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ABSTRACT 
 
High data rate payload telemetry of Earth Observation missions is classically done in the Earth 
Exploration Satellite (EES) X-band (8025-8400 MHz) with current max data rates about 600 
Mbit/s. While higher frequency bands are often considered to offer higher data rates, this paper 
deals with on-board architectures that would allow data transmission at more than 1 Gbit/s in X-
Band. It presents these new architectures based on spectrally efficient transmission systems and 
on simultaneous bipolarization transmission, their designs and their performances. Variable 
Coding and Modulation techniques are described. Interference between channels in cross-
polarization is also evaluated. 
 
 

INTRODUCTION 
 
Due to the growing concerns of our society in environment, sustainable development, risk 
management, security and defense, the space missions for Earth Observation are booming. They 
are also called upon to carry a growing number of instruments in their payload, whose 
performances are increasing. The challenge in coming years will therefore lie in the ability to 
transmit to ground the huge amounts of data produced by these new space systems. In this 
context, the French Space Agency (CNES), which is a major actor in Earth Observation domain, 
has defined a roadmap for high data rate PayLoad TeleMetry (PLTM). The roadmap aims at 
defining and guiding the development and implementation of future high data rate PLTM systems 
in order to cover short term needs and to coordinate the longer term. Currently, the PLTM 
transmission for the Earth Observation missions is done in the Earth Exploration Satellite (EES) 
X-band (8025-8400 MHz). In the framework of this roadmap, a technological-economic trade-off 
of new transmission concepts has been realized by CNES: X-Band systems performance 
enhancement, new Ka-Band PLTM and new Optical PLTM.  
 
These studies have highlighted the still remaining great potential of the X-band links considering 
the ability to increase the current data rates. Moreover, a lot of agencies and commercial entities 
are still owning X band ground stations with various antenna diameters but already large. The 
comparison between changing the antennas and changing only the IF demodulators is quite easy 
to balance with respect to the upgrade cost. 
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A way of increasing the PLTM data rate in X-band consists in increasing the efficiency of the 
current modulations. Transmission with very high bandwidth efficient modulations (8PSK and 
16APSK) associated to an SRRC (Square Root Raised Cosine) shaping with low roll-off factor 
reduces indeed the emitted signal spectrum occupation. Such modulations and shaping schemes 
coupled with iterative decoding techniques (as the ones used in DVB-S2), would allow data 
transmission at more than 1 Gbit/s while remaining in X-band using two to three channels 
multiplexed in a single polarisation. 
 
Another way is to improve the data transfer volume during the pass via a transformation of 
unused power margin at medium and high ground elevation into an increase of data rate. It needs 
the adaptation of the modulation / channel coding couple in a trade-off between power and 
spectral efficiency that can be done thanks to Variable Coding and Modulation (VCM) technique. 
It would consequently offer a better margin management and thus an on-board power 
optimisation with a scalable and modular design of the transmitter.  
 
An alternative way consists then in increasing the allowable bandwidth by simultaneous 
transmission in the nominal and cross polarisations. Simultaneous bipolarisation would also 
allow to transmit data at more than 1 Gbit/s by doubling the current data rates. New schemes of 
coding and modulations offering very high spectral efficiencies can also be considered with 
bipolarisation in order to reduce congestion and by the way to protect the frequency resource and 
to avoid interference. But of course this implies a low axial ratio for on board antenna and ground 
antenna too as it will be detailed further. 
 
This paper presents these new architectures, their designs and their performances evaluation. The 
use of simultaneous bipolarization is described in the first part, with an evaluation of the 
interference between channels in cross-polarization. The second part deals then with architectures 
implementing very high bandwidth efficient solutions, including VCM techniques. The last part 
provides finally the achievable performance of systems combining spectrally efficient solutions 
and simultaneous bipolarization antenna. 
 
 

1. USE OF SIMULTANEOUS BIPOLARIZATION 
 
This architecture is based on the use of simultaneous bipolarization and on the implementation of 
low-sideband modulation/coding schemes and of a thin sidelobe and high gain mechanically 
pointed satellite antenna, as recommended by the Space Frequency Coordination Group. 
 
