
Reliable  
planning of  
satcom links

Satcom operators and users need connections that are as economical as possible. 

The R&S®SLP satellite link planner provides precise recommendations to help 

convert performance specifications into technical parameters.

Transponder planning and optimization
The R&S®SLP satellite link planner is a software tool for satcom 
analysis and optimization. R&S®SLP assists in system design, 
transmission planning and transponder usage optimization in 
all satcom bands (C, X, K, Ka, etc.). The software takes into 
account all factors that affect link quality. This includes weather 
conditions as well as atmospheric effects and signal degra-
dation due to intermodulation and power losses from various 
causes. All of these factors are accurately modeled, verified 
and calibrated based on measured data from real satellite links.

The link budget – a key element for designing 
satcom connections
Calculation of the link budget is an important task when oper-
ating satellite communications connections. It incorporates 
all factors in the transmission path that strengthen or weaken 

the satellite signal. This includes atmospheric effects such as 
cloud and rain attenuation, as well as absorption by gas mol-
ecules. The technical parameters of the satellite concerned 
(transponder bandwidth, gain and sensitivity) also enter into 
the link budget. The result is a single number for the uplink 
or downlink: the carrier-to-noise ratio (C/N). This value deter-
mines the data rate that can be achieved over the satcom link 
with a specified modulation method. Determining this value 
is a core function of R&S®SLP. In addition to analysis, the soft-
ware recommends specific link parameters for optimal link 
design. It automatically calculates which modulation method 
and which transmit power are the most favorable with regard 
to the framework conditions in order to establish the link with 
minimum resource consumption. This is determined by the 
power consumption of the carrier in the transponder and the 
bandwidth consumption of the connection. Fig. 1 shows how 
various user groups can benefit from R&S®SLP.
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As mentioned above, the link budget includes both the envi-
ronmental parameters of the link and the key data of the 
transmission technology. For consideration of the environ-
mental conditions, the ITU has issued a set of recommenda-
tions that are taken into account in R&S®SLP (Fig. 2).

Ground stations can be classified by various parameters, 
including their antenna gain in the transmit and receive direc-
tions, their equivalent isotropic radiated power (EIRP and their 
output power. The orbit segment is represented by a large 
database of existing satellites, their transponders and foot-
prints, which simplifies link budget calculation particularly for 
transponder lessees.

However, an isolated analysis of the link between the satellite 
and the ground station ignores an important source of inter-
ference: interference from signals of nearby satellites and/or 
ground stations. These external signals can couple significant 
amounts of power into the link and must therefore be taken 
into account, which R&S®SLP does.

Another restriction consists of the frequency- and location-
dependent limits on transmit power density imposed by 
the ITU. These specifications are incorporated in the soft-
ware, which only proposes permissible values for the link 
parameters.

Fig. 3 shows an example link budget calculation for a multi-
carrier scenario, taking the previously described factors into 
account. In a good satellite scenario, all C/N values (dark 
red) are higher than the specified minimum values (target 
C/N in orange). The final C/N value is composed of several 
components.
 ❙ Blue: the C/N value of the uplink, which means from the 
ground station to the satellite

 ❙ Green: the carrier-to-intermodulation (C/IM) ratio is the ratio of 
the carrier power to the distortion power in the transponder

 ❙ Yellow: the C/N value of the downlink, i.e. from the satellite 
transmit antenna to the ground station

Fig. 4 presents a complete numerical overview of the scenario, 
in particular the carrier-referenced power equivalent band-
width (PEB). 

The statistical analyses of bandwidth and power consumption 
immediately show the user which carriers need further opti-
mization. For example, if a carrier has high power consump-
tion but low bandwidth consumption, this tells the user to 
reduce the spectral efficiency of the carrier somewhat, i.e. to 
increase the bandwidth at a constant data rate and to reduce 
the transmission power. This is because the signal bandwidth 
always has a linear effect on the achievable data rate, but the 
transmit power only has a logarithmic effect (Shannon’s defi-
nition of channel capacity).

Target group R&S®SLP application scenario
Satellite operators Specifying the link budget for customers. The link 

budget defines the transmit power and occupied 
bandwidth necessary to fulfill customers data rate 
requirement.

Transponder lessees Lessees of transponder capacity use R&S®SLP to plan 
the ground station parameters necessary for the link, 
such as antenna diameter and transmit power, with 
respect to the available satellite modem and the data 
rate requirement.

Satellite industry and 
decision-makers for the 
construction of communi-
cations satellites

The satellite industry can use R&S®SLP to check the 
suitability of the planned communications  capacity 
(transmission technology in orbit) with respect to 
customer requirements (coverage, data rates, link 
availability).

Frequency regulation 
authorities

R&S®SLP can be used to check satellite links for com-
pliance with frequency coordination criteria. For exam-
ple, this applies to the permissible emitted spectral 
power density in the uplink and downlink.

