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Abstract 
 

Actual Ka-band SATCOM systems provide wide-band 

access to users located in areas unserved or underserved by 

the terrestrial infrastructure. The rapid development of 

terrestrial systems is pushing SATCOM companies to 

assess the exploitation of higher frequency bands (Q/V and 

maybe W) where larger bandwidths are available. This 

contribution proposes a possible configuration of a 

SATCOM system with European coverage featuring feeder 

link operation in the V-band. A time-series synthesizer has 

been used to model the propagation impairments produced 

by rain, whereas clear-sky attenuation is calculated by 

standard ITU-R formulas. A space diversity configuration 

of 18+2 gateways (including a clustered version made of 

two 9+1 sub-systems) would provide capacity values five 

times higher than actual Ka-band satellites, requiring an 

additional power margin against rain fades around 9-12 dB. 

 

1. Introduction 
 

Future generation satellite telecommunication systems 

should provide terabit capacity to compete with the 

terrestrial network service. The arrangement is constituted 

by one or two satellites serving wide areas as Europe with 

hundreds of beams and connected to the Internet backbone 

fiber optic network through a large number of gateways. 

The terrestrial network is in fact unbeatable in offering 

extra low cost per bit and extra wide bandwidth service 

directly to the end user in dense populated areas, whereas 

it is not as effective when users, although in a large number, 

are sparsely distributed over a wide region. 

The need to maintain the service cost competitive to 

ground-based solutions while assuring the full coverage of 

a wide area pushes the satellite system designers to analyze 

aggressive solutions that inevitably require the use of very 

high frequency carriers in order to increase the available 

bandwidth. Table 1 lists the spectral windows available in 

Europe for fixed satellite services in the microwave region 

[1]. 

Today, it is also taken in due account the possibility to 

make use of optical carriers to connect the satellite to the 

fiber optic backbone through a network of gateways 

purposely distributed within the service area. 

Higher frequencies mean greater impairments suffered 

from the radiowaves in their way through the atmosphere. 

Hence, more sophisticated Propagation Impairments 

Mitigation Techniques (PIMT) must be applied to make the 

system fulfilling the requested performances and Quality 

of Service (QoS). Link power control, large-scale diversity, 

on-board reconfigurable antenna pattern, and Automatic 

Coding and Modulation techniques (ACM) are a list of 

nowadays-considered PIMTs. 

 

Table 1 Frequency allocation for fixed satellite services 

in Europe [1]. 

Band  Link Range (GHz) Notes 

Ka  Uplink 29.5-30 (excl.) 

27.5-29.5 (shared) 

24.75-25.25 

(shared) 

3 GHz with 

restrictions 

Ka Downlink 19.7-20.2 (exc.) 

17.3-19.7 (shared) 

21.4-22 (shared) 

3 GHz with 

restrictions 

Q/V Uplink 42.5-43.5 (shared) 

47.2-50.2(shared) 

50.4-51.4 (shared) 

5 GHz with 

restrictions 

Q/V Downlink 37.5-39.5(shared) 

40.5-42.5 (shared) 

4 GHz with 

restrictions 

W Uplink  81-86 (excl.) 5 GHz no 

restrictions 

W Downlink  71-76 (excl.) 5 GHz no 

restrictions 

 

2. Atmospheric Impairments 

 
Among the different fade contributions considered in the 

link budget computation, some are deterministic while 

others are of statistical nature and are basically produced 

by the interaction of the electromagnetic wave with the 

troposphere, i.e. the lower part of the Earth atmosphere that 

extends up to about 30 km above ground. 

These contributions are strongly frequency and site 

dependent and are usually inferred by prediction methods 

like the ones recommended by the International 

Telecommunication Union (ITU) [2]. They are due to the 

gases in the atmosphere (oxygen and water vapor) because 

of molecular resonant effects, to clouds because of the 

absorption by the very small, suspended water and ice 



particles and to rain, because of both absorption and 

scattering by the large non-spherical raindrops. Finally, a 

marginal attenuation contribution is associated to the signal 

scintillations caused by the atmospheric turbulence both in 

rainy and non-rainy conditions.  

In the frequency bands proposed for future high-throughput 

SATCOM, i.e. Q/V and maybe W [3], rain produces the 

strongest signal attenuation. Specifically, at 50 GHz (V-

band) rain attenuation is in the range of 13 to 29 dB 

depending on the site at 99.9% link availability and 7-16 

dB at 99.7% (see Figure 1 for different locations in 

Europe). The above time percentages are the typical 

availability levels required by feeder (i.e. gateway-to-

satellite) link operation. 

Attenuation in non-rainy atmosphere (gases and clouds) is 

relevant at V-band. However, this contribution exhibits a 

variability in time not as dramatic as the one due to rain. 

Here it is assumed to a first approximation and for sake of 

simplicity that they are compensated by a static extra 

margin plus the link power control. 