Transmitters are currently able to achieve Channel Symbol Rate (Rcs) of 150 MBauds as far as it 
is an actual high value for having all digital Matched Filtering and emitting and receiving 
processing. We remind that it corresponds to a 6.7 ns constellation symbol duration and for 
limited degradation we know that rise and fall time must remain controlled under Tcs/15 so less 
than 445 ps and group delay evolution within  Rcs/2 must remain lower than Tcs/7 so less than 
1 ns in order to limit degradation at high order modulations. Furthermore, the symbol rate should 
be kept reasonable for transition band size reasons in order to limit the power flux densities in the 
neighboring bands. 
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The proposed architecture is thus based on the use of transmitters at 150 MBauds implementing 
SRRC shaping (with a roll-of equal to 0.25) that minimizes the spectral occupation and of a high 
gain directive antenna. As represented in Figure 1 the PLTM chain is constituted by four 
multiplexed channels offering a maximum global data rate of 1400 Mbit/s. To achieve this data 
rate of 1.4 Gbit/s, the proposed equipments have the following characteristics: 
 

 Modulation/coding scheme = CCSDS standardized 4D-8PSK-TCM with code rate of 
10/12 (= 2.5 bits per constellation symbol) concatenated with Reed-Solomon (255, 239) 

 Channel symbol rate, Rcs = 150 MBauds and SRRC shaping with a 0.25 roll-off factor 
 Quasi linear amplification  with 4W RF output power 
 OMUX filtering: two 6 poles – 3 zeros asymmetrical filters with a bandwidth of 150 MHz 
 High gain antenna, associated to a mechanical pointing system, with 2 accesses in 

bipolarization (Right and Left Hand Circular Polarization) and a high cross-polar isolation  
 

OMUX

Test coupler

4D-TCM 5/6 8PSK
150 MBauds

4 W lin.Data at
350 Mb/s X-Band

Transmitter SSPA

4D-TCM 5/6 8PSK
150 MBauds

4 W lin.Data at
350 Mb/s

OMUX4D-TCM 5/6 8PSK
150 MBauds

4 W lin.Data at
350 Mb/s

4D-TCM 5/6 8PSK
150 MBauds

4 W lin.Data at
350 Mb/s

Test coupler

RHCP

LHCP

High Gain Antenna
+

Pointing Mecanism

X-Band
Transmitter SSPA

X-Band
Transmitter SSPA

X-Band
Transmitter SSPA

OMUX

Test coupler

4D-TCM 5/6 8PSK
150 MBauds

4 W lin.Data at
350 Mb/s X-Band

Transmitter SSPAX-Band
Transmitter SSPA

4D-TCM 5/6 8PSK
150 MBauds

4 W lin.Data at
350 Mb/s

OMUX4D-TCM 5/6 8PSK
150 MBauds

4 W lin.Data at
350 Mb/s

4D-TCM 5/6 8PSK
150 MBauds

4 W lin.Data at
350 Mb/s

Test coupler

RHCP

LHCP

High Gain Antenna
+

Pointing Mecanism

X-Band
Transmitter SSPAX-Band
Transmitter SSPA

X-Band
Transmitter SSPAX-Band
Transmitter SSPA

X-Band
Transmitter SSPAX-Band
Transmitter SSPA

 

8025 MHz 8400 MHz

RHCP

LHCP
8025 MHz 8400 MHz8025 MHz 8400 MHz

RHCP

LHCP  
Figure 1: Architecture of an X-Band Telemetry System in simultaneous bipolarization. 

 
Use of simultaneous bipolarisation generates a power leakage between both polarization and 
consequently additional interference in the PLTM system. It requires thus antennas with very 
high cross polar isolation in order to limit this interference. The potential interferences between 
channels transmitting in cross-polarization induce power losses in the link. These losses are 
evaluated in APPENDIX A. Table 1 presents the worst case losses of a transmission in 
bipolarization with the current modulation / coding scheme. 
 

Axial Ratio (dB) 2 1.4 1.3 1 0.9 0.8 0.7 0.6 0.5 
On-Board 

Co/X (dB) 18.8 21.9 22.5 24.8 25.7 26.7 27.9 29.2 30.8

C/I min for on-ground Axial Ratio of 1dB 15.2 17.2 17.5 18.8 19.2 19.7 20.2 20.7 21.3

Worst Case losses 4D-8PSK-TCM 5/6 + RS 3.9 2.1 1.9 1.3 1.2 1.0 0.9 0.8 0.7
Table 1: C/I losses for 4D TCM/8PSK concatenated with RS(255, 239) 

 
As shown in Appendix A, a maximal degradation of 2 dB, due to interference, can be tolerated in 
the design of simultaneous bipolarization systems. Table 1 shows that an axial ratio lower 1.4 dB 
is required to have no more than 2 dB of degradation due to cross-polarization interference for a 
typical X-Band ground station with an axial ratio of 1dB. In those conditions of reception, the 
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cross-polarization isolation of the on-board antenna shall be better than 22 dB to correctly 
transmit in bipolarization a signal having a 4D-8PSK-TCM 5/6 modulation scheme concatenated 
to a Reed-Solomon Code. This requirement can easily be achieved by implementing a Potter 
Horn as depicted in Figure 2. Figure 2 shows also a potential antenna mechanism, which is a 
CNES R&D: the tripod mechanism. 
 
