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Learning Objectives

ÅMultiple Access in Satellite Communication
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Satellite Multiple Access
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Å The ability of the satellite to carry many signals at the same time is 
known as multiple access

Å It is also called multiple destination because transmissions from each 
earth station are received by all the other earth stations in the system

Å Multiple access allows the communication capacity of the satellite to be 
shared among a large number of earth stations, and to accommodate the 
different mixes(voice ,video ,data ,facsimile) of communication traffic 
that are transmitted by earth station

Å Such signals can be sent through the same satellite using multiple 
access and multiplexing techniques

Å Multiplexing is the process of combining a number of signals into a 
single signal at one location, so that it can processed by a single 
amplifier or transmitted over a single radio channel

Å Multiplexing is part of multiple access capability of all satellite systems
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Design Importance 
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Å The designer of a satellite communication system must make decisions 
about the form of multiple access to be used

Å The multiple access technique used will influence:

Å the system capacity

Å the system flexibility

Å the system costs

Å the ability to earn revenue

Å Basic problem in any multiple access system is how to permit a 
changing group of earth stations to share a satellite such that

Å Capacity is maximized

Å Bandwidth is used efficiently

Å Flexibility is maintained

Å Cost to user is minimized

Å Revenue to operator is maximized

Å Should allow for changing patterns of traffic over satellite life 
time(10-15 years)
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FDMA

Á Given Radio Spectrum (RF BW) is divided into a large number of narrow-band 
radio channels called sub-divisions

Á Each sub-division has its own sub-carrier called IF Carrier

Á A control mechanism is required to ensure that each user/earth station uses only 
its own assigned sub-division at any time

Á SCPC(single carrier per channel)- when earth station sends one signal on a 
carrier. A system in which large number of small earth stations

Á MCPC(multiple carrier per channel)-a system where several speech/voice band 
channels are frequency-division multiplexed to form a composite baseband 
signal comprised of group, super-group or even master-group
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FDMA
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FDMA-Transponder Loading Plan
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FDMA-Transponder Loading Plan
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FDMA-Intermodulation Products

Á Inter-modulation products are generated whenever more than one signal is 
carried by a non-linear device

Á Sometimes filtering can remove the IM products, but if they are within the 
bandwidth of the transponder they cannot be filtered out
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FDMA-Intermodulation Products
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With two 
carriers

With three 
carriers



FDMA-Intermodulation Products

Á Third-order IM is important because third order IM products have frequencies 
close to the signals that generate the inter-modulation , and are within the 
transponder bandwidth

Á From mathematical derivations, it has been seen that IM power increases as 
cube of signal power

Á In decibels, every 10 dB increase in signal power causes a 30dB increase in 
IM product power
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FDMA-Intermodulation Products-Example
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FDMA-

Intermodulation Products-Example(contd.)
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FDMA-

Intermodulation Products-Example(contd.)
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FDMA-

Inter-modulation Products
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FDMA-

Inter-modulation Products
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Denoting the band of frequencies occupied by the signals as f nlo to f nhi ,the 

inter-modulation products cover frequency bands

(2f 1lo - f 2hi ) to (2f 1hi - f 2lo)   and (2f 2lo - f 1hi ) to (2f 2hi - f 1lo ) 

=3706-3730 MHz and 3716-3740MHz with bandwidths of 24 MHz



FDMA 

Intermodulation Products 
Á Extremely important to calculate where IM products will fall

Á Satellite systems have very complicated software to calculate IM products

Á IM products become more severe as an output of transponder(amplifier) 
increases towards saturation 

Á To achieve linearity, transponders should not be run at their saturation (rated) 
output power

Á The output power of an operating transponder is related to its saturated output 
power by output backoff

Á Backoff is measured in decibels

Á e.g. transponder with a 50W rated(saturated) output power operating with 
an output power of 25 W has output back off

Á When 3dB backoff is applied,intermodulation products are reduced by 

Á Reducing the output power increases life
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17dB-14dBW=3dB

9dB



Amplifier

1/29/2009 25NUST-SEECS

ÁIn the transponder(amplifier),the output power level is controlled by the input power

ÁWhen the transponder is operated at output back-off,the input power is reduced by the input 

back-off

ÁThe non-linearity of the transponder causes the input and output back-off values to be 

unequal



Amplifier
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Reading assignment and reference 

for FDMA

Timothy Pratt Book page  221 to 

231



TDMA 

Á TDMA is a method of time division multiplexing digitally modulated carriers 
between participating earth stations with a satellite network through a common 
satellite transponder

Á With TDMA, each station transmits a short burst of a digitally modulated carrier 
during precise time slot within a TDMA frame. Each station’s burst is 
synchronized so that it arrives at the satellite at a different time.

Á Thus, only one  earth station’s carrier is present in the transponder at any given 
time avoiding collision with another station’s carrier

Á The transponder receives the earth station transmissions and retransmits them in 
a downlink beam that is received by all the participating earth stations

Á The transmitted bursts must contain synchronization and identification 
information that help receiving earth stations to extract the required information 
without error

Á Each earth station receives the bursts from all other earth and must select from 
them the traffic destined only for itself
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SCENARIO ONE 
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Frame Structure 

Á The lengths of each frame is constant normally 125 microseconds,2 ms to 20 ms

Á The frame is formed at the satellite level

Á It consists of all bursts transmitted by the earth stations placed one after the 
other, if transmission synchronization of stations is correct

Á There are two types of bursts present:

Á Those of traffic stationswith a preamble(header) and a traffic field in 
accordance with the capacity of each station

Á Those of reference stations with a header(reference burst) and without a 
traffic field

Á The  reference station is the master station which defines the frame clock by 
transmitting its reference burst; all the network traffic stations must 
synchronise themselves to the reference station by locating their burst with 
a constant delay with respect to the reference burst station, called the 
reference burst
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SCENARIO TWO 
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Anatomy of the TDMA 

bursts
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Á The preamble (reference) burst contains a carrier recovery sequence (CRS) to 
permit synchronization of local oscillators at all receiving stations to the 
received carrier.

Á To permit the detector of the receiving earth station to synchronise its bit 
decision clock , a binary  sequence called BTR, i.e. bit timing recovery is also 
included in the preamble 

Á CRS and BTR are also sometimes collectively called (CBTR)
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Á At end of each reference burst, a unique word (UW) is transmitted. It is binary 
word, a copy of which is stored at each earth station. By comparing the 
incoming bits in a burst with the stored version of the unique word, the receiver 
can detect when a group of received bits matches the UW by means of a 
correlator.This provides earth station an accurate time reference to identify the 
start of burst position in the frame

Á A guard time is a period without transmission necessary between bursts to 
prevent bursts from overlapping and to take account of synchronization 
imperfections
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Example 

Find the period of data 

transmission of each earth 

station per frame



1/29/2009 39NUST-SEECS

Example 
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Reading reference for TDMA

Timothy Pratt Book page  233 to 237

Wayne Tomasi Book page 422-423