Table 2 provides an estimate of the different attenuation 

contributions along a 50 GHz Earth-to-GEO satellite path, 

in a number of locations within the European service area. 

The attenuation components in non-rainy conditions have 

been calculated through ITU-R 618-10, at the reference 

probability level corresponding to the occurrence of rain 

indicated as P0 in the table. Not listed is the attenuation 

term due to scintillations that provides a negligible 

contribution (in the order of 0.2-0.4 dB). 

 

3. Smart Gateway Diversity 
 

Table 2 highlights that the extra power margins necessary 

to achieve typical feeder link availabilities of 99.7 or 99.9% 

would be unbearable at V-band. In such a context, a PIMT 

based on space diversity and implemented through a Smart 

Gateway Network (SGN) arrangement would provide a 

powerful solution [4]. In the simplest SGN scheme, named 

N+P, the user beam traffic is supported by N operational 

gateways, each user beam being served by a single 

gateway, while P is the number of back-up gateways. 

When an active gateway link is faded by rain, one among 

the redundant gateways replaces it. The higher the distance 

among gateways, the lower the probability that two or more 

links are simultaneously faded, that is, the more efficient is 

spatial diversity. The gateways are interconnected through 

fiber optic to the control center that performs the gateway 

switching operation and optimizes the handover process. 

As the P<N back-up gateways are shared by all the user 

beams, N+P reduces the number of gateways, hence the 

cost of the ground segment with respect to conventional 

single site diversity, where each gateway is backed-up by 

an idle gateway located in the same feeder beam (N=P). 

 

 

Figure 1. Complementary cumulative distribution function 

of rain attenuation at V-band along a GEO satellite path for 

20 European sites. Satellite location: 9°E. 

 

Table 2 Coordinates and V-band attenuation components for several European sites. Satellite position: 9°E. 

Site Lat. 

(deg) 

Lon. 

(deg) 

Alt.  

(m) 

P0  

(%) 

Gases 

(dB) 

Clouds 

(dB) 

All but rain 

(dB) 

Rain 0.3% 

(dB) 

Rain 0.1% 

(dB) 

Helsinki 60.1697 24.9383 5 3.55 5.4 4.2 9.7 10.1 19.1 

Berlin 52.5192 13.4058 48 3.43 3.8 3.2 6.9 9.0 17.0 

Cork 51.8967 -8.4861 20 7.85 3.8 3.0 6.8 13.8 22.3 

Trieste 45.6494 13.7778 28 6.51 3.1 1.4 4.6. 16.1 28.9 

Athens 37.9836 23.7292 75 3.85 2.6 1.2 3.8 9.0 17.5 

Cyprus 35.1264 33.4297 122 1.47 2.7 1.3 4.0 9.7 24.7 

Turin 45.0628 7.6783 235 5.98 3.0 1.5 4.5 13.9 25.5 

Paris 48.8564 2.3522 48 4.68 3.3 2.6 5.9 10.1 18.0 

Madrid 40.4167 -3.7036 655 2.98 2.4 1.3 3.7 6.7 13.1 

Cagliari 39.2236 9.1217 46 1.94 2.6 1.7 4.3 6.6 14.7 

Copenhagen 55.6761 12.5683 7 4.75 4.1 3.0 7.2 11.3 20.3 

Amsterdam 52.3570 4.9501 0 5.29 3.7 2.7 6.4 10.8 18.8 

Warsaw 52.2370 21.0175 111 3.22 3.9 3.8 7.7 9.6 18.9 

Frankfurt 50.1109 8.6821 107 4.97 3.4 2.3 5.7 11.0 20.0 

Prague 50.0905 14.4010 256 4.06 3.4 2.6 6.0 10.1 19.3 

Basel 47.5584 7.5733 279 7.47 3.1 1.5 4.6 13.5 23.7 

Salzburg 47.7994 13.0440 435 6.13 3.0 1.7 4.7 13.2 23.8 

Barcelona 41.3902 2.1540 36 3.66 2.9 1.4 4.3 12.0 23.6 

Rome 41.9058 12.4622 18 3.78 2.8 1.6 4.4 13.3 26.5 

Budapest 47.5069 19.0458 106 3.40 3.3 2.7 6.0 9.9 19.3 

 



As an example, let us consider a simple N+P gateway 

system at V-band that supports a one-way capacity Ctot  (in 

bit/s) to the user beams operating at Ka-band. The number 

of user beams is 
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(1). 

where F is the frequency reuse factor, Np is the number of 

polarizations, B is the bandwidth per beam and S is the 

spectral efficiency of the modulation code used. With 

B=0.5 GHz in the Ka-band, Np =2, S=3.433 (i.e. 32 APSK 

5/6), and F=4, and assuming a two-way 500 Gbit/s target 

capacity (which is about five times as much as the one of 

the actual generation of high-throughput satellites as 

Eutelsat KA-SAT or Hughes Echostar XVII), we get 

NUB=291. As the feeder-link capacity must equal the one of 

the user-link, we get  

 

 �×� = ���×��� (2). 

where C and CUB are the capacity per gateway and per user 

beam, respectively. At least 4 GHz bandwidth per gateway 

would be in principle available at Q/V-band in Europe. 

