.2 43.2 46.7 46.7 49.2 49.2 ,51.7 51. 7 53.6
· Uplink EIRP (6 GHz) dBW 63.6 61.1 58.6 56.2 oj.7 51.3
· Misc. Uplink Losses dB 0.5 0.5 0.5 0.5 0.5 0.5

Uplink Prop. Loss dB 200.2 200.2 200.2 200.2 200.2 200.2· (a=200) .

· Pwr. Flux Den. at Sat. dBW/m2 -99.8 -102.3 -104.8 -107.2 -109.7 -112.1
Multi-Carrier Operating dBW/m2 -84.5 -84.5 -84.5 -84.5 -84.5 -84.5

Flux Densitv
· Boltzmann1s Constant dBW/K-Hz -228.6 -228.6 -228.6 -228.6 -228.6 -228.6
· Sa te11 i te G/T dB/K -11 .6 -11.0· -11.6 -11.6 -11.6 -11 .6
· Uplink Rec1d. C/No dB-Hz 79.9 77 .4 74.9 72.5 70.0 67.6
· Satellite SYstem Gain dB 135. C$ 135.8 135.8 Ijo.C$ Ijo.e 135 8

Sat. EIRP per Carrier dBW -1.3 -3.8 -6.3 -8.7 -11 .2 -13.6
· (4 GHz)
· Sat. Int. Power dBW/Hz -76.0 -76.0 -76.0 -76.0 -76.0 -76.0
· Misc. Downlink Losses dB 0.5 0.5 0.5 0.5 0.5 0.5

Downlink Prop. Loss dB 196.3 196.3 196.3 196.3 196.3 196.3· (a=200)
· RCV Ant. Gain dB ------- ------------- --- See Figure 4 -------- ---------- ---------
· RCV Sys. Noise Temp. dB/ K ------- ------------- --- See Figure 4 ------- ---------- ---------
· Earth Station G/T dB/ K 17.5 20.0 22.5 25.0 27.5 30.0
· Downlink Rec1d. C/No dB-Hz 48.0 48.0 48.0 48.1 48.1 48.2
· Downlink Rec'd. C/I dB-Hz 74.2 71. 7 69.2 bb.e b4.3 b I.~

· System C/No (Total) dB-Hz 48.0 48.0 48.0 48.0 48.0 48.0

· Required C/No dB-Hz 48.0 48.0 48.0 48.0 48.0 48.0
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Table D-14. Link Budg~t for Required GINo = 48.0 dB-Hz for a STAR Network,
Remote Station-to-Central Station Link, Using an INTELSAT
Hemispheric Beam Coverage Satellite Resource

STAR Network -- Remote Station-to-Central Station Link Budget

· Antenna Diameter m 3.0 4.5 6.0 8.0 10.0
· XMTR Pwr. to Ant. dBW 6.5 3.0 0.5 -2.0 -3.9

W 4.5 2.0 1.1 0.6 0.4
· XMTR Ant. Gain (6 GHz) dB 43.2 46.7 49.2 51.7 53.6
· Uplink EIRP (6 GHz) dBW 49.7
· Misc. Uplink Losses dB 0.5

Uplink Prop. Loss dB 200.2· (a=20o)

· Pwr. Flux Den. at Sat. dBW/m2 -113.7
Multi-Carrier Operating dBW/m2

-84... 5· Fl ux Dens ity
· Boltzmann's Constant dBWI K-Hz -228.6
· Sa te11 ite G/T dBI K -ll. 6
· Uplink Rec'd. CINo dB-Hz 66.0
· Satellite System Gain dB 135.8

Sat. EIRP per Carrier dBW -15.2(4 GHz)
· Sat. Int. Pwr. dB-Hz -76.0
· Misc. Downlink Losses dB 0.5

Downlink Prop. Loss dB 196.3· (a=200)
· RCV Ant. Ga i n dB STD ']
• RCV Sys. Noise Temp. dB/K STU 'B"

Earth Station G/T dB/K 31.7· (Std "B")
· Downlink Rec'd. CINo dB-Hz 48.3
· Downlink Rec'd. CII dB-Hz 60.3
· System CINo (Total) dB-Hz 48.0

· Required CINo dB-Hz 48.0
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Table D-15. Link Budget for Required CINo = 48.0 dB-Hz for a STAR Network,
Central Station-to-Remote Station Link, Using an INTELSAT
Hemispheric Beam Coverage Satellite Resource

STAR Network -- Central Station-to-Remote Station Link Budget

· Earth Station G/T dB/K 17.5 20.0 22.5 25.0 27.5 30.0
· XMTR Pwr. to Ant. : dBW g. 1 6.6 4 1 1 7 -0.8 -3.2

W 8.1 4.6 2.6 1.5 0.8 0.5
· XMTR Ant. Gain (6 GHz) dB 54.5 54.5 54.5 54.5 54.5 54.5
· Up1 ink EIRP (6 GHz) I dBW 63.6 bl.l 58.6 56.~ 53.7 51.3
· Misc. Uplink Losses i dB 0.5 0.5 0.5 0.5 0.5 0.5

Uplink Prop. Loss dB 200.2 200.2 200.2 200.2 200.2 200.2· (a=200)

· Pwr. Flux Den. at Sat. dBW/m2 -99.8 -102.3 -104.8 -107.2 -109.7 -112.1
Multi-Carrier Operating dBW/m2 -84.5 -84.5 -84.5 -84.5 -84.5 -84.5Flux Densitv

· Boltzmann's Constant dBWI K -228.6 -228.6 -228.6 -228.6 -228.6 -228.6
· Sa te 11 ite G/T dBI K -11.b -11.6 -11 .6 -11.6 -11 h -11 h
· Uplink Rec d. C/No dB-Hz 79.9 77 .4 74.9 72.5 70.0 67.6
· Satellite System Galn dB 135.8 135.8 135.8 135.8 135.8 135.8

Sat. EIRP per Carrier dBW -1.3 -3.8 -6.3 -8.7 . -11.2 -13.6· (4 GHz)
· Sat. Int. Pwr. dBW/Hz -76.0 -76.0 -76.0 -76.0 -76.U -76.0
· Mi sc. Down1i nk- Losses dB 0.5 U.5 0.5 0.0 0.5 U.5

Downlink Prop. Loss dB 196.3 196.3 196.3 196.3 196.3 196.3
· (a-20°)
· RCV Ant. Gain dB ----------- ----------- --- See Figure 4 ------ -----------. ---------
· RCV Svs. Noise Temp. dB/ K ----------- ----------- --- See Flgure 4 ------ ----------- ---------
· Earth Station G/T dB/ K 17.5 20.0 22.5 25.0 27.5 30.0
· Downlink Rec'd. CINo dB-Hz 48.0 48.0 48.0 48.1 48.1 48.2
.~link Rec'd. CII dB-Hz 74.2 71.7 69.~ 66.8 6zt.3 61.9
· System CINo (Total) dB-Hz 48.0 48.0 48.0 48.0 48.0 48.0

· Required CINo dB-Hz 48.0 48.0 48.0 48.0 48.0 48.0,
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Table 0-16. Link BUdget for Required C/No = 51.0 dB-Hz for a MESH Network
Using an INTELSAT Hemispheric Beam Coverage Satellite Resource

MESH Network -- Station-to-Station Link Budget

Earth Station G/T dB/K 17.5 20.0 22.5 25.0 27.5 30.0
· Antenna Diameter m 3.0 3.0 4.5 4.5 6.0 6.0 8.0 8.0 10.0
· XMTR Pwr. to Ant. dBW 23.4 20.9 17.4 14.9 12.4 10.0 7.5 5.0 0.7

W 218.8 123.0 55.0 30.9 17.4 10.0 5.6 3.2 1.2
· XMTR Ant. Gain (6 GHz) dB 43.2 43.2 46.7 46.7 49.2 49.2 51.7 51. 7 53.6
· Uplink EIRP (6 GHz) dBW 66.6 64.1 61.6 59.2 56.7 54.3
· Misc. Uplink Losses dB 0.5 0.5 0.5 0.5 0.5 0.5

Uplink Prop. Loss dB 200.2 200.2 200.2 200.2 200.2 200.2· (a=200)

· Pwr. Flux Den. at Sat. dBW/m2 -96.8 -99.3 -101. 8 -104.2 -106.7 -109.1
Multi-Carrier Operating dBW/m2

-84.5 -84.5 -84.5 -84.5 -84.5 -84.5· Flux Density
· Boltzmann's Constant dBW/K-Hz -228.6 -228.6 -228.6 -228.6 -228.6 -228.6
· Sate" ite G/T dB/K -11.6 -1 .0 -11.b -11 .6 -11 .6 -11.6
· Uplink Rec'd. C/No dB-Hz 82.9 80.4 77 .9 75.5 73.0 70.6
· Satellite System Gain dB 135.8 135.8 13b.~ 135.8 13b.~ (::SO.ts

Sat. EIRP per Carrier dBW 1.7 -0.8 -3.3 -5.7 -8.2 -10.6· (4 GHz)
· Sat. Int. Power dBW/Hz -76.0 -76.0 -76.0 -76.0 -76.0 -76.0
· Misc. Downlink Losses dB 0.5 0.5 0.5 0.5 0.5 0.5

Downlink Prop. Loss dB 196.3 196.3 196.3 196.3 196.3 196.3· (a=200)
· RCV Ant. Gain dB ------- ------------- --- See Fiqure 4 ------- ---------- ---------
· RCV Sys. Noise Temp. dBI K ------- ------------- --- See Figure 4 ------- ---------- ---------
· Earth Station G/T dBI K 17.5 20.0 22.5 25.0 27.5 30.0
· Downlink Rec'd. C/No dB-Hz 51.0 51.0 51.0 51.1 51.1 51.2
· Downlink Rec'd. C/I dB-Hz 1/ . c. IlL I n..'t. Ol;#.~ b/.J O'l-.l;#