The performance of this architecture (1.4 Gbit/s) is achievable with an Equivalent Isotropic 
Radiated Power (EIRP) of 20 dBW for a classical ground station offering a figure of merit of 31 
dB/K and located in the middle latitudes (cf. APPENDIX B for more details on the link budget). 
 

 

 
Figure 2: Potter Horn and tripod mechanism. 

 
 

2. SPECTRALLY EFFICIENT ARCHITECTURES 
 
This architecture is based on the use of new generation transmitters implementing spectrally 
efficient schemes allowing VCM and SRRC shaping that minimize the spectral occupation with a 
high gain directive antenna, as recommended by the Space Frequency Coordination Group. 
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Figure 3: Spectrally efficient telemetry system offering 1 Gb/s in X-Band. 

 
Let’s continue to assume a Channel Symbol Rate (Rcs) of 150 MBauds as far as it is an actual 
high value for having all digital Matched Filtering and emitting and receiving processing. The 
proposed transmitters have the following characteristics: 
 

 SRRC shaping with a 0.25 roll-off factor 
 Variable Coding and Modulation (VCM) schemes issued from DVB-S2 [3],  
 Pre-distortion for non-linearities, I/Q imbalance and sharp filtering pre-compensation 

(CNES R&D) 
 Symbol rate, Rs = 150 MBauds offering 1020 Mbit/s in 16APSK 8/9 

 
The amplification is based on SSPA offering an output power of 4W RF. Quasi linear 
amplification is required by SRRC shaping and 16APSK modulation. It would be tuned with the 
criteria of limiting the regrowth of the spectral “shoulders” but still keeping the RF/DC power 
efficiency around 25 %. The relative low output power helps then to limit the global consumption 
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and dissipation which is always the drawback for linearity research. The proposed OMUX is also 
composed by a manifold and two 6 poles – 3 zeros asymmetrical filters having a bandwidth of 
150 MHz. The on-board antenna is a high gain antenna associated to a mechanical pointing 
system: Potter Horn (classical space qualified equipment) and tripod mechanism (CNES R&D) as 
depicted in Figure 2. The recommended frequency plan minimizes in-band and out-of-band 
interference. The envisaged central frequencies of the two channels are: F1 = 8112 MHz and F2 
= 8295 MHz 
 
The performance of this architecture (1.02 Gbit/s) is achievable with an Equivalent Isotropic 
Radiated Power (EIRP) of 21.5 dBW for a classical ground station offering a figure of merit of 
31 dB/K and located in the middle latitudes (cf. APPENDIX B for more details on the link 
budget). 
 
Taking into account that the altitudes of LEO satellites vary between 600 and 900 km and by 
averaging among several passes above mid-latitude (between 35 and 55 ° latitude) ground 
stations, it is possible to obtain durations and then a percentage of time of being under a given 
elevation angle. For higher latitude stations, this time distribution is a bit different but the same 
reasoning still remains. By considering the worst case margin evolution, and by using this 
percentage, it is then possible to show the benefits of a VCM strategy and its range 
compensation. 
 
DVB-S2 coding/modulation 8PSK 2/3 8PSK 3/4 8PSK 5/6 
efficiency (bit/channel_symbol) 1.885 2.119 2.381
Es/No for 10^-7 PER 6.8 8.1 9.6
implementation losses 1.9 2 2.1
overall Es/No 8.7 10.1 11.7
delta Es/No or Power 0.0 1.4 2.9
delta margin 0.0 1.9 3.3
percentage of being in this choice 15.0 12.5 20.3
elevation class 5 to 7,5° 7,5 to 10° 10 to 14°
DVB-S2 coding/modulation 16APSK 4/5 16APSK 5/6 16APSK 8/9 
efficiency (bit/channel_symbol) 2.984 3.157 3.418
Es/No for 10^-7 PER 11.2 11.8 13.1
implementation losses 2.6 2.7 2.7
overall Es/No 13.8 14.5 15.8
delta Es/No or Power 5.1 5.8 7.1
delta margin 4.9 6.1 9.3
percentage of being in this choice 14.2 25.0 13.0
elevation class 14 to 17,5° 17,5° to 30° 30 to 90°