Parameter / title ITU recommendation

Rainfall rate ITU-R Rec. P. 837-6

Rain height model ITU-R Rec. P. 839-3

Specific attenuation model for rain ITU-R Rec. P. 838-3

Rain attenuation, frequency scaling, scintillation ITU-R Rec. P. 618-10
Attenuation by atmospheric gases /  
Water vapor: surface density and total columnar content

ITU-R P. Rec. 676-9 and  
Rec. P. 836-4

Attenuation due to clouds and fog ITU-R Rec. P. 840-4

Mean surface temperature ITU-R Rec. P. 1510

Topography for Earth-to-space propagation modeling ITU-R Rec. P. 1511

Fig. 1: The R&S®SLP satellite link planner software tool is attractive for 

numerous user groups.

Fig. 2: The ITU recommendations implemented in R&S®SLP to take envi-

ronment factors into account.

Mastering multicarrier scenarios
The ability of R&S®SLP to calculate multicarrier scenarios is 
essential for satcom operators (Fig. 5). This is because the 
carriers in transponders with high carrier density adversely 
influence each other due to parasitic effects such as power 
robbing and intermodulation. Scenario optimization in 
R&S®SLP is able to configure the parameters of each carrier 
so that as many carriers as possible achieve the required data 
rate while consuming the least possible bandwidth and signal 
power. Although the calculation effort rises exponentially with 
an increasing number of carriers, the optimization can still be 
run on standard PC hardware even with multicarrier scenarios.

Satellite communications



Fig. 3: Calculation of all relevant C/N values after analysis of a multicarrier scenario.

Fig. 4: Detailed carrier-referenced analysis.
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Reliable reception is crucial
Ensuring the required link quality is essential for selecting the 
transmission parameters. As mentioned above, weather con-
ditions play a significant role, especially when it comes to 
dimensioning power margins.

Fig. 5: Multicarrier scenarios can be designed and calculated with R&S®SLP.

Fig. 6: The influence of rain on a coverage area, taking into account the technical link parameters (Astra1KR, European Ku band beam).

Fig. 6 visualizes the impact of precipitation on a coverage 
area. The signal attenuation due to rain is shown in the cover-
age area by color-coded highlighting, taking into account the 
framework conditions (frequency, antenna diameter, desired 
availability, etc.). Based on the coverage map, this shows the 
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Fig. 7: IBO/OBO ratios and derived gain versus IBO for a nonlinearized 

TWTA in single-carrier or multicarrier mode.

operator which geographic areas need a higher power mar-
gin. Particularly for mobile satcom terminals on ships, drones, 
aircraft and so on, this is important to ensure uninterrupted 
communications.

The transponder simulation module
In the numerical modeling of real satcom links, the power 
characteristic of the transponder must be incorporated as pre-
cisely as possible. That is the task of the transponder module 
in R&S®SLP. It allows simulation of the power-limiting influ-
ence of the transponder electronics on a carrier, which causes 
degradation of the C/N ratio and capacity losses. This involves 
both linear and nonlinear effects. The linear effects can be 
combined in a transponder frequency response characteris-
tic based on the analog circuit components, in particular the 
IMUX and OMUX filters:
 ❙ Gain flatness [dBpp]
 ❙ Gain slope [dB/MHz]
 ❙ Group delay [ns]
 ❙ Group delay slope [ns/MHz]

Nonlinear distortion results from the traveling wave tube 
amplifiers (TWTA) used in the transponders. The following 
parameters are taken into consideration:
 ❙ AM/AM conversion
 ❙ AM/PM conversion
 ❙ IBO/OBO curve
 ❙ Noise power ratio

R&S®SLP can handle these parameters as follows:
 ❙ Import of IBO/OBO curves as text files (usually only the 
curve shape in single-carrier mode is known)

 ❙ Automatic calculation of multicarrier IBO/OBO curves from 
predefined single-carrier IBO/OBO curves (Fig. 7)

 ❙ Application and visualization of IBO/OBO curves for linear-
ized and nonlinearized tubes

 ❙ Assignment of a desired IBO/OBO curve to a transponder
 ❙ Calculation of IBO/OBO value pairs directly from a given sce-
nario

 ❙ Calculation of linear interference from a given gain slope or 
group delay slope

 ❙ Calculation of intermodulation effects

From the available IBO/OBO curves, R&S®SLP calculates the 
gain of the TWTA for the single-carrier and multicarrier modes 

(bottom chart in Fig. 7). The lower gain in multicarrier mode 
is striking. If no IBO/OBO curve is available, R&S®SLP incor-
porates a set of typical curves for linearized and nonlinearized 
TWTAs. In addition, users can assign a desired IBO/OBO pair 
to each transponder if necessary.
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Parameter Carrier 1 Carrier 2 Carrier 3
TX ground 
station

Amman (57 dBi, 35 dB/K) Riyad (50 dBi, 28 dB/K) Qatar (50 dBi, 28 dB/K)

RX ground 
station

Kuwait (57 dBi, 35 dB/K)
Sharam All Sheikh  
(50 dBi, 28 dB/K)

Kuwait (57 dBi, 35 dB/K)

Modulation DVB-S2 DVB-S2 DVB-S2
Data rate 5 Mbit/s 6 Mbit/s 6 Mbit/s

Fig. 8: The footprint of 

the example scenario.