· System C/No (Total) dB-Hz 51.0 51.0 51.0 51.0 51.0 51.0

· Required C/No dB-Hz 51.0 51.0 51.0 51.0 51.0 51.0



Table 0-17. Link Budget for Required C/No = 51.0 dB-Hz for a STAR Network,
Remote Station-to-Central Station Link, Using an INTELSAT
Hemispheric Beam Coverage Satellite Resource
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STAR Network -- Remote Station-to-Central Station Link Budget

· Antenna Diameter m 3.0 4.5 6.0 8.0 10.0
· XMTR Pwr. to Ant: dBW 9.5 6.0 3.5 1.0 -0.9

W 8.9 4.0 2.2 1.3 -0-.8
· XMTR Ant. Gain (6 GHz) dB 43.2 46.7 49.2 51.7 53.6
· Uplink EIRP (6 GHz) dBW 52".7
· Misc. Uplink Losses dB 0.5

Uplink pro). Loss dB 200.2· (a=20°

· Pwr. Flux Den. at Sat. dBW/m2 -110.7
Multi-Carrier Operating dBW/m2 -84.5Flux Density

· Boltzmann's Constant dBW/ K-Hz -228.6
· Sa te11 ite G/T dB/ K -11 .-0
· Uplink Rec'd. C/No dB-Hz 69.0
· Satellite System Gain dB IJo.~

Sat. EIRP per Carrier dBW -12.2
· (4 GHz)
· Sat. Int. Pwr. dB-Hz -76.--0
· Misc. Downlink Losses dB 0.5

Downlink ~)oP. Loss dB 196.3· a=20°
· RCV Ant. Gain dB STD IIB II
· RCV Sys. Noise Temp. dB/R STn 'B lI

Earth Station G/T dB/K 31.7· (Std IIB II )
· Downlink Rec'd. C/No dB-Hz 51.3

· Downlink Rec'd. C/I dB-Hz 63.3
· System C/No (Total) dB-Hz 51.0

· Required C/No dB-Hz 51.0
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Table D-18. Link Budget for Required CINo = 51.0 dB-Hz for a STAR Network,
Central Station-to-Remote Station Link, Using an INTELSAT
Hemispheric Beam Coverage Satellite Resource

STAR Network -- Central Station-to-Remote Station Link Budget

· Earth Station GIT dB/K 17.5 20.0 22.5 25.0 27.5 30.0
· XMTR Pwr. to Ant. dBW 1? 1 9.6 7.1 4.7 2.2 -0.2

W 16.2 9.1 5.1 3.0 1.7 1.0
· XMTR Ant. Gain (6 GHzl dB 54.5 54.5 54.5 54.5 54.5 54.5
· Uplink EIRP (6 GHz) dBW bb.b btL I b I.b O~.t:: 56.7 54.3
, Misc. Uplink Losses dB 0.5 0.5 0.5 0.5 0.5 0.5

Uplink Prop. Loss dB 200.2 200.2 200.2 200.2 200.2 200.2' (a=200)

, Pwr. Flux Den. at Sat. dBW/m2 -96.8 -99.3 -101.8 -104.2 -106.7 -109.1
Multi-Carrier Operating dBW/m2 -84.5 -84.5 -84.5 -84.5 -84.5 -84.5

F1 ux Dens i ty
· Boltzmann's Constant dBWI K -228.6 -228.6 -228.6 -228.6 -228.6 -228.6
· Sate11 ite G/T dBI K -11.6 -11.6 -11.6 -11 .6 -11.6 -11.6
· Uplink Rec d. CINo dB-Hz 82.9 80.4 77 .9 75.5 73.0 70.6
· Satellite System Gain dB 135.8 135.8 135.8 135.8 135.8 135.8

Sat. EIRP per Carrier dBW 1.7 -0.8 -3.3 -5.7 -8.2 -10.6· (4 GHz)
, Sat. Int. Pwr. dBW/Hz -76.0 -76.0 -J6.U -76.U -/b.U -76.U
· Misc. Downlink Losses dB 0.5 0.5 O.b 0.5 O.b U.b

Downlink Prop. Loss dB 196.3 196.3 196.3 196.3 196.3 196.3(a...;200)
· RCV Ant. Gain. dB ----------- ----------- --- See Figure 4 ------ ------------ ---------
, RCV Svs. Noise Temp. dBI K ----------- ----------- --- See Flgure 4 ------ ----------- ---------
, Earth Station Gil dB/ K 17.5 20.0 22.5 25.0 Z7.5 3U.U
. Downlink Rec'd. CINo dB-Hz 51.0 51.0 51.0 51.1 51.1 51.2
. Downlink Rec'd. CII dB-Hz 77 .2 74.7 72.2 69.8 67.3 blJ..Y
, System CINo (Total) dB-Hz 51.0 51.0 51.0 51.0 51.0 51.0

. Required CINo dB-Hz 51.0 51.0 51.0 51.0 51.0 51.0,
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Table 0-19. Link Budget for Required C/N = 54.0 dB-Hz for a MESH Networko
Using an INTELSAT Hemispheric Beam Coverage Satellite Resource

MESH Network -- Station-to-Station Link Budget

Earth Station G/T dB/K 17.5 20.0 22.5 25.0 27.5 30.0
· Antenna Diameter m 3.0 3.0 4.5 4.5 6.0 6.0 8.0 8.0 10.0
· XMTR Pwr. to Ant. dBW 26.4 23.9 20.4 17.9 15.4 13.0 10.5 8.0 3.7

W 436.5 245.5 109.6 61.7 34.7 20.0 " .2 6.3 2.3
· XMTR Ant. Gain (6 GHz) dB 43.2 43.2 46.7 46.7 49.2 49.2 51.7 51.7 53.6
· Uplink EIRP (6 GHz) dBW 69.6 67.1 64.6 62.2 59.7 57.3
· Misc. Uplink Losses dB 0.5 0.5 0.5 0.5 0.5 0.5

Uplink Prop. Loss dB 200.2 200.2 200.2 200.2 200.2 200.2· (0'.=20°)

· Pwr. Flux Den. at Sat. dBW/m2 -93.8 -96.3 -98.8 - 101 .2 -103.7 -106.1
Multi-Carrier Operating dBW/m2 -84.5 -84.5 -84.5 -84.5 -84.5 -84.5Fl ux Dens itv

· Boltzmann's Constant dBW/K-Hz -228.6 -228.6 -228.6 -228.6 -228.6 -228.6
, Sate11 ite G/T dB/K -11 .6 -1 .6 -11.6 -" .6 -" .6 -" .6· Uplink Rec'd. C/No dB-Hz 85.9 83.4 80.9 78.5 76.0 73.6
· Satellite System Gain dB 135.8 135.8 135.8 135.8 135.8 135.8

sate EIRP per Carrier dBW 4.7 2.2 -0.3 -2.7 -5.2 -7.6· 4 GHz)
· Sat. Int. Power dBW/Hz -76.0 -76.0 -76.0 -76.0 -76.0 -76.0
, Misc. Downlink Losses dB 0.5 0.5 0.5 0.5 0.5 0.5

Downlink Prop. Loss dB 196.3 196.3 196.3 196.3 196.3 196.3, (0'.=20°)
, RCV Ant. Gain dB ------- ------------- --- See Fiqure 4 ------- ---------- ---------
, RCV Svs. Noise Temp. dBI K ------- ------------- --- See Fiqure 4 ------- ---------- ---------
, Earth Station G/T dBI K 17.5 20.0 22.5 25.0 27.5 30.0
, Downlink Rec'd. C/No dB-Hz 54.0 54.0 54.0 54.1 54.1 54.2
, Downlink Rec1d. C/I dB-Hz tlu.~ 11.1 10.2- I~.}j 70.3 b/.':J

, System C/No (Total) dB-Hz 54.0 54.0 54.0 54.0 54.0 54.0

, Required C/No dB-Hz 54.0 54.0 54.0 54.0 54.0 54.0
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Table D-20. Link BUdget for Required C/No = 54.0 dB-Hz for a STAR Network,
Remote Station-to-Central Station Link, Using an INTELSAT
Hemispheric Beam Coverage Satellite Resource

STAR Network -- Remote Station-to-Central Station Link Budg~~

· Antenna Diameter m 3.0 4.5 6.0 8.0 10.0
· XMTR Pwr. to Ant. dBW 12.5 9.0 6.5 4.0 2.1

W 17.8 7.9 4.5 2.5 1.6
· XMTR Ant. Gain (6 GHz) dB 43.2 46.7 49.2 51. 7 53.6
· Uplink EIRP (6 GHz) dBW 55. 7
· Misc. Uplink Losses dB 0.5

Uplink Prop. Loss dB 200.2· (a=200)

· Pwr. Flux Den. at Sat. dBW/m2 -107.7
Multi-Carrier Operating dBW/m2 -84.5Flux Densitv

· Boltzmann's Constant dBWI K-Hz -22ff.6
· Satellite G/T dBI K -1\..0
· Uplink Rec'd. C/No dB-Hz 72 .0
· Satellite SYstem Gain dB 135.8

Sat. EIRP per Carrier dBW -9.2· (4 GHz)
· Sat. Int. Pwr. dB-Hz -76.0
· Misc. Downlink Losses dB 0.5

Downlink Prop. Loss dB 196.3· (a=200)
· RCV Ant. Gain dB STD'13·
• RCV Sys. Noise Temp. dB/K SIU "B

Earth Station G/T dB/K 31.7. (Std "B")
· Downlink Rec'd. CIN o dB-Hz 54.3
· Downlink Rec'd. CII dB-Hz 66.3
· System C/No ~(Total) dB-Hz 54.0
~. - ~

-----· Required C/No dB-Hz 54.0
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Table 0-21. Link Budget for Required C/No = 54.0 dB-Hz for a STAR Network,
Central Station-to-Remote Station Link, Using an INTELSAT
Hemispheric Beam Coverage Satellite Resource

