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1  EX E C U T I V E  SU M M A R Y  
This deliverable, entitled “Comparative system evaluation and scenario-technique selection” is the 
outcome of task 3.4 “System Evaluation and Selection.” Based on design and adaptation of the 
techniques identified in WP3, and summarized in D3.3, this document focuses on the integration and 
assessment at system level of these techniques. In particular, a comparative analysis is performed, 
which allows to map the techniques to the considered scenarios (A, B, and C). The comparative 
analysis is performed taking into account system requirements, incumbent users’ protection, 
implementation complexity, and commercial impact. The most promising scenario-technique 
mappings are then selected for the demonstration of the CoRaSat system that will be performed in 
WP4, “CoRaSat Test and Demonstration”. 

The cognitive techniques detailed in D3.3 are adapted to the CoRaSat system context and to the 
specific requirements that a practical implementation of an FSS two-way satellite system entails. 
These techniques are systematically reviewed and the implementation in the CoRaSat system 
context is described and elaborated. The overall end-to-end system context procedures are reviewed 
and the application of the cognitive techniques from D3.3 is assessed and included in updated system 
procedures. Operational aspects are also taken into account in view of the required adaptations of the 
FSS system, so as to include the proposed cognitive techniques in the overall system design and 
operation. 

The system level gain is evaluated for a defined practical reference satellite system that uses the 
proposed Ka-band extended frequencies of scenario A, B, and C, also exploiting the proposed 
frequency bands. The overall gain and benefits for the FSS system are assessed and the 
implementation aspects treated. Moreover, an area analysis is presented for scenarios A and B, which 
shows that the areas across Europe in which interference from FS requires additional mitigation 
techniques to be adopted is less than 5% of the total coverage. 

The combination of the technical adaptation and the evaluation of the system level gains and benefits 
described above shows that the proposed FSS usage of the frequency bands from scenario A [17.3-
17.7] GHz and B [17.7-19.7] GHz provides no risk to the incumbent users and can support a 
substantial increase from 3.6 to 4 times in capacity of the Ka-band downlink broadband 
network thanks to the introduction of well-developed enabling cognitive techniques without 
assuming any cooperation from incumbent user networks.  

In this document, we thus demonstrate that for scenarios A and B the benefits significantly 
outweigh any identified drawback for the exploitation of non-exclusive bands by FSS cognitive 
systems and that the use of databases plus carrier allocation supported by SINR-based sensing, where 
needed, is an adequate technology to allow system operations in non-exclusive frequency bands. 

Scenario C, in the [27.5-29.5] GHz band, is also taken into account for the overall cognitive FSS 
broadband network by assessing and adapting cognitive techniques that aim at managing and limiting 
the potential interference generated towards incumbent FS systems. By assuming an up-to-date 
database for the [27.5-29.5] GHz band, it is proposed to deploy a network of FSS terminals in this 
band with frequency and power management to keep the interference level below pre-defined 
limitations. The evaluation performed in scenario C is limited to countries with few FS interferers and 
for limited beams. In this context, it is demonstrated that significant capacity increases, approaching 
4 times that of a Ka-band broadband network, can be obtained. However, it is worthwhile 
highlighting that more evaluations for countries with denser FS deployment should be performed in 
the future. 
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2  SC O P E  A N D  ST R U C T U R E  O F  T H E  DO C U M E N T 
The present document summarizes the activities performed for the adaptation of the technologies 
investigated in the context of WP3 to the CoRaSat scenarios as defined in WP2. This analysis allowed 
to select the most promising scenario-technique combinations, which will be demonstrated by means 
of a test-bed implementation in WP4. The techniques presented in D3.3 are first reviewed in the 
context of an end-to-end satellite system. Moreover, the framework conditions for each of the 
considered scenarios (A, B, and C) are reviewed and assessed. Then, the techniques studied in D3.2 
and their preliminary adaptation in D3.3 are furtherly elaborated and mapped to the system context. 
All of the needed evaluation aspects for assessing the end-to-end system performance are taken into 
account in the form of specific key performance indicators. In particular, system requirements, 
incumbent users’ protection, implementation complexity, and commercial impact are considered. 
Moreover, regulatory aspects are fully considered as well as the implementation considerations. For 
each of these aspects, the studied techniques are discussed in the context of the different scenarios A, 
B, and C, reviewed and then categorized. The most promising techniques are then identified for each 
of the considered scenario, serving as basis for the demonstration activities to be performed in WP4. 