Percentage of time being under elevation  and minimum worst 
case margin evolution with respect to ground elevation
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Figure 4: Possible DVB-VCM choice and margin evolution  
  
By using VCM capabilities of DVB-S2 for High rate PLTM [2], it is possible to make a choice 
among the possible couples of coding/modulation so as to keep a global worst case margin as low 
as possible as it can be seen in Figure 4. In fact, VCM allows to switch non useful power margin 
into increased bit rate for the mission profit. If a CCM only scheme was used, the margin would 
ever be far above 1 dB (at 5° elevation), whereas a really better margin management can be 
achieved by using a combination of the modulation and coding rates presented in Figure 4.  
 
If we were using only a CCM scheme, such as 8PSK 2/3 DVB-S2 link for example, the constant 
transmitted rate would be 150*1.88 = 282 Mb/s. Over a mean pass of 420 seconds duration, this 
CCM can then correspond to a 118 Gbit transmitted data content. If we limit ourselves to 
QPSK 7/8 such than the proposed CCSDS LDPC use we only get a 262.5 Mb/s constant rate. 
However, if we consider now the proposed DVB-S2 VCM scheme, by using a combination of 
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the modulation and coding rates presented in Figure 4, we could obtain a mean global transmitted 
rate of 403 Mb/s for the 150 MBauds HDRTM link. Over the same 420 s pass, this VCM 
corresponds to a 169 Gbits transmitted data content so near 1.43 to 1.53 times the classical 
CCM value. 
 
This example proves thus that VCM offers a significantly higher data rate transmission capability 
within the allocated bandwidth by compensating the LEO satellite range evolution. This example 
shows in another way that the use of DVB-S2 VCM capabilities could offer about 2.7 bit/channel 
symbol mean efficiency instead of less than 1.9 bit/channel symbol allowed by a classical CCM 
8PSK 2/3 with the same RF resources (filtering, power amplifier and antenna). The required 
symbol rate to transmit in VCM the same data content as in CCM is therefore about 105 MBauds 
instead of 150MBauds. This huge gain in efficiency (30%) is of great interest for improving the 
X-Band spectral resources use. 
 
 

3. BIPOLARIZATION COMBINED TO SPECTRALLY EFFICIENT SYSTEMS 
 
This architecture combines the use of the same new generation transmitters implementing 
spectrally efficient schemes with VCM and SRRC and the transmission in simultaneous 
bipolarization. 
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Figure 5: Spectrally efficient telemetry system in simultaneous bipolarization. 

 
This architecture is a combination of the both precedent architectures by keeping the best 
characteristics of each one. However, the constraints concerning cross-polarization are increased 
due to the use of higher order modulation (16APSK). Since 2dB of degradation can be tolerated 
in worst case, Table 2 proves that a cross-polar isolation about 27 dB is required to transmit 
simultaneously 16APSK 8/9 signals in bipolarization. 
 

Axial Ratio (dB) 2 1.5 1 0.9 0.8 0.7 0.6 0.5 
On-Board 

Co/X (dB) 18.8 21.3 24.8 25.7 26.7 27.9 29.2 30.8

C/I min for on-ground Axial Ratio of 1dB 15.2 16.8 18.8 19.2 19.7 20.2 20.7 21.3

Worst Case losses 16APSK 8/9 DVB-S2 NA 5.3 2.6 2.3 2.0 1.7 1.5 1.3 
Table 2: C/I losses for several modulations and coding schemes. 
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This architecture can offer a maximum data rate of about 2.04 Gbit/s but requires the bigger 
EIRP: 24 dBW are needed for a classical ground station with a figure of merit (G/T) equal to 31 
dB/K and located in the middle latitudes (cf. APPENDIX B for more details on the link budget). 
Such an EIRP requires a higher gain antenna than in the previous configurations, which could be 
obtained with a small dish antenna instead of Potter horn that would have to be too big.  
 
VCM solutions can allow to still keep a small Potter horn and an EIRP reduced to 20 dBW (cf. 
APPENDIX B). With the time distribution given in Figure 4 and link budgets presented in 
APPENDIX B, the achievable mean data rate would be 1935 Mbit/s 
(=[0.13*414+0.07*447.5+0.3*473.5+0.5*513]*4), which is quite near the preceding maximum 
one of 2.04 Gbit/s in CCM.  
 