STAR Network -- Central Station-to-Remote Station Link Budget

· Earth Station G/T dB/K 17.5 20.0 22.5 25.0 27.5 30.0
· XMTR Pwr. to Ant. dBW 15.1 . 12.6 10.1 7.7 5.2 2.8

W 3/.4 lH / 10,2 5.9 3.3 1 9
· XMTR Ant. Gain (6 GHz) dB 54.5 54.5 54.5 54.5 54.5 54.5
· Uplink EIRP (6 GHz) dBW 69.6 67.1 64.6 62.2 59.7 O/.J
· Misc. Uplink Losses dB 0.5 0.5 0.5 0.5 0.5 0.5

Uplink Prop. Loss dB 200.2 200.2 200.2 200.2 200.2 200.2· (a=200)

· Pwr. Flux Den. at Sat. dBW/m2 -93.8 -96.3 -98.8 -101,2 -103.7 -106. 1
Multi-Carrier Operating dBW/m2 -84.5 -84.5 -84.5 -84.5 -84.5 -84.5· Fl ux Dens i tv

· Boltzmann's Constant dBW/ K -228.6 -228.6 -228.6 -228.6 -2,8.6 -228.6
· Satell ite G/T dB/ K -11.6 -11.6 -11 .6 -" .6 -11.6 -11.6
· Uplink Rec d. CINo dB-Hz 85.9 83.4 80.9 78.5 76.0 73.6
· Satellite System Gain dB 135.8 135.8 135.8 135.8 135.H Ijo./j

Sat. EIRP per Carrier dBW 4.7 2.2 -0.3 -2.7 -5.2 -7.6· (4 GHz)
· Sat. Int. Pwr. dBW/Hz -76.0 -76.0 -/b.U -76.0 -/b.U -76.U
· Misc. Downlink Losses dB 0.5 0.5 O.b 0.5 O.b 0.5

Downlink Prop. Loss dB 196.3 196.3 196.3 196.3 196.3 196.3· (a=200)
· RCV Ant. Gain dB ----------- ----------- --- See Figure 4 ------ -----------. ---------
· RCV Svs. Noise Temp. dB/ K ----------- ----------- --- See F1 gure-4 ------ ----------- ---------
· Earth Station GIT -dB! k 17.5 20.0 22.5 25.0 27.5 3U.U
· Downlink Rec'd. C/No dB-Hz 54.0 54.0 54.0 54.1 54.1 54.2
.~link Rec'd. C/I dB-Hz 80.2 77.7 75.2 72.8 70.3 67.9
· System C/No (Total) dB-Hz 54.0 54.0 54.0 54.0 54.0 54.0

· Required C/No dB-Hz 54.0 54.0 54.0 54.0 54.0 54.0. --



1

2
3
4
5

6

7
8
9

10
11

1.0
-.....J 12

13
14
15
16
17
18
19
20
21
22

23

Table 0-22. Link Budget for Required CINo = 57.0 dB-Hz for a MESH Network
Using an INTELSAT Hemispheric Beam Coverage Satellite Resource

MESH Network -- Station-to-Station Link Budget

Earth Station G/T dB/K 17.5 20.0 22.5 25.0 27.5 30.0
· Antenna Diameter m 3.0 3.0 4.5 4.5 6.0 6.0 8.0 8.0 10.0
· XMTR Pwr. to Ant. dBW 29.4 ?h q ?3 4 ?O 9 18.4 16.0 13.5 11.0 6.7

W 871.0 489.8 218.8 123.0 69.2 39.8 22.4 12.6 4 7
· XMTR Ant. Gain (6 GHz) dB 43.2 43.2 46.7 46.7 49.2 49.2 51.7 51.7 53.6
· Uplink EIRP (6 GHz) dBW Ft. .b /( . I 6/.6 65.2 07.7 60.~

· Misc. Uplink Losses dB 0.5 0.5 0.5 0.5 0.5 0.5
Uplink Prop. Loss dB 200.2 200.2 200.2 200.2 200.2 200.2· (0.=20°)

· Pwr. Flux Den. at Sat. dBW/m2 -90.8 -93.3 -95.8 -98.2 -100.7 -103. 1
Multi-Carrier Operating dBW/m2 -84.5 -84.5 -84.5 -84.5 -84.5 -84.5Fl ux Dens itv

· Boltzmann's Constant dBW/K-Hz -228.6 -228.6 -228.6 -228.6 -228.6 -228.6
· Sa te 11 ite G/T dB/K -11 .6 -11. 6 -11 .6 -11.6 -11.6 -11.6
· Uplink Rec'd. CINo dB-Hz 88.9 86.4 83.9 81.5 79.0 76.6
· Satellite System Gain dB 135.8 135.8 135.8 135.8 135.8 135.8

Sat. EIRP per Carrier dBW .., .., 5.2 2.7 0.3 -2.2 -4.6· (4 GHz) I • I

· Sat. Int. Power dBWIHz -76.0 -76.0 -76.0 -76.0 -76.0 -76.0
· Misc. Downlink Losses dB 0.5 0.5 0.5 0.5 0.5 0.5

Downlink Prop. Loss dB 196.3 196.3 196.3 196.3 196.3 196.3· (0.=20°)
· RCV Ant. Gain dB ------- ------------- --- See Fiqure 4 ------- ---------- ---------
· RCV Svs. Noise Temp. dBI K -------- ------------- --- See Fiqure 4 ------- ---------- ---------
· Earth Station G/T dBI K 17.5 20.0 22.5 25.0 27.5 30.0
· Downlink Rec'd. CINo dB-Hz 57.0 57.0 57.0 57.1 57.1 57.2
· Downlink Rec'd. CII dB-Hz 83.2 80.7 78.2 75.8 73.3 70.9
· System CINo (Total) dB-Hz 57.0 57.0 57.0 57.0 57.0 57.0

· Required CINo dB-Hz 57.0 57.0 57.0 57.0 57.0 57.0
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Table D-23. Link Budget for Required C/N = 57.0 dB-Hz for a STAR Network,o
Remote Station-to-Central Station Link, Using an INTELSAT
Hemispheric Beam Coverage Satellite Resource

STAR Network -- Remote Station-to-Central Station Link Budget

· Antenna Diameter m 3.0 4.5 6.0 8.0 10.0
· XMTR Pwr. to Ant; dBW 15.5 12.0 9.5 7.0 5.1

W 35.5 15.8 8.9 5.0 3.2
, XMTR Ant. Gain (6 GHz) dB 43.2 46.7 49.2 51. 7 53.6
· Uplink EIRP (6 GHz) dBW 5A7
· Misc. Uplink Losses dB 0.5

Uplink Prop. Loss dB 200.2, (a=20 0 ')

· Pwr. Flux Den. at Sat. dBW/m2 -104.7
Multi-Carrier Operating dBW/m2

-84.5Flux Density
, Boltzmann's Constant dBW/ K-Hz -228.6
· Satell ite G/T dB/ K -11.6
· Uplink Rec1d. C/No dB-Hz 75.0
· Satellite System Gain dB 135.8

Sat. EIRP per Carrier dBW -6.2, (4 GHz)
· Sat. Int. Pwr. dB-Hz -76.0
· Misc. Downlink Losses dB 0.5

Downlink Prop. Loss dB 196.3· (a=20 0
)

· RCV Ant. Gain dB STD "B
· RCV Sys. Noise Temp. dB/K STDIIB
Eart~ Statio) G/T dB/K 31. 7· Std IIB"

· Downlink Rec'd. C/No dB-Hz 57.3
· Downlink Rec'd. C/I dB-Hz 69.3
· System C/No TTotal} dB-Hz 57.0

· Required C/No dB-Hz 57.0



1
2
3
4
5
6

7
8
9

10
11

1.0 121.0

13
14
15

16

17
18
19
20
21
22

23

Table 0-24. Link Budget for Required C/No = 57.0 dB-Hz for a STAR Network,
Central Station-to-Remote Station Link, Using an INTELSAT
Hemispheric Beam Coverage Satellite Resource

STAR Network -- Central Station~to-RemoteStation Link Budget

, Earth Station G/T dB/K 17.5 20.0 22.5 25.0 27.5 30.0
, XMTR Pwr. to Ant. dBW 18. 1 . 156 111 10.7 8.2 5.8

W 64.6 36.3 20.4 11. 7 6.6 3H
, XMTR Ant. Gain (6 GHz) dB 54.5 54.5 54.5 54.5 54.5 54.5
, Uplink EIRP (6 GHz) dBW 72.6 70. 1 67.6 65.2 62.7 60 1
, Misc. Uplink Losses dB 0.5 0.5 0.5 0.5 0.5 0.5

Uplink Prop. Loss dB 200.2 200.2 200.2 200.2 200.2 200.2' (a=200)

, Pwr. Flux Den. at Sat. dBW/m2 -90.8 -93.3 -95.8 -98.2 -100.7 -103.1
Multi-Carrier Operating dBW/m2

-84.5 -84.5 -84.5 -84.5 -84.5 -84.5F1 ux Dens i ty
, Boltzmann's Constant dBW/ K -228.6 -228.6 -228.6 -228.6 -228.6 -228.6
, Sa te 11 ite G/T dB/ K - II .0 -11.6 -11 .6 -11.6 -11.6 -11.6
, Uplink Rec d. C/No dB-Hz 88.9 86.4 83.9 81.5 79.0 76.6
, Satellite System Galn dB 135.8 135.8 135.8 135.8 135.8 135.H

Sat. EIRP per Carrier dBW 7.7 5.2 2.7 0.3 -2.2 -4.6' (4 GHz)
, Sat. Int. Pwr. -dBW/Hz -76.0 -76.0 -/b.U -76.--0 -76.0 -76.0
, Misc. Downlink Losses dB 0.5 0.5 0.5 0.5 O.b 0.5