Furthermore, a comparative end-to-end system evaluation is performed, which assesses the key 
requirements of the main building blocks of the end-to-end system for a cognitive user in the defined 
spectrum bands for scenarios A, B, and C. 

The remainder of this document is organized as follows. 

Chapter 3 outlines the study methodology employed to assess the system level gain of the different 
cognitive techniques that were described in D3.3. 

Chapter 4 provides updates on the interference maps for scenarios A and B in several EU countries 
(i.e., UK, France, Poland, Hungary, and Slovenia) and exploits them to improve the area analysis in 
which further mitigation techniques would be required. Higher resolution maps are also provided for 
some countries. The results specific to scenario C are also provided. The cognitive techniques 
identified in D3.3 are applied to this scenario and the feasibility of their implementation in this context 
is analyzed.  

Chapter 5 outlines a reference system concept for an end-to-end broadband service via satellite, 
making use of the frequency bands selected for this study. System aspects are detained and the usage 
of non-exclusive frequency bands is included as additional resource in the end-to-end system outline. 

Chapter 6 outlines the adapted cognitive techniques. This includes all down-selected and adapted 
techniques for usage in this context as studied within D3.2 and D3.3. The adaptation of the techniques 
is discussed and the integration of the techniques to the different system contexts is outlined. The 
system subcomponents that include the adapted techniques are also described and the impact of the 
operation of a shared frequency band on the system functions is analyzed. The gain evaluations for the 
adapted techniques are presented in this chapter, as well. 

Chapter 7 describes the comparative system evaluation. The comparison of the proposed end-to-end 
system as described in Chapter 5 to a reference system with similar state-of-the-art techniques with 
access to exclusive only satellite Ka-band is studied. Based on the previous techniques evaluations, the 
system level gains are presented and the most promising scenario-technique combinations are selected 
for demonstration in WP4.  
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3  ME T H O D O L O G Y  F O L L O W E D  I N  D3.4  
This deliverable aims at integrating the different cognitive technology concepts into an overall system 
definition and second at evaluating the capacity of the end-to-end system gains in the context of the 
additional cognitive techniques for a reference system. These analyses allow to compare the cognitive 
technologies studied in D3.2 and D3.3, [1]-[2], and adapted in the present document, and select the 
most promising for each of the considered scenarios (A, B, and C) that will be demonstrated in WP4. 

Based on the results outlined in tasks 3.2 and 3.3 and the adapted cognitive techniques, D3.4 focuses 
on the technology review and their related assessment. The key performance indicators per technology 
that were reviewed on a technology basis and that were addressed during D3.3 are reviewed at system 
level in this document.  

 
Figure 3.1 - High level methodology for the elaboration of the system level impact for the techniques selected in 

D3.3. 

We define a reference system that uses the defined frequency bands over a selected coverage area. 
Based on the available data, the baseline areas considered in this work are France and the UK for 
scenarios A and B and Finland for scenario C. The evaluation of the overall system gain is then 
performed on the basis of this overall system under the assumption of spectral availability for the 
different scenarios A, B, and C. An overall average efficiency delta is computed to assess the benefit 
of making the non-exclusive bands available to satellite systems and how the system performance can 
be improved with additional access to these bands. 

For this reference system, we base our study on both a near and a future satellite system. An 
assessment is performed on the basis of a system gain and cost impact for both near term and next 
generation satellite systems considering the introduction of the non-exclusive frequency bands. Based 
on the models for near- and long-term satellite systems, it is also necessary to assume an end-to-end 
network and service, as well as terminal locations. With this information, we can model the efficiency 
achieved for each terminal and apply the proposed cognitive techniques as defined and adapted in 
D3.3 to the considered reference model, so as to perform the overall efficiency gain assessment. This 
methodology is shown in Fig. 3.1. 