We give hereunder in Figure 6 the power flux density of such a maximum X-Band data rate (2.04 
Gbit/s ), obtained with an EIRP of 24 dBW, for various ground station elevations and the 
optimized frequency plan of the previous part. As it can be observed, the spectral limitations in 
the adjacent DSN band can be totally fulfilled. 
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Figure 6: Power flux density with maximum X-Band data rate of 2 Gbit/s. 

 
 

CONCLUSION 
 
Variable Coding and Modulation (VCM) transmission techniques offer a way of adapting the 
transmission parameters to the link conditions and then to take advantage of the natural margin 
existing at high elevation. Compared to Constant Coding and Modulation (CCM), VCM either 
allows a significant data rate increase within the same occupied margin or it alternatively reduces 
the spectral occupation or the required power for the same amount of transmitted data.  
 
Furthermore, the architectures proposed in this paper show the great potential of X-Band 
transmission. This is particularly due to the use of bipolarization and modulations / coding 
schemes with very high spectral efficiency that could be adapted to the elevation thanks to the 
VCM. The X-Band is thus still promising for future Payload Telemetry systems of Low Earth 
Orbiting satellite. New generation equipments, which are currently under development, can easily 
offer more than 1Gbit/s with a maximum about 2 Gbit/s, without interfering with adjacent 
bandwidth such as the Deep Space Network one. 
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APPENDIX A – C/I losses in simultaneous bipolarization 

 
The expression of the polarization attenuation, which represent the ratio between the received 
power (PR) and the maximum power (P0), between two elliptically polarized antenna is given in 
[1] by the following expression: 
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with: r1, the axial ratio of transmitting antenna,  
 r2, the axial ratio of receiving antenna, 
 α, the angle between major axis of polarization ellipsis (°) 
The (+) sign is used when the two antennas have the same sense of rotation and the (-) when the 
sense of rotation is opposite. 
 
The signal to interfering power ratio (C/I) for circularly polarized channels in cross-polarization 
is defined by the ratio of the power received in the same sense of rotation and the power received 
in the opposite sense of rotation. By making the assumption that the signals have the same power 
in both polarizations (same satellite output power and same path losses), the expression of C/I in 
a simultaneous bipolarization transmission is easily deduced from equation (1): 
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with: r1, the axial ratio of transmitting antenna,   
 r2, the axial ratio of receiving antenna, 
 α1, the angle between major axis of polarization ellipsis in the main polarization (°) 
 α2, the angle between major axis of polarization ellipsis in the cross polarization (°) 
 
The C/I ratio is minimum when the received power is minimum in the desired polarization and 
when the interfering power, the power received from the cross polarization is maximum. This 
happen when α1 = 90° and α2 = 0°. 
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Table 3 presents the values of worst case C/I in simultaneous bipolarization for different axial 
ratio of the transmitting and receiving antennas. 
 

Axial 
Ratio (dB) 

2 1.5 1 0.9 0.8 0.7 0.6 0.5 
On-Board 

Co/X (dB) 18.8 21.3 24.8 25.7 26.7 27.9 29.2 30.8

On-Ground 
Axial 

Ratio (dB) 
Co/X (dB) 

C/I min (dB) 

1 24.8 15.2 16.8 18.8 19.2 19.7 20.2 20.7 21.3
0.9 25.7 15.5 17.2 19.2 19.7 20.2 20.7 21.3 21.9

0.8 26.7 15.8 17.5 19.7 20.2 20.7 21.3 21.9 22.5

0.7 27.9 16.2 17.9 20.2 20.7 21.3 21.9 22.5 23.2

0.6 29.2 16.5 18.3 20.7 21.3 21.9 22.5 23.2 24.0

0.5 30.8 16.8 18.8 21.3 21.9 22.5 23.2 24.0 24.8 

C/I for on-ground Axial Ratio of 1 dB
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On-board Axial Ratio (dB)

C/
I (

dB
)

C/I min

C/I max

Table 3: C/I min in simultaneous bipolarization. Figure 7: C/I for 1dB ground Axial Ratio. 
 
Typical X-Band ground stations have axial ratio better than 1 dB. Figure 7 depicts the variations 
of the C/I (min and max) as a function of the on-board axial ratio for a typical on-ground axial 
ratio of 1dB. Figure 7 proves that taking into account minimal C/I for the calculations of the 
losses induced by simultaneous bipolarization is a very worst case consideration, because of the 
big dispersion between the minimal and maximal C/I ratios. Taking this consideration into 
account, the design of bipolarization systems can tolerate up to 2 dB of losses due to cross-
polarization interference, when a worst case design is achieved (i.e. with C/I min). 
 