Downlink Prop. Loss dB 196.3 196.3 196.3 196.3 196.3 , 96. 3
, (a=200)
, RCV Ant. Gain. dB ---------- ----------- --- See Figure 4 ------ ----------- ---------
, RCV Svs. Noise Temp. dB/ K ----------- ----------- --- See Fl gure 4 ------ ----------- ---------
, Earth Station GjT -dB/ K 17.5 20.0 22.5 25.0 27.5 3D.-0
, Downlink Rec'd. C/No dB-Hz 57.0 57.0 57.0 57.1 57.1 57.2
~..

dB-Hz 83.2 80.7 78.2 75.8 73.3 70.9,Down1 1nk Rec I d. CII
, System C/No(Total) dB-Hz 57.0 57.0 57.0 57.0 57.0 57.0

, Required C/No dB-Hz 57.0 57.0 57.0 57.0 57.0 57.0.
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Table 0-25. Link Budget for Required C/No = 48.0 dB-Hz for a MESH Network
Using a Palapa A Satellite Resource

MESH Network -- Station-to-Station Link Budget

Earth Station G/T dB/K 17.5 20.0 22.5 25.0 27.5 30.0
· Antenna Diameter m 3.0 3.0 4.5 4.5 6.0 6.0 8.0 8.0 10.0

· XMTR Pwr. to Ant. dBW 4.0 1 5 -2 0 -4 4 -6 9 -9 3 -118 -14 1 -lA 1
W 2.5 1.4 0.6 0.4 0.2 0.1 0.1 <0.1 <0.1

· XMTR Ant. Gain (6 GHz) dB 43.2 43.2 46.7 46.7 49.2 49.2 51.7 51. 7 53.6
· Uplink EIRP (6 GHz) dBW 47.2 lfZI: .7 42.3 39.9 37.6 35.5
· Misc. Uplink Losses dB 0.5 0.5 0.5 0.5 0.5 0.5

Uplink Prop. Loss dB 200.2 200.2 200.2 200.2 200.2 200.2· (a=200)

· Pwr. Flux Den. at Sat. dBW/m2 -116.2 -118.7 -121. 1 -123.5 -125.8 -127.9
Multi-Carrier Operating dBW/m2

-93.0 -93.0 -93.0 -93.0 -93.0 -93.0Flux Density
· Boltzmann's Constant dBW/K-Hz -228.6 -228.6 -228.6 -228.6 -228.6 -228.6
· Satell ite G/T dB/K -/.U -7.0 -7.0 -7.0 -7.0 -7.0
· Uplink Rec'd. C/No dB-Hz 68.1 65.6 63.2 60.8 58.5 56.4
· Satellite Svstem Gain dB 152.3 152.3 152.3 102.::1 152.3 152.3

Sat. EIRP per Carrier dBW -1.2 -3.7 -6.1 -8.5 -10.8 -12.9· (4 GHz)
· Sat. Int. Power dBW/Hz -76.0 -76.0 -76.0 -76.0 -76.0 -76.0
· Misc. Downlink Losses dB 0.5 0.5 0.5 0.5 0.5 0.5

Downlink Prop. Loss dB 196.3 196.3 196.3 196.3 196.3 196.3
· (a=200)
· RCV Ant. Gain dB ------- ------------- --- See Figure 4 ------- ---------- ---------
· RCV Sys. Noise Temp. dBI K ------- ------------- --- See Figure 4 ------- ---------- ---------
· Earth Station G/T dBI K 17.5 20.0 22.5 25.0 27.5 30.0
· Downlink Rec'd. C/No dB-Hz 48.1 48.1 48.2 48.3 48.5 48.9
· Downlink Rec'd. C/I dB-Hz 74.3 71.8 69.4 67.0 64.7 62 6
· System C/No (Total) dB-Hz 48.0 48.0 48.0 48.0 48.0 48.0

· Required C/No dB-Hz 48.0 48.0 48.0 48.0 48.0 48.0
..-
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Table 0-26. Link Budget for Required CINo = 48.0 dB-Hz for a STAR Network,
Remote Station-to-Central Station Link, Using a Pa1apa A
Satellite Resource

STAR Network -- Remote Station-to-Centra1 Station Link Budget

· Antenna Diameter m 3.0 4.5 6.0 8.0 10.0
· XMTR Pwr. to Ant. dBW -9.1 -12 6 -15 1 -17 h -19 5

W 0.1 0.1 <0.1 <0 1 d) 1
· XMTR Ant. Gain (6 GHz) dB 43.2 46.7 49.2 51. 7 53.6
· Uplink EIRP (6 GHz) dBW 34'"".1
· Misc. Uplink Losses dB 0.5

Uplink Prop. Loss dB 200.2· (a=20 o
)

· Pwr. Flux Den. at Sat. dBW/m2 -129.3
Multi-Carrier Operating dBW/m2

-93.0Flux Density
· Boltzmann1s Constant dBWI K-Hz -228.6
· Satell i te G/T dBI K -l-.O
· Uplink Rec'd. CINo dB-Hz 55.0
· Satellite System Gain dB 1OL. j

Sat. EIRP per Carrier dBW -14.3
· (4 GHz)
· Sat. Int. Pwr. dB-Hz -76.0
· Misc. Downlink Losses dB 0.5

Downlink Prop. Loss dB 196.3· (a=20 0
)

· RCV Ant. Gain dB STU "8

· RCV Sys. Noise Temp. dB/R STD "B
Earth Station G/T dB/K 31. 7· (Std IIB II )

· Downlink Rec'd. CINo dB-Hz 49.2
· Downlink Rec'd. CII dB-Hz 61.~

· System C/Na (Total) dB-Hz 48.0

· Required C/Na dB-Hz 48.0
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Table 0-27. Link Budget for Required C/No = 48.0 dB-Hz for a STAR Network,
Central Station-to-Remote Station Link, Using a Pa1apa A
Satellite Resource

STAR Network -- Central Station-to-Remote Station Link Budget

· Earth Station G/T dB/K 17.5 20.0 22.5 25.0 27.5 30.0
· XMTR Pwr. to Ant. dBW -7.3. -9.8 -12.2 -14.6 -16.9 -19.0

W 0.2 0.1 0.1 <0.1 <0 .1 <0.1
· XMTR Ant. Gain (6 GHz) dB 54.5 54.5 54.5 54.5 54.5 54.5
· Uplink EIRP (6 GHz) dBW 47.2 44.7 42.3 39.9 37.6 35.5
· Misc. Uplink Losses dB 0.5 0.5 0.5 0.5 0.5 0.5

Uplink Prop. Loss dB 200.2 200.2 200.2 200.2 200.2 200.2· (a=200)

· Pwr. Flux Den. at Sat. dBW/m2 -116.2 -118.7 -121.1 -123.5 -125.8 -127.9
Multi-Carrier Operating dBW/m2

-93.0 -93.0 -93.0 -93.0 -93.0 -93.0Flux Densitv
· Boltzmann1s Constant dBWI K -228.6 -228.6 -228.6 -228.6 -228.6 -228.6
· Satellite G/T dBI K -7.0 -7.0 -7.0 -7.0 -7.0 -7.0
· Uplink Rec~d. C/No aB-Hz 68.1 65.6 63.2 60.8 58.5 56.4
· Satellite System Galn ClB I!:>Z.3 I!:>Z.J 152.J 152.3 152.3 152.3

Sat. EIRP per Carrier dBW -1.2 -3.7 -6.1 -8.5 -10.8 -12.9· (4 GHz)
· Sat. Int. Pwr. dBW/Hz -76.0 -76.0 -76.0 -76.0 -76.0 -76.0
· Misc. Downlink Losses dB 0.5 0.5 0.5 . -0:0 0.5 0.5

Downlink Prop. Loss dB 196.3 196.3 196.3 196.3 196.3 196.3
· (a-20°)
· RCV Ant. Gain dB ----------- ----------- --- See Figure 4 ------ ----------- ---------
· RCV Svs. Noise Temp. dB/ K ----------- ----------- --- See Flgure 4 ------ ----------_. ---------
· Earth Station G/T dBI K 17.5 20.0 22.5 25.0 7.7.5 30.0
· Downlink Rec'd. C/No dB-Hz 48.1 48.1 48.2 48.3 48.5 48.9
· Downlink Rec'd. C/I dB-Hz 74.3 71.8 69.4 67.0 64.7 62.6
· System C/No (Total) dB-Hz 48.0 48.0 48.0 48.0 48.0 48.0

· Required CINo dB-Hz 48.0 48.0 48.0 48.0 48.0 48.0,



Table 0-28. Link Budget for Required C/No = 51.0 dB-Hz for a MESH Network
Using a Pa1apa A Satellite Resource

MESH Network -- Station-to-Station Link Budget
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Earth Station G/T dB/K 17.5 20.0 22.5 25.0 27.5 30.0
· Antenna Diameter m 3.0 3.0 4.5 4.5 6.0 6.0 8.0 8.0 10.0
· XMTR Pwr. to Ant. dBW 7.0 4.5 1.0 -1.4 -3.9 -6.3 -tl.tl - I I .1 -15.1

W 5.0 2.8 1.3 0.7 0.4 0.2 0.1 0.1 <0.1
· XMTR Ant. Gain (6 GHz) dB 43.2 43.2 46.7 46.7 49.2 49.2 51. 7 51. 7 53.6
· Uplink EIRP (6 GHz) dBW :JU.'::: 4 ./ 45.3 42.9 40.6 38.5
· Misc. Uplink Losses dB 0.5 0.5 0.5 0.5 0.5 0.5

Uplink Prop. Loss dB 200.2 200.2 200.2 200.2 200.2 200.2· (a=200)