With the definition of reference FSS systems for a given coverage area and the related noise floor 
contours and terminal locations, we can deduce the overall system gain that can be achieved with the 
addition of the scenarios A, B, and C spectrum to the reference systems capacity as depicted in Fig. 
3.2. This leads to the system gain evaluation of the additional spectral resources compared to different 
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scenarios or levels of FSS terminal deployments. Furthermore, a cost/benefit analysis is elaborated 
based on the results of the first part of this document, in order to assess the costs delta to the FSS end-
to-end system, as well as the second part that quantifies the overall system gains per technique. 

 
Figure 3.2 - System gain evaluation methodology. 

For the evaluation of the area analysis we have taken the interference maps generated for each country 
and calculated the area as a percentage of the landmass in which the interference is above the 
threshold. This enables us to determine an approximate White Space area in which no barrier to the 
FSS use is encountered. 

With respect to the cost/benefit analysis, we rely on the evaluation of both system gains and required 
additional system changes, which allow us to evaluate the cost/benefit context and conclude on the 
commercial impact of the considered techniques for broadband FSS systems. 

 
Figure 3.3 - Methodology for the elaboration of the cost/benefit conclusions for the retained techniques. 

The methodology for the cost/benefit analysis is shown in Fig. 3.3. 
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4  UP D A T E D  EV A L U A T I O N  RE S U L T S  

 Additional Results for Scenario B 4.1
In this section, further results for scenario B, with respect to those presented already in D3.3, are 
provided. As detailed in D3.2 and D3.3, the nominal interference threshold for an FSS receiver was 
based on the long-term interference that is set at 10 dB below the noise floor, as we expect ACM to 
handle short-term impairments. Interference has been normalized to a power spectral density basis in 1 
MHz of bandwidth. Based upon ITU Radio Regulations Appendix 7, [3], and ITU-R Recommendation 
F.758-5, [4], the nominal interference threshold is therefore -154.5 dBW/MHz.  

Some results on the computation of the interference generated towards the FSS system by FS links 
have been presented in D3.3. 

In addition to these, further computations and example analysis cases have been performed and are 
presented here for key cases with more details given in Annex A. 

4.1.1 Databases and Parameters 

As highlighted in D3.3, FS databases at 18 GHz (17.7 to 19.7 GHz) are required to evaluate the 
interference. An up-to-date FS database was made available to this project (under the UK Freedom of 
Information Act) by Ofcom UK. This database provided data for UK FS systems in the band 17.7 to 
19.7 GHz and contains 15,036 carrier records. A French database has also been examined at 18 GHz 
and is based on the latest ITU terrestrial services BR IFIC database, [5], which contains 16,136 carrier 
records. Similar data for Hungary and Slovenia have been obtained from the same source and contain 
2,402 and 1,237 carrier records, respectively. Moreover, data at 18 GHz for Poland was obtained 
which is more up to date than the BR IFIC data and contains 8,323 carrier records [6]. 

The calculated density of the links is given in Table 1 in terms of square kilometers per link. 
Table 1 - Density of FS links. 

Country	   FS	  Link	   area	   sq	  km	  

	  

records	   sq	  km	   per	  link	  

UK	   15,036	   243,610	   16.2	  

FRANCE	   16,136	   551,695	   34.2	  

POLAND	   8,323	   312,679	   37.6	  

HUNGARY	   2,402	   93,030	   38.7	  

SLOVENIA	   1,237	   20,273	   16.4	  

For the five countries under consideration, calculations were performed over a grid of points per 
region as depicted in Table 2. 

Due to computing time constraints, most regions were processed on a 0.1 x 0.1 degree grid (latitude 
and longitude) of test points where a FSS terminal could be located. For Hungary and Slovenia a 0.02 
x 0.02 degree grid was also adopted. One case for the UK was also produced on this finer grid. 

Recommendation ITU-R P.452-15, [7], covers a wide range of propagation conditions. For our 
analysis propagation effects include where appropriate: 

Line of sight, diffraction, tropospheric scatter, surface ducting and anomalous propagation 
(ducting and layer reflection/refraction).  



ICT−316779	  CoRaSat	   Deliverable	  D3.4 

Release	  01.00	  (Final	  version)	   pag.	  10	  of	  115 

For the purposes of the terrestrial propagation modelling hydrometeor scattering is neglected as it has 
a very low probability of occurrence, [8]-[10]. 

Table 2 - Summary of the conducted analyses. 