The degradation of the Signal to Noise power ratio (C/N) due to the C/I can be evaluated with the 
following formulation: 
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As shown in the following formulae, the C/N ratio is equivalent to the energy per channel symbol 
to the noise power density ratio (ES/N0): 
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with: Eb, the energy per bit, ES, the energy per channel symbol,  Rb, the bit rate, RS, the channel 
symbol rate, C, the signal power, N, the noise power, N0, the noise power density in RS, 

 
The losses due to the C/I can thus be evaluated by the following formulae:  

Required0

1-1

Required0







































N

E

I

C

N

E
Losses SS

I
C   (6) 



 10

with: 
Required0








N

ES , the energy per channel symbol to the noise power density ratio that is 

required to achieve the link with the required quality of service (i.e. Bit Error Rate); it 
depends on the modulation and coding schemes and includes the technological losses. 

 
Table 4 presents worst case losses due to the C/I for several on-board axial ratio and various 
typical modulations and coding schemes for a ground station axial ratio equal to 1 dB. 
 

Axial Ratio (dB) 2 1.5 1 0.9 0.8 0.7 0.6 0.5 
On-Board 

Co/X (dB) 18.8 21.3 24.8 25.7 26.7 27.9 29.2 30.8

C/I min for on-ground Axial Ratio of 1dB 15.2 16.8 18.8 19.2 19.7 20.2 20.7 21.3
QPSK 5/6 DVB-S2 0.7 0.5 0.3 0.3 0.3 0.2 0.2 0.2 
8PSK 2/3 DVB-S2 1.1 0.7 0.5 0.4 0.4 0.3 0.3 0.2 
8PSK 5/6 DVB-S2 2.4 1.5 0.9 0.8 0.7 0.6 0.6 0.5 

16APSK 3/4 DVB-S2 3.3 2.0 1.2 1.0 0.9 0.8 0.7 0.6 

Worst case 
losses for 

16APSK 8/9 DVB-S2 NA 5.3 2.6 2.3 2.0 1.7 1.5 1.3 

 4D-8PSK-TCM 5/6 + RS 3.9 2.3 1.3 1.2 1.0 0.9 0.8 0.7

Table 4: C/I losses for several modulations and coding schemes. 
 
 

APPENDIX B – Examples of link budgets for typical ground stations 
 

  Bipolar Monopolar Bipolar Bipolar VCM 

System Parameters  8PSK 
5/6 

16APSK 
8/9 

16APSK 
8/9 

16APSK 
3/4 

16APSK 
4/5 

16APSK 
5/6 

16APSK 
8/9 

Circular orbit radius km 800,0 800,0 800,0 800,0 800,0 800,0 800,0 
Link max frequency MHz 8400,0 8400,0 8400,0 8400,0 8400,0 8400,0 8400,0 
Symbol rate MBauds 150,0 150,0 150,0 150,0 150,0 150,0 150,0 
Spectral efficiency bits/symbol 2,33 3,42 3,42 2,76 2,98 3,16 3,42 
Useful bit rate Mbps 350,0 512,8 512,8 414,2 447,5 473,6 512,8 
Emitter Parameters         
EIRP dBW 20,0 21,5 24,0 20,0 20,0 20,0 20,0 
Propagation         
Free space losses dB 179,8 179,8 179,8 179,8 179,2 179,0 177,3 
Global propagation losses (99% 
availability) dB 2,2 2,2 2,2 2,2 1,5 1,3 0,7 

Ground Station Parameters         
Axial ratio dB 1,0 1,0 1,0 1,0 1,0 1,0 1,0 
Elevation angle ° 5,0 5,0 5,0 5,0 7,0 8,0 14,0 
Figure of merit G/T dB/K 31,0 31,0 31,0 31,0 31,0 31,0 31,0 
Losses dB 0,8 0,8 0,8 0,8 0,8 0,8 0,8 
C/N0 total dBHz 95,5 98,3 98,1 95,5 96,4 96,7 98,1 
Technological losses dB 2,0 2,2 2,2 2,1 2,1 2,2 2,2 
Eb/No calculated dB 8,1 9,0 8,8 7,2 7,8 7,8 8,8 
Eb/N0 required for BER<10^-10 dB 6,8 7,8 7,8 6,0 6,5 6,8 7,8 
Link Margin dB 1,3 1,2 1,0 1,2 1,3 1,0 1,0 

 