R&S®SLP satellite link planner in action
The main function of R&S®SLP is transponder optimization. 
The capabilities of the optimization routine are illustrated 
below. For this communications scenario example, we con-
sider the occupancy of a 33 MHz Ku band transponder with a 
footprint covering the Arabian Peninsula (box Q).

Parameter Carrier 1 Carrier 2 Carrier 3
EIRP / baud rate 48 dBW / 5.12 MHz 49.7 dBW / 6.14 MHz 51.5 dBW / 6.14 MHz
Modulation QPSK 1/2 QPSK 1/2 QPSK 1/2

Fig. 9: The settings proposed by the optimization routine with a target specification of 

minimum power consumption.

Fig. 10: Optimization means using resources economically. 

The setting chosen by the optimization routine is closely ori-

ented to the specified minimum C/N value.

R&S®SLP enables optimization of given scenarios with 
respect to various operational criteria. The goal is usually min-
imum PEB consumption, but the optimization goal can also 
be minimum bandwidth consumption. The two examples 
below demonstrate the alternatives. The first optimization 
(box W) has very low power consumption, but the bandwidth 

With this transponder occupancy, the setting yields a bandwidth con-
sumption of 23.5 MHz (about 71 % of the available transponder band-
width at 35 % rolloff)* and a power consumption of 6.3 % referenced 
to the maximum EIRP of approximately 12 dB OBO. That makes the 
scenario layout extremely power efficient, but at the cost of very high 
bandwidth consumption. This imbalance can trigger the optimization 
routine, as can be clearly seen in the second scenario layout.

Q Communications scenario example

W Optimization 1:

Transponder occupancy for minimum power consumption

* Sum of baud rates × 1.35. The factor 1.35 comes from the carrier rolloff factor. A rolloff of 
35 % is a standard satcom assumption.

Satellite communications



Parameter Carrier 1 Carrier 2 Carrier 3
EIRP / baud rate 55.2 dBW / 2.3 MHz 56.9 dBW / 2.76 MHz 58.6 dBW / 2.76 MHz
Modulation 16APSK 3/4 16APSK 3/4 16APSK 3/4

Fig. 11: Higher-order modulation modes are used when the target specification is 

high spectral efficiency.

Fig. 12: Higher-order modulation modes require higher 

C/N values and therefore more power.

ASI  Adjacent satellite interference; signal interference from 
adjacent satellite systems, which means satellite sys-
tems in adjacent orbit positions

DVB-S2  Digital video broadcasting – satellite, version 2; inter-
national transmission standard for satellite signals (not 
only for TV applications)

EIRP  Equivalent isotropic radiated power; a measure of 
power (in watts) that characterizes the radiated signal 
power

IBO/OBO  Input/output (power) backoff; the power or amplitude 
margin of a power amplifier up to the saturated power 
point; also often designated as the operating point of 
the amplifier

IMUX /  
OMUX Input/output multiplexer
Link 
budget  Sum of all amplifying and attenuating factors in the sig-

nal transmission path
PEB  Power equivalent bandwidth; a measure of the power 

or bandwidth consumption of a satcom link
TWTA  Traveling wave tube amplifier; a type of amplifier tube 

often used in communications satellites

With this transponder occupancy, R&S®SLP was able to use all DVB-S2 
modulation modes up to 16APSK 3/4. The given setting yields a band-
width consumption of 7.83 MHz (about 24 %) and a power consump-
tion of 18.2 % referenced to the maximum EIRP of approximately 7 dB 
OBO. If other modulation modes are included in the optimization *, the 
tradeoff between bandwidth and power can be pushed further. In this 
example, the bandwidth consumption drops by about 47 % compared 
with the first example. By contrast, the power consumption rises by 
only about 12 %.

requirements are very high. For the calculation in optimization 
example 2, a low system margin and minimum bandwidth 
consumption were specified as goals for the routine (box E). 
The system margin usually refers to the power margin on the 
ground and in the transponder. If a scenario is very band-
width efficient, this usually is at the cost of the system margin 
because it is typically necessary to use higher-order modula-
tion methods such as 8PSK, 16APSK or 32APSK. These often 
require more transmit power in the uplink and downlink to 
achieve a specific data rate.

Dr. Marco Krondorf

E Optimization 2:

Transponder occupancy for high spectral efficiency

* R&S®SLP incorporates various DVB-S2 modem types – those that support all modulation modes and those that support only a subset. To save on license 
costs, satcom operators often buy modems that only support a limited number of modulation modes, such as QPSK and 8PSK. R&S®SLP responds to this 
market situation by offering suitable options.
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