· Pwr. Flux Den. at Sat. dBW/m2
-111 ? -11 ~ 7 -11 A 1 -120 5 -122.8 -1249

Multi-Carrier Operating dBW/m2 -93.0 -93.0 -93.0 -93.0 -93.0 -93.0Flux Density
· Bo1tzmann ' s Constant dBW/K-Hz -228.6 -228.6 -228.6 -228.6 -228.6 -228.6
· Satell ite G/T dB/K -/.U -7.0 -7.0 -7.0 -7.0 -7.0
· Uplink Rec'd. C/No dB-Hz 71.1 68.6 66.2 63.8 61.5 59.4
· Satellite SYstem Gain dB 152.3 152.3 152.3 152.3 152.3 152.3

Sat. EIRP per Carrier dBW 1.8 -0.7 -3.1 -5.5 -7.8 -9.9· (4 GHz)
· Sat. Int. Power dBW/Hz -76.0 -76.0 -76.0 -76.0 -76.0 -76.0
· Misc. Downlink Losses dB 0.5 0.5 0.5 0.5 0.5 0.5

Downlink Prop. Loss dB 196.3 196.3 196.3 196.3 196.3 196.3· (a=200)
· RCV Ant. Gain dB ------_. ------------- --- See Figure 4 ------- ---------- ---------
· RCV Sys. Noise Temp. dB/ K ------- ------------- --- See Figure 4 ------- ---------- ---------
· Earth Station G/T dB/ K 17.5 20.0 22.5 25.0 27.5 30.0
· Downlink Rec'd. C/No dB-Hz 51. 1 51.1 51.2 51.3 51.5 51.9
· Downlink Rec'd. C/I dB-Hz 77 .3 7d.8 72.4 70.0 67.7 65.6
· System C/No (Total) dB-Hz 51.0 51.0 51.0 51.0 51.0 51.0

· Required C/No dB-Hz 51.0 51.0 51.0 51.0 51.0 51.0
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Table D-29. Link BUdget for Required CINo = 51.0 dB-Hz for a STAR Network,
Remote Station-to-Central Station Link, Using a Palapa A
Satellite Resource

STAR Network -- Remote Station-to-Central Station Link Budget

, Antenna Diameter m 3.0 4.5 6.0 8.0 10.0
, XMTR Pwr. to Ant: dBW -6.1 -9.6 -12.1 -14.6 -16 5

W 0.2 0.1 O.T <0.1 <0.1
· XMTR Ant. Gain (6 GHz) dB 43.2 46.7 49.2 51. 7 53.6
, Uplink EIRP (6 GHz) dBW 3-~ 1
, Misc. Uplink Losses dB 0".5

Uplink Prop. Loss dB 200.2· (o.=20 0') .

· Pwr. Flux Den. at Sat. dBW/m2 -126.3
Multi-Carrier Operating dBW/m2 -93.0

Fl ux Dens itv
· Boltzmann's Constant dBWI K-Hz -228.6
· Satellite G/T dBI K -7-0
, Uplink Rec'd. CINo dB-Hz 58.0
, Satellite System Gain dB 152.3

Sat. EIRP per Carrier dBW -11.3· (4 GHz)
· Sat. Int. Pwr. dB-Hz -76.0
, Misc. Downlink Losses dB 0.5

Downlink Prop. Loss dB 196.3'(0.=20°)
· RCV Ant. Gain dB STD "B
· RCV Sys. Noise Temp. dB/K STOWS

Earth Station G/T dB/K 31.7· (Std IIB II )
· Downlink Rec'd. CINo dB-Hz 52.2
· Downlink Rec'd. CII dB-Hz 64.2
· System CINo (Total) dB-Hz 51.0 --

- -.-
· Required CINo dB-Hz 51.0
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Table 0-30. Link Budget for Required CINo = 51.0 dB-Hz for a STAR Network,
Central Station-to-Remote Station Link, Using a Palapa A
Satellite Resource

STAR Network -- Central Station-to-Remote Station Link Budget

· Earth Station G/T dB/K 17.5 20.0 22.5 25.0 27.5 30.0
· XMTR Pwr. to Ant. dBW -4.3 -6.8 -9.2 -l1.b -IJ.9 -16.0

W 0.4 0.2 0.1 0.1 <0.1 <0 .1
· XMTR Ant. Gain (6 GHz) dB 54.5 54.5 54.5 54.5 54.5 54.5
· Uplink EIRP (6 GHz) dBW 50.2 47.7 45.3 42.9 40.6 38.5
· Misc. Uplink Losses dB 0.5 0.5 0.5 0.5 0.5 0.5

Uplink Prop. Loss dB 200.2 200.2 200.2 200.2 200.2 200.2· (a=200)

· Pwr. Flux Den. at Sat. dBW/m2 -113.2 -115.7 -118.1 -120.5 -122.8 -124.9
Multi-Carrier Operating dBW/m2

-93.0 -93.0 -93.0 -93.0 -93.0 -93.0Fl ux Dens i ty
· Boltzmann's Constant dBWI K -228.6 -228.6 -228.6 -228.6 -228.6 -228.6
· Sa te11 ite G/T dB/ K -7.0 -7.0 -7.0 -1.0 -7.0 -7.0
· Uplink Rec d. CINo dB-Hz 71.1 68.6 66.2 63.8 61.5 59.4
· Satellite System Gain dB 152.3 152.3 152.3 152.3 152.3 152.3

Sat. EIRP per Carrier dBW 1.8 -0.7 -3.1 -5.5 -7.8 -9.9· (4 GHz)"
· Sat. Int. Pwr. dBW/Hz -76.0 -76.0 -76.0 -76.0 -7b.U -/b.U
· Misc. Downlink Losses dB 0.5 0.5 O.b U.O 0.5 U.O

Downlink Prop. Loss dB , 96. 3 196.3 196.3 196.3 196.3 196.3
· (a=200)
· RCV Ant. Gain, dB ---------- ----------- --- See Figure 4 ------ ----------- ---------
· RCV Sys. Noise Temp. dB/ K ---------- ----------- --- See Flgure 4 ------ ----------- ---------
· Earth Station G/T dB/ K 17.5 20.0 22.5 25.0 27 .5 30.0
· Downlink Rec1d. CINo dB-Hz 51.1 51.1 51.2 51.3 51.5 51.9
· .Downlink Rec1d. CII dB-Hz 77 .3 74.8 72.4 70.0 67.7 65.6
· System CINo (Total) dB-Hz 51.0 51.0 51.0 51.0 51.0 51.0

· Required CINo dB-Hz 51.0 51.0 51.0 51.0 51.0 51.0
,
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Table 0-31. Link Budget for Required G/No = 54.0 dB-Hz for a MESH Network
Using a Palapa A Satellite Resource

MESH Network -- Station-to-Station Link Budget

Earth Station G/T dB/K 17 .5 20.0 22.5 25.0 27.5 30.0
· Antenna Diameter m 3.0 3.0 4.5 4.5 6.0 6.0 ' 8.0 8.0 10.0
· XMTR Pwr. to Ant. dBW 10.0 7.5 4.0 I.b -U.~ -3.3 -S.a- -81 -12.1

W 10.0 5.6 2.5 1.4 0.8 0.5 0.3 0.2 0.1
· XMTR Ant. Gain (6 GHz) dB 43.2 43.2 46.7 46.7 49.2 49.2 51.7 51-.7 53.6
· Uolink EIRP (6 GHz) dBW 53.2 50.7 48.3 45.9 43.6 41.0
· Misc. Uplink Losses dB 0.5 0.5 0.5 0.5 0.5 0.5

uP11nk Prop. Loss dB 200.2 200.2 200.2 200.2 200.2 200.2· 0.=20°)
· Pwr. Flux Den. at Sat. dBW/m2 -110.2 -112.7 -115.1 -117.5 -119.8 -121 .9

Multi-Carrier Operating dBW/m2 -93.0 -93.0 -93.0 -93.0 -93.0 -93.0Flux Densitv
· Boltzmann's Constant dBW/K-Hz ~228.6 -228.6 -228.6 -228.6 -228.6 -228.6
· Sa te11 ite G/T dB/K -7.0 -7.0 -7.0 -7:rJ ":'7.0 -7.0
· Uplink Rec'd. C/No dB-Hz 74.1 71.6 69.2 66.8 64.5 62.4
· Satellite SYstem Gain dB IOL.j I!:>~.j 152.3 152.3 152.3 152.3

Sat. EIRP per Carrier dBW 4.8 2.3 -0.1 -2.5 -4.8 -6.9· (4 GHz)
· Sat. Int. Power dBW/Hz -76.0 -76.0 -76.0 -76.0 -76.0 -76.0
· Misc. Downlink Losses dB 0.5 0.5 0.5 0.5 0.5 0.5

DowClink Prop. Loss dB 196.3 196.3 196.3 196.3 196.3 196.3· 0.=20°)
, RCV Ant. Gain dB ------- ------------- --- See FiQure 4 ------- ---------- ---------
, RCV Svs. Noise Temp. dB/ K ------- ------------- --- See Fiqure 4 ------- ---------- ---------
· Earth Station G/T dB/ K 17.5 20.0 22.5 25.0 27.5 30.0
· Downlink Rec'd. C/No dB-Hz 54.1 54.1 54.2 54.3 54.5 54.9

· Downlink Rec'd. C/I dB-Hz 80.3 77 .8 75.4 73.0 IU.I b!:Lb

· System C/No (Total) dB-Hz 54.0 54.0 54.0 54.0 54.0 54.0

· Required C/No dB-Hz 54.0 54.0 54.0 54.0 54.0 54.0
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Table D-32. Link Budget for Required C/No = 54.0 dB-Hz for a STAR Network,
Remote Station-to-Central Station Link, Using a Palapa A
Satellite Resource

STAR Network -- Remote Station-to-Central Station Link Budget

· Antenna Diameter m 3.0 4.5 6.0 8.0 10.0
· XMTR Pwr. to Ant. dBW -3.1 -6.6 -9.1 -11. 6 -l3.5