 

 
Figure 4.1 - Analysis Areas. 

The FSS terminal parameters adopted for the analysis are listed in Table 3 and With respect to the FSS 
receive antenna radiation pattern, the ITU-R Recommendation S.465-6, [11], has been universally 
adopted for modeling purposes. 

Furthermore, as for the FS parameters, most of these are contained in the databases. For the antenna 
radiation pattern, the ITU-R Recommendation F. 699-7, [12], has been universally adopted in the 
modeling. A height of 15 m altitude above ground (AGL) was adopted as the worst case based upon 
the UK planning permission guidelines, [10]. 

Table 4. A height of 15m altitude above ground (AGL) was adopted as the worst case based upon the 
UK planning permission guidelines, [10]. 

Table 3 - FSS Receive Terminal Parameters. 

Antenna	  diameter	  	   0.75	   m	  

antenna	  gain	  	   42.1	   dBi	  

Noise	  Figure	   2.0	   dB	  

LNA	  Noise	  temp	  	   170	   K	  

Antenna	  noise	  	   78	   K	  

Sat	  

Long	   RESOLUTION	   UK	   FRANCE	   POLAND	   HUNGARY	   SLOVENIA	  

53	  E	   0.1	  x	  0.1	  deg	   X	   X	   X	   X	   X	  

13	  E	   0.1	  x	  0.1	  deg	   X	   X	   X	   X	   X	  

0	  E	   0.1	  x	  0.1	  deg	   X	   -‐-‐-‐	   -‐-‐-‐	   -‐-‐-‐	   -‐-‐-‐	  

34	  W	   0.1	  x	  0.1	  deg	   X	   -‐-‐-‐	   -‐-‐-‐	   -‐-‐-‐	   -‐-‐-‐	  

53	  E	   0.02	  x	  0.02	  deg -‐-‐-‐ -‐-‐-‐ -‐-‐-‐	   X	   X	  

13	  E	   0.02	  	  x	  0.02	  deg X -‐-‐-‐ -‐-‐-‐ X	   X	  

0	  E	   0.02	  	  x	  0.02	  deg -‐-‐-‐ -‐-‐-‐ -‐-‐-‐ -‐-‐-‐	   -‐-‐-‐	  

34	  W	   0.02	  	  x	  0.02	  deg -‐-‐-‐ -‐-‐-‐ -‐-‐-‐ -‐-‐-‐	   -‐-‐-‐	  
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pointing	  loss	  	   0.30	   dBi	  

Total	  system	  noise	  temp	  	   262	   K	  

nominal	  G/T	  	   17.3	   dB/K	  

With respect to the FSS receive antenna radiation pattern, the ITU-R Recommendation S.465-6, [11], 
has been universally adopted for modeling purposes. 

Furthermore, as for the FS parameters, most of these are contained in the databases. For the antenna 
radiation pattern, the ITU-R Recommendation F. 699-7, [12], has been universally adopted in the 
modeling. A height of 15 m altitude above ground (AGL) was adopted as the worst case based upon 
the UK planning permission guidelines, [10]. 

Table 4 - Other Key FSS Parameters. 

FSS	  satellite	  longitude	  	   53	   Deg	  E	  

FSS	  terminal	  height	  AGL	   15	   m	  

Nominal	  FSS	  Elevation	  Angle	   13	   Deg	  

Nominal	  FSS	  Azimuth	  ETN	   120	   Deg	  

4.1.2 Interference Results 

4.1.2.1 Impact of considering diffraction 

Several computations were performed to assess the impact of including diffraction modelling. For this 
analysis, the results for chosen sites in the UK were analyzed when using: a) Line of Sight (LOS) 
propagation only; and b) the full long-term interference model of ITU-R P.452-15 [13]. 

Fig. 4.2 provides the power spectral density in dBW/MHz of interferers at a chosen site when 
calculated with a LOS model only. It can be noticed that there are many interferers that exceed -160 
dBW/MHz. Fig. 4.3 presents results for the same site when the diffraction modelling is included. 

 
Figure 4.2 - Interference Spectrum at a given site (LOS: no diffraction). 