Hence, applying (1) to the feeder link (B=4 GHz, Np =1, 

F=1, S=3.433), we get N=18. Hence, each gateway would 

serve 16 user beams. 

Finally, we quantified the number P of redundant gateways 

by the simulation tool described in [5]. Indeed, the Multi-

site Time series Synthesizer (MTS) is a very powerful tool 

that is able to generate simultaneous time series of rain 

attenuation at 1 sample/s rate for any given number of 

locations, taking in due account the spatial and temporal 

correlation of rain. The results are discussed in the 

following section. 

 

4. Results 
 

Two configurations have been simulated and analyzed: the 

18-gateway system as a whole and a clustered system made 

of two independent subsystems of 9 gateways each (see 

Figure 2). The clustered configuration decreases the cost of 

the ground segment as the number of high-speed 

connections among the gateways is reduced. Moreover, the 

gateway stations of each cluster can be deployed at a larger 

distance, hence increasing the effectiveness of space 

diversity. On the other side, the drawback of clustering is 

the decrease of system robustness against rain fades, as a 

back-up gateway cannot be shared by the entire system but 

only by the corresponding cluster. Therefore, it is expected 

that the required link margins for a given availability are 

higher for clustered configurations. 

Figure 3 shows the curves of the margin required for 

counteracting rain attenuation as a function of system 

availability (in percent of an average year), as estimated by 

the MTS. The two dotted curves highlight that a 9-gateway 

V-band cluster would prompt for unfeasible margins when 

simultaneous operation of all the component gateways is 

required during 99.7% or 99.9% of time. Adding one 

station (hence P=1) to each cluster and implementing a 9+1 

diversity scheme drastically improves system robustness to 

rain fades. In fact, the 99.9% availability margin required 

by cluster C1 (green markers in Figure 2) and C2 (yellow 

markers) in 9+1 diversity would be 10.1 and 12.4 dB, 

respectively. If an un-clustered configuration (18+2) is 

considered (black curve), the margin reduces to 9.3 dB, 

with a 3 dB gain over the worst cluster. However, if the 

gateway sets in C1 and C2 were optimized to achieve 

similar margins, the gain of 18+2 would decrease. Finally, 

the 19+1 scheme (blue) shows that an extra operational 

station is obtained at the cost of an increased 17 dB margin 

required for each station. 

 

 

Figure 2. Gateways position of a N+P diversity system 

(N=18, P=2). Two 9+1 possible clusters are evidenced 

(green and yellow placemarks, respectively). 

 

 

Figure 3. Additional link margin required to achieve the 

system avialability (y-axis) for different schemes 

supporting smart gateway diversity.  

 

The advantage of generating joint time series is that second 

order statistics can be calculated. This is important for the 

design process as fade duration and fade slope knowledge 

are crucial to set-up the algorithms carrying out gateway 

handover. Figure 4 shows the yearly number of fades 

exceeding given durations when the power margin 



corresponding to 99.9% availability is added. The figure is 

relative to C2 and 9+1 diversity. Note that the number of 

fades is site-dependent (whereas the relative occurrence is 

not). The “system curve” has been built by counting the 

fades on the time series corresponding to the worst but one 

attenuation value among the 10 gateways of C2.  

 

 

Figure 4. Distribution of the number of yearly fades 

exceeding a 12.4 dB depth (corresponding to 99.9% 

availability) for the cluster C2. 

 

5. Conclusions 
 

The trend towards higher-date rates suggests to explore the 

Q/V (and possibly W) spectrum for feeder link operation in 

future high-throughput GEO satellites, where higher 

bandwidths are available, whist allocating the entire Ka-

band spectrum to the user beams. At such high-frequencies 

rain fade mitigation by spatial diversity techniques is 

mandatory. By straightforward calculations and a 

purposely-developed simulation tool, we have evaluated 

the effectiveness of V-band gateway operation. We have 

shown that a network of 18 operational gateways and two 

redundant ones clustered in two 9+1 subsystems would 

achieve a 0.5 Terabit/s feeder link capacity with an extra 

margin against rain that is around 12.4 dB (for the worst 

cluster in terms of channel conditions). The un-clustered 

scheme (18+2) needs a 9.3 dB margin, but it implies higher 

costs for gateway connection. Path attenuation in the 

absence of rain has been quantified as well by ITU-R 

models. Gases and clouds contributions can be relevant at 

V-band and should be counteracted as well by adding a 

static margin and link power control. Smart gateway 

assessment at W-band should take into account also cloud 

contribution, which is larger than at V-band. To this aim, 

the simulation tool will be upgraded to superimpose time 

series of rainy and non-rainy components.  
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