W 0.5 0.2 0.1 0.1 <0 .1
· XMTR Ant. Gain (6 GHz) dB 43.2 46.7 49.2 5T.7 53.6
· Uolink EIRP (6 GHz) dBW 40.1
· Misc. Uplink Losses dB 0.5

Uplink Prop. Loss dB 200.2· (a=200')

· Pwr. Flux Den. at Sat. dBW/m2 -123.3
Multi-Carrier Operating dBW/m2

-93.0· Flux Density
· Boltzmann's Constant dBW/ K-Hz -22E.o
· Sa te11 ite G/T dB/ K -7..0
· Uplink Rec'd. C/No dB-Hz 61.0
· Satellite SYstem Gain dB 152.3

Sat. EIRP per Carrier dBW -8.3· (4 GHz)
· Sat. Int. Pwr. dB-Hz -76.0
· Misc. Downlink Losses dB 0.5

Downlink Prop. Loss dB 196.3· (a=200)
· RCV Ant. Gain dB STD "B"
• RCV Sys. Noise Temp. dB/K STU "B"

Earth Station G/T dB/K 31. 7. (Std 118 11 )
· Downlink Rec'd. C/No dB-Hz 55.2
· Downlink Rec'd. C/I dB-Hz 67.2
· System C/No (Total) dB-Hz 54.0

· Required C/No dB-Hz 54.0
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Table 0-33. Link Budget for Required GINo = 54.0 dB-Hz for a STAR Network,
Central Station-to-Remote Station Link, Using a Palapa A
Satellite Resource

STAR Network -- Central Station-to-Remote Station Link Budget

· Earth Station G/T dB/K 17.5 20.0 22.5 25.0 27.5 30.0
· XMTR Pwr. to Ant. dBW -1.3 -3.8 -6.2 -8.6 -10.9 -13.0

W 0.7 0.4 0.2 0.1 0.1 o. 1
· XMTR Ant. Gain{6 GHz) dB 54.5 54.5 54.5 54.5 54.5 54.5
· Uplink EIRP (6 GHz) dBW 53.2 50.7 48.3 45.9 43.6 41.5
· Misc. Uplink Losses dB 0.5 0.5 0.5 0.5 0.5 0.5

Uplink Prop. Loss dB 200.2 200.2 200.2 200.2 200.2 200.2· (a=200)

· Pwr. Flux Den. at Sat. dBW/m2 -110.2 -112.7 -115.1 -117.5 -119.8 -121. 9
Multi-Carrier Operating dBW/m2

-93.0 -93.0 -93.0 -93.0 -93.0 -93.0· Flux Densitv
· Boltzmann's Constant dBWI K -228.6 -228.b -228.6 -228.6 -228.6 -228.6
· Satell He G/T dBI K -7.0 -7.0 -7.0 -7.0 -7.0 -7.0
· Uplink Rec d. CIN dB-Hz 74.1 71.6 69.2 66.8 64.5 62.4. 0

· Sate11ite System Galn dB IOL.3 IOL.3 IOL.3 11)?1 152 3 11:;? 1
Sat. EIRP per Carrier dBW 4.8 2.3 -0.1 -2.5 -4.8 -6.9· (4 GHz)

· Sat. Int. Pwr. dBW/Hz -76.0 -/6.0 -76.0 -T6.U -76.0 -76.U
· Misc. Downlink Losses elB 0.5 0.5 O.b 0.5 0.5 0.5

Downlink Prop. Loss dB 196.3 196.3 196.3 196.3 196.3 196.3
· (a-20°)
· RCV Ant. Gain dB ---------- ----------- --- See Figure 4 ------ -----------. ---------
· RCV Svs. Noise Temp. dBI K ----------- ----------- --- See Flgure 4 ------ ----------- ---------
· Earth Station G/T dB/ K 17.5 20.0 22.5 -25.0 27.5 30.0
, Downlink Rec'd. CINo dB-Hz 54.1 54.1 54.2 54.3 54.5 54.9
~

dB-Hz 75.4· Downlink Rec'd. CII RO 1 77 .8 73.0 70.7 68.6
· System CINo (Total) dB-Hz 54.0 54.0 54.0 54.0 54.0 54.0

, Requi red CINo dB-Hz 54.0 54.0 54.0 54.0 54.0 54.0,
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Table 0-34. Link Budget for Required C/No = 57.0 dB-Hz for a MESH Network
Using a Palapa A Satellite Resource

MESH Network -- Station-to-Station Link Budget

Earth Station G/T dB/K 17.5 20.0 22.5 25.0 27.5 30.0
· Antenna Diameter m 3.0 3.0 4.5 4.5 6.0 6.0 8.0 8.0 10.0
· XMTR Pwr. to Ant. dBW 13.U IU.o 7.0 4.6 2.1 -0.3 -~.8 -0.1 -9.1

W 20.0 11.2 O.U ~.!:J 1.6 0.9 0.5 0.3 0.1
· XMTR Ant. Gain (6 GHz) dB 43.2 43.2 46.7 46.7 49.2 49.2 51.7 51.7 53.6
· Uplink EIRP (6 GHz) dBW 56.2 53.7 51.3 48.9 46.6

_._-
44.0

· Misc. Uplink Losses dB 0.5 0.5 0.5 0.5 0.5 0.5
Uplink Prop. Loss dB 200.2 200.2 200.2 200.2 200.2 200.2· (a=200)

· Pwr. Flux Den. at Sat. dBW/m2 -107.2 -109.7 -112.1 -114.5 -116.8 -118.9
Multi-Carrier Operating dBW/m2

-93.0 -93.0 -93.0 -93.0 -93.0 -93.0Flux Density
· Boltzmann's Constant dBW/K-Hz -228.6 -228.6 -228.6 -228.6 -228.6 -228.6
· Sa te 11 He G/T dB/K -7.0 -7.0 -7.0 -7.0 -7.0 -7.0
· Uplink Rec'd. C/No dB-Hz 77 .1 74.6 72 .2 69.8 67.5 65.4
· Satellite System Gain dB lo~.j 152.3 10L • .:S 152.3 152.3 152.3

Sat. EIRP per Carrier dBW 7.8 5.3 2.9 0.5 -1.8 -3.9· (4 GHz)
· Sat. Int. Power dBW/Hz -76.0 -76.0 -76.0 -76.0 -76.0 -76.0
· Misc. Downlink Losses dB 0.5 0.5 0.5 0.5 0.5 0.5

Downlink Prop. Loss dB 196.3 196.3 196.3 196.3 196.3 196.3· (a=200)
· RCV Ant. Gain dB ------- ------------- --- See Fiqure 4 ------- ---------- ---------
· RCV Sys. Noise Temp. dB/ K ------- ------------- --- See Figure 4 ------- ---------- ---------
· Earth Station G/T dB/ K 17.5 20.0 22.5 25.0 27.5 30.0
· Downlink Rec'd. C/No dB-Hz 57.1 57.1 57.2 57.3 57.5 57.9
· Downlink Rec'd. C/I dB-Hz 83.3 80.8 78.4 76.0 73.7 71.6
· System C/No (Total) dB-Hz 57.0 57.0 57.0 57.0 57.0 57.0

· Required C/No dB-Hz 57.0 57.0 57.0 57.0 57.0 57.0



Table D-35. Link Budget for Required CINo = 57.0 dB-Hz for a STAR Network,
Remote Station-to-Centra1 Station Link, Using a Pa1apa A
Satellite Resource

STAR Network -- Remote Station-to-Centra1 Station Link Budget

Antenna Diameter m 3.0 4.5 6.0 8.0 10.0
XMTR Pwr. to Ant; dBW -0.1 -3.6 -6.1 -8.6 -10 5

, W 1.0 0.4 0.7 lJ.1 0.1
XMTR Ant. Gain -(6 GHzJ dB 43.2 46.7 49.2 51. 7 53.6
UD1ink EIRP (6 GHz) dBW 43.1
Misc. Uplink Losses dB 0.5
Uplink Prop. Loss dB 200.2(a=20o) .

Pwr. Flux Den. at Sat. dBW/m2 -120.3
Multi-Carrier Operating dBW/m2 -93.0F1 ux Dens itv .

Bo1tzmann ' s Constant dBWI K-Hz -228.6
Satellite G/T dBI K -7.0
Uplink Recld. CINo dB-Hz 64.0
Satellite System Gain dB 152.3
Sat. EIRP per Carrier dBW -5.3(4 GHz)
Sat. Int. Pwr. dB-Hz -76.0
Misc. Downlink Losses dB lJ.o
Downlink Prop. Loss dB 196.3(a==200)
RCV Ant. Gain dB STD IB
RCV Sys. Noise Temp. dB/K STD 'B
Earth Station G/T dB/K 31. 7· (Std IIB II )

· Downlink Rec'd. CINo dB-Hz 58.2
· Downlink Rec'd. CII dB-Hz 70 ?
· System CINo (Total) dB-Hz 57.0

· Required CINo dB-Hz 57.023

l.

2.

3.

4.
5.

6.

7.
8.

9.
10 .
11.
12.
13.
14.
15.
16.
17.
18.

19
20
21
22

............
o



1
2
3
4
5
6

7
8
9

10
11

--'...... 12--'

13
14
15

16

17
18
19
20
21
22

23

Table D-36. Link Budgpt for Required C/No = 57.0 dB-Hz for a STAR Network,
Central Station-to-Remote Station Link, Using a Pa1apa A
Satellite Resource

STAR Network -- Central Station-to-Remote Station Link Budget

· Earth Station G/T dB/K 17.5 20.0 22.5 25.0 27.5 30.0
· XMTR Pwr. to Ant. dBW 1.7 -0.8 -3.2 -5.6 -7.9 _1n n

W 1.5 0.8 0.5 0.3 0.2 0.1
· XMTR Ant. Gain (6 GHz) dB 54.5 54.5 54.5 54.5 54.5 54.5
, Uplink EIRP (6 GHz) dBW ob.~ oJ./ bl.J 'ffi .-9 40.b 44.0
· Misc. Uplink Losses dB 0.5 0.5 0.5 0.5 0.5 0.5

uP11nk Prop. Loss dB 200.2 200.2 200.2 200.2 200.2 200.2, (;(=20°)

· Pwr. Flux Den. at Sat. dBW/m2 -107.2 -109.7 -112.1 -114.5 -116.8 -118.9
Multi-Carrier Operating dBw/m2

-93.0 -93.0 -93.0 -93.0 -93.0 -93.0Fl ux Dens i tv
, Boltzmann's Constant dBW/ K -228.6 -228.6 -228.6 -228.6 -228.6 -228.6
, Sa te 11 ite G/T dB/ K -7.0 -7.0 -7.0 -7.0 -7.0 _7 ()

, Uplink Rec d. C/No dB-Hz 77 .1 74.6 72.2 69.8 67.5 65.4
, Satellite System Galn dB 152.3 152.3 152.3 152.3 152.3 152.3

Sat. EIRP per Carrier dm'J 7 Q 5.3 2.9 0.5 -1.8 -3.9, (4 GHz) I.U

, Sat. Int. Pwr. ~dBW/Hz -76.0 -76.0 -/b.U -76.0 -70.0 -76.0
, Misc. Downlink Losses dB 0.5 0.5 0.5 0.5 0.5 0.5

Downlink Prop. Loss dB 196.3 196.3 196.3 196.3 196.3 , 96.3
, «(;(-20°)
· RCV Ant. Gain. dB ----------- ----------- --- See Figure 4 ------ ----------- ---------
, RCV Svs. Noise Temp. dB/ K ----------- ----------- --- See Flgure 4 ------ ----------- ---------
, Earth Station G/T ~dB/ K 17.5 20.0 22.5 25.0 77.5 30.0
, Downlink Rec1d. C/No dB-Hz 57.1 57.1 57.2 57.3 57.5 57.9
,~link Rec'd. C/I dB-Hz Rl 1 RO.R 78.4 76.0 737 71 .6
, System C/No (Total) dB-Hz 57.0 57.0 57.0 57.0 57.0 57.0

Required C/No dB-Hz 57.0 57.0 0/ .0 57.0 57.0 57.0,



The satellite EIRP per carrier (downlink at 4 GHz t nominally), shown as
item 13 in each of the link budgets, is used to calculate the number of telephone
channels that can be supported by 1/4 transponder for each satellite resource,
parametric in each station figure of merit, G/T, assuming each of the carrier-to
noise-power-density ratios used in this analysis and one and two channels per
carrier. These results are plotted in Figures 0-1 through 0-5 for an INTELSAT
global beam coverage resource, in Figures 0-6 through D-10 for an INTELSAT
hemispheric beam coverage resource, and in Figures 0-11 through D-15 for a
Palapa A resource.

In a MESH network where all earth stations are designed with equal figure
of-merit capabilities, the number of possible telephone circuits would be half the
number of channels, since two channels are required for each duplex circuit. In
a STAR network, communications are always between a remote earth station, assumed
in this analysis to have 17.5 ~ G/T ~ 30.0 dB/K , and the central earth station,
assumed to be an INTELSAT Standard B or equivalent capability; i.e.,
G/T = 31.7 dB/K. One must use the appropriate curves for the remote and central
earth stations to determine the number of duplex circuits that can be supported
by 1/4 transponder. For an example, refer to Figure 0-3 for an INTELSAT global
beam coverage satellite and C/No = 54.0 dB-Hz. Assume G/T = 25.0 dB/K for the
remote earth station. We see that 21 channels received by the remote earth
station require 81% of the available satellite power. Twenty-one channels
received by the central earth station require 19% of the available satellite EIRP.
Therefore, 1/4 transponder on an INTELSAT global beam coverage satellite will
provide 21 duplex telephone circuits in a STAR network when G/T = 25.0 dB/K

for the remote earth station.
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Fi gure 0-1. Curves, parametric in receiving earth station figure of merit G/T),
showing numbers of telephone channels (using single channel per
carrier) providing CINo = 48.0 dB-Hz as a function of available
transponder power (EIRP) up to 11.5 dBW (14.1 W), 1/4 transponder
for INTELSAT global beam coverage.
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Figure 0-2. Curves, parametric in receiving earth station figure of merit (G/T),
showing numbers of telephone channels (using single channel per
carrier) prOViding C/No = 51.0 dB-Hz as a function of available
transponder power (EIRP) up to 11.5 dBW (14.1 W), 1/4 transponder
for INTELSAT global beam coverage.
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Figure 0-3. Curves, parametric in receiving earth station figure of merit (G/T),
showing numbers of telephone channels (using single channel per
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Figure 0-5. Curves, parametric in receiving earth station figure of merit (G/T),
showing numbers of telephone channels (using single channel per
carrier) providing CINo = 57.0 dB-Hz as a function of available
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for INTELSAT global beam coverage.
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Figure 0-6. Curves, parametric in receiving earth station figure of merit (G/T),
showing numbers of telephone channels (using single channel per
carrier) providing CINo = 48.0 dB-Hz as a function of available

transponder power (EIRP) up to 14.0 dBW (25.1 W), 1/4 transponder
for INTELSAT hemispheric beam coverage.
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Figure 0-7. Curves, parametric in receiving earth station figure of merit (G/T),
showing numbers of telephone channels (using single channel per
carrier) providing CINo = 51.0 dB-Hz as a function of available
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showing numbers of telephone channels (using single channel per
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Figure 0-10. Curves, parametric in receiving earth station figure of merit (G/T),
showing numbers of telephone channels (using single channel per
carrier) providing CINo = 57.0 dB-Hz as a function of available

transponder power (EIRP) up to 14.0 dBW (25.1 W), 1/4 transponder
for INTELSAT hemispheric beam coverage.
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Figure 0-11. Curves, parametric in receiving earth station figure of merit (G/T),
showing numbers of telephone channels (using single channel per
carrier) providing CINo = 48.0 dB-Hz as a function of available
transponder power (EIRP) up to 22.0 dBW (158.5 W), 1/4 transponder
for Palapa A.
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Figure 0-12. Curves, parametric in receiving earth station figure of merit (G/T),
showing numbers of telephone channels (using single channel per
carrier) providing CINo = 51.0 dB-Hz as a function of available
transponder power (EIRP) up to 22.0 dBW (158.5 W), 1/4 transponder
for Palapa A.
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Figure 0-13. Curves, parametric in receiving earth station figure of merit (G/T),
showing numbers of telephone channels (using single channel per
carrier) providing CINo = 54.0 dB-Hz as a function of available

transponder power (EIRP) up to 22.0dBW (158.5 W), 1/4 transponder
for Palapa A.
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showing numbers of telephone channels (using two channels per
carrier) providing CINo = 54.0 dB-Hz as a function of available
transponder power (EIRP) up to 22.0 dBW (158.5 W), 1/4 transponder
for Palapa A.
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Figure D-15. Curves, parametric in receiving earth station figure of merit (G/T),
showing numbers of telephone channels (using single channel per
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transponder power (EIRP) up to 22.0 dBW (158.5 W), 1/4 transponder
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APPENDIX E: TELEPHONE TRAFFIC ANALYSIS

A collection of earth stations for satellite communications which provide
rural telephone service according to requirements for the Rural Satellite Pro
gram (RSP) (sponsored by the Agency for International Development), form a
single communications network. The network is termed a simple network because
the network switching requirements are expected to be quite simple. Furthermore,
certain assumptions are made, and are discussed later in this appendix, which
simplify the analytical detail.

One of the simplifying assumptions is that each earth station serves a finite
number of subscribers (telephones). In fact, we assume numbers of ten and twenty
subscribers in the analyses. The number of subscribers and the frequency and
duration of circuit use by each subscriber are necessary items of information in
order to determine use of the network. This use normally is termed density of
traffic or traffic intensity and is expressed as a non-dimensional quantity in
the international unit, Erlang (Erl). (The Erlang as a traffic density unit is
named after A. K. Erlang, the founder of telephone traffic theory.) The numerical
value of this quantity indicates the average number of calls which exist simultan
eously. In switching network terminology, the numerical value indicates the
average number of trunks which are busy at the same time. When aggregated
telephone traffic keeps a trunk busy all the time, the traffic intensity is
1 Erl. Or when the traffic intensity is one call-hour per hour, one call-minute
per minute, etc., the traffic intensity is 1 Erl.

Other simplifying assumptions which have been made include the following:
The network may be MESH or STAR, but it provides capability for each
earth station to establish connection with every other earth station
in the network. In a MESH network each station can link directly with
every other station; in a STAR network the linking must be established
through the central station, and these results apply only to the remote
earth stations. The number of available circuits will determine the
number or stations in the network which can link simultaneously.
Each earth station will serve 10 or 20 subscribers (telephones).
Each subscriber will originate one call during each two hours on the
average.
Call durations will be exponentially distributed with mean durations,
usually termed mean holding times of 3 min, 6 min, or 10 min.
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time ofsubscribers and mean holding
holding time of 10 min.

10 subscribers x 1 call 1 hr x 3 min/call2 hrs x 60 min

When an attempted call is not completed the call is lost. That is,

the system provides a busy tone when an attempted call cannot be com
pleted, and there is no provision for waiting or delayed calls. Such
a system is termed a loss system.

The probability of an attempted call not being completed, which is
termed loss or blocking probability, is the proportion of attempted
calls that are rejected. Our analyses use numerical values of 1%, 2%,
and 5%.

Attempted calls experience no blocking from limitations or archi
tecture of the switching network. This condition is termed full
ava 11 ab11 ity .

The first step in a traffic analysis is to determine the traffic intensity
for the offered traffic load using the expression

A ,;, nCavg x tm
where: A is the number of Er1angs,

nCavg is the average number of attempted, or offered calls, and
tm is the mean holding time.

Two examples are computed, first for 10
3 min, then for 20 subscribers and mean

A10 ,3 =

A10 ,3 = 0.25 Erl.
1 call 1 hr

A20 ,10 20 subscribers x 2 hrs x 60 min x 10 min/call

A20 ,10 = 1.67 Erl.

Other traffic intensities for the network and offered traffic loads assumed for
these analyses are shown in Table E-l.

Table E-l. Traffic Intensities (in Erlangs) per Earth Station as a Function
of Mean Holding Time and Number of Subscribers per Earth Station
for an Average of One Call per Two Hours per Subscriber

Number of Subscribers Mean Holding Time (min)
per Earth Station 3 6 10

10 0.25 Erl 0.50 Erl 0.83 Er1
20 0.50 Erl 1.00 Erl 1.67 Er1

The next step in our traffic analysis is to use the offered traffic loads

(traffic intensities) and acceptable blocking probabilities to determine the
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required number of circuits. This information is conveniently available in many
published telephone traffic theory tables and charts. Traffic theory tables
show offered load (A) in Erlangs as a function of various blocking probabil
ities (B), number of traffic sources (subscribers), and number of servers
(circuits). The book by Siemens (1974) is one good source for such tables.

Using tables for loss systems with a finite number of traffic sources and
full availability, we find that with ten subscribers the lowest number of
circuits (servers) that will support 0.25 Erl of traffic with a blocking prob
ability of 1% is three. (Three circuits actually will support 0.55 Erl of
traffic from the sUbscribers, but two circuits will support only 0.18 Erl of
traffic from ten subscribers, with blocking probability of 1%.) As another
example, we show in Table £-1 that 20 subscribers for which the mean holding time
is 10 min will provide an aggregated traffic load of 1.67 Erl. From the tables
we determine that 20 subscribers offering 1.67 Erl of traffic require five
circuits if the required blocking probability is 2%. (Five circuits will support
1.84 Erl, but four circuits will support only 1.20 Erl.) Table E-2 shows a
tabulation of this type information for all combinations of offered traffic load
(from Table E-l), numbers of subscribers providing the offered traffic, and
selected blocking probabilities of 1%, 2%, and 5%.

Table E-2 Required Numbers of Circuits (Servers) to Support the Traffic
Intensities Shown in Table E-l for Blocking Probabilities of
1%, 2%, and 5%

Traffic Intensity, Blocking Probability
Erl/Earth Station 1% 2% 5%
0.25 (10,3) 3 2 2

0.50 (10,6) 3 3 3(20,3)
0.83 (10,10) 4 4 3
1.00 (20,6) 4 4 3
1.67 (20,10) 6 5 4

From Table E-2 we see that three circuits per earth station will provide a
wide range of service capacity (Erlangs of traffic capacity) versus numbers of

subscribers and blocking probability. We, therefore, use three circuits per

earth station to determine the number of earth stations that can be supported
in the network by 1/4 transponder of satellite resource.
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The link budgets in Appendix D show the satellite EIRP that is required to
support one carrier. Two carriers are required to provide a (duplex) circuit in
a MESH network or between a remote station and the central station in a STAR
network. Four carriers are required to provide duplex telephone service between
two remote stations in a STAR network. These data have been used to develop
Tables E-3 and E-4 which show the numbers of circuits that can be supported by
1/4 transponder. For the various values of earth-station figure of merit and
required carrier-to-noise-power-density ratio, Table E-3 shows numbers of circuits
possible in a MESH network and Table E-4 shows numbers of circuits possible in a
STAR network between a remote station and the central station. Only half as
many duplex service connections could be provided between two remote stations in
a STAR network since four carriers are required for that type of two-hop service
connection.

Following the assumption of three circuits per earth station and using the
data from Tables E-3 and E-4, the maximum possible number of earth stations in a
network is shown as a function of earth station figure of merit by curves which
are parametric in required carrier-to-noise-power-density ratio. These curves
are shown for MESH and STAR networks, respectively, in Figures E-l and E-2 for an
INTELSAT global-beam-coverage satellite resource, in Figures E-3 and E-4 for an
INTELSAT hemispheric-beam-coverage satellite resource, and in Figures E-5 and E-6
for a Palapa A satellite resource.

To illustrate the utility of these curves, assume an RSP application for
which the required carrier-to-noise power density is 54.0 dB-Hz and figure of
merit for the (remote) earth stations has been selected to be G/T=25.0 dB/K.
We note from Figures E-1 and E-2 that there could be four stations in a MESH
network or seven remote stations in a STAR network supported by an INTELSAT global
beam coverage satellite. From Figures E-3 and E-4, the comparative numbers are
seven stations in a MESH network and 12 remote stations in a STAR network supported
by an INTELSAT hemispheric beam coverage satellite. And from Figures E-5 and E-6
the respective numbers are 46 and 73 for a Palapa A satellite.

Types of service which will allow use of lower carrier-to-noise-power-density
ratios will increase the number of circuits that can be provided by the 1/4
transponder, hence the number of earth stations in a network, each providing three
circuits, will be increased. If digital technology is used, as we have discussed
in Appendix A and various sections of the report, whereby two or more channels
per carrier are provided, this would also increase the number of earth stations

in the network.
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Table E-3. Total Numbers of Telephone Circuits in a MESH Network
That Can Be Supported By 1/4 Transponder For
C/N = 48.0, 51.0, 54.0, and 57.0 dB-Hz and Receivingo
Earth Station G/T=17.5, 20.0, 22.5, 25.0, 27.5, and 30.0 dB/K

C/No (dB-Hz)
Transponder Resource 48.0 51.0 54.0 57.0

G/T = 17.5 dB/K
INTELSAT, Global Beam* 9 4 2 1
INTELSAT, Hemi Beam** 16 8 4 2
Pa1apa A 104 52 26 .13

G/T = 20.0 dB/K
INTELSAT, Global Beam* 16 8 4 2
INTELSAT, Hemi Beam** 29 14 7 3
Pa1apa A 184 92 46 23

G/T = 22.5 dB/ K
INTELSAT, Global Beam* 29 14 7 3
INTELSAT, Hemi Beam** 52 26 13 6
Pa1apa A 322 161 80 40

G/T = 25.0 dB/K
INTELSAT, Global Beam* 51 25 13 6
INTELSAT, Hemi Beam** 92 46 23 11
Pa1apa A 555 278 139 69

G/T = 27.5 dB/K
INTELSAT, Global Beam* 90 45 22 11
INTELSAT, Hemi Beam** 162 81 40 20
Pa1apa A 941 472 236 118

G/T = 30.0 dB/K
INTELSAT, Global Beam* 156 78 39 19 I
INTELSAT, Hemi Beam** 282 141 70 35

,
I

Pa1apa A 1545 774 388 194

*Availab1e on INTELSAT IV, IV-A, and V Satellites
**Availab1e on INTELSAT IV-A and V Satellites
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Table E-4. Total Numbers of Telephone Circuits in a STAR Network
(Central Station is Assumed to be an INTELSAT Standard B
or Equivalent) That Can Be Supported by 1/4 Transponder For
C/No=48.0, 51.0, 54.0, and 57.0 dB-Hz and Remote Earth
Station G/T=17.5, 20.0, 22.5, 25.0, 27.5, and 30.0 dB/K

C/No 1dB-Hz)
Transponder Resource 48.0 5-'.0 54.0 57.0

G/T - 17.5 dB/K
INTELSAT, Global Beam* 18 9 4 2
INTELSAT, Hemi Beam** 32 16 8 4
Palapa A 199 99 50 25

G/T = 20.0 dB/K
INTELSAT, Global Beam* 30 15 7 3
INTELSAT, Hemi Beam** 55 27 13 6
Palapa A 338 169 85 42

G/T = 22.5 dB/K
INTELSAT, Global Beam* 52 26 13 6
INTELSAT, Hemi Beam** 93 46 23 11
Palapa A 558 279 140 70

G/T = 25.0 dB/K
INTELSAT, Global Beam* 84 42 21 10
INTELSAT, Hemi Beam** 151 75 37 19
Palapa A 879 440 220 110

G/T = 27.5 dB/K
INTELSAT, Global Beam* 129 64 32 16
INTELSAT, Hemi Beam** 232 116 58 29
Pa1apa A 1301 652 326 163

G/T = 30.0 dB/K
INTELSAT, Global Beam* 184 92 46 23
INTELSAT, Hemi Beam** .333 167 83 42
Palapa A 1781 892 447 224

*Available on INTELSAT IV, IV-A, and V Satellites
**Available on INTELSAT IV-A and VSatellites
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Figure E-l. Curves parametric in required C/No showing the number of earth

stations as a function of G/T that can be supported in a MESH
network by 1/4 transponder on an INTELSAT global beam ~overage

satellite when three circuits are provided at each earth stati~n.
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Figure E-2. Curves parametric in required CINo showing the number of remote earth
stations as a function of G/T that can be supported in a STAR network
by 1/4 transponder on an INTELSAT global beam coverage satellite when
three circuits are provided at each earth station. The central sta
tion of the STAR network is assumed to be an INTELSAT Standard B
or equivalent capacity earth station.
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station of the STAR network is assumed to be an INTELSAT Standard B
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Figure E-5. Curves parametric in required CINo showing the number of earth
stations as a function of G/T that can be supported in a MESH
network by 1/4 transponder on a Palapa A satellite when three
circuits are provided at each earth station.
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Figure E-6. Curves parametric in required CINo showing the number of remote

earth stations as a function of G/T that can be provided in a STAR
network by 1/4 transponder on a Pa1apa A satellite when three cir
cuits are provided at each earth station. The central station of
the STAR network is assumed to be an INTELSAT Standard B equivalent
capacity earth station.
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