Calculations were also performed in order to assess the impact on a wider scale. In this case, a range 
of FSS terminal locations from 8 degrees West to 2 degrees East at a longitude of 51.5 degrees North 
were used to assess the impact. The results are presented in Fig. 4.4, where the number of FS links that 
would interfere (at -154 dBW/MHz interference threshold) for each location is shown. It can be 
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noticed that the influence of the diffraction model is significant and for the more serious levels of 
interference the ratio of interfering links is of the order of 4.5:1. 
 

 
Figure 4.3 - Interference Spectrum at the same site with diffraction modeling. 

 
Figure 4.4 - Number of links interfering (with and without terrain effects). 

4.1.2.2 Impact of FSS Satellite Longitude 

Calculations have also been performed to assess the impact of the FSS antenna pointing to the satellite 
when the latter varies from 53E, 13E, 0E and 34W degrees longitude. Again, a range of FSS terminal 
locations from 8 degrees West to 2 degrees East at a longitude of 51.5 degrees North were used to 
assess the impact. 

Fig. 4.5 shows the number of FS interferers for four different satellite locations (longitude), while Fig. 
4.6 depicts the total bandwidth occupied by FS interferers for the same cases. 
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Figure 4.5 – Number of FS interferers for different satellite locations (longitude). 

 
Figure 4.6 - Total Bandwidth occupied by FS interferers for different satellite locations (longitude). 

From these figures, it can be concluded that the assumption that the 53E longitude satellite represents 
the worst case scenario is validated. 

4.1.2.3 Area Analysis of the FS interference 

By analysing the interference results for the five databases presented earlier it is possible to get a more 
detailed insight on FS interference for scenario B. The analysis was conducted over the regions shown 
in Fig. 4.1 with the full diffraction model and statistics were obtained from the results. In order to 
perform a fair comparison between the considered countries, only the results for test point located over 
land were included. The first set of statistics we present is the cummulative distribution function 
(CDF) of the number of interefering signals that exceed the -154 dBW/MHz threshold at each point, 
shown in Fig. 4.7. 

A CDF was also produced for the total occupied bandwidth of the FS interferers at a point over the 
regions of interest. The resulting CDF is given in Fig. 4.8.  

NOTE: Also in Fig. 4.8 a second horizontal axis at the top indicates the percentage of the total 
spectrum occupied by the FS. 
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Figure 4.7 - CDF of number of interferers at a test point (for -154 dBW/MHz threshold). 

 
Figure 4.8 - CDF of FS bandwidth by interferers over the five regions (for -154 dBW/MHz threshold). 

The following tables provide the numerical results obtained from these figures. 

Table 5 presents the CDF of the number of FS links that interfer with a site in terms of the percentage 
of affected sites. Table 6 shows the CDF of the total bandwidth of the interfering FS links that interfer 
with a site in MHz. Finally, Table 7 presents the same CDF but in terms of the percentage of the total 
bandwidth (17.7 – 19.7 GHz).  

Table 5 - CDF of the number of interferes per FSS site. 

	  

UK	   FRANCE	   POLAND	   HUNGARY	   SLOVENIA	  

>0	   54%	   31%	   47%	   26%	   29%	  

10%	   >9	   >4	   >5	   >2	   >2	  

1%	   >25	   >13	   >13	   >8	   >8	  

0.1%	   >50	   >31	   >25	   >26	   >13	  

Table 6 - CDF of the total bandwidth of FS link interference per FSS site (MHz). 

 

 

 
 

%	  of	   UK	   FRANCE	   POLAND	   HUNGARY	   SLOVENIA	  

sites	   MHz	   MHz	   MHz	   MHz	   MHz	  

10%	   139	   58	   80	   45	   50	  

1%	   450	   258	   190	   270	   160	  

0.1%	   700	   550	   400	   820	   405	  
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Table 7 - CDF of the total bandwidth of FS link interference per FSS site 
 (% of 17.7 – 19.7 GHz). 

%	  of	  

sites	   UK	   FRANCE	   POLAND	   HUNGARY	   SLOVENIA	  

10%	   7%	   3%	   4%	   2%	   3%	  

1%	   23%	   13%	   10%	   14%	   8%	  

0.1%	   35%	   28%	   20%	   41%	   20%	  

Maps have also been produced for the five regions of interest for a number of conditions and are 
presented in Figg. 4.9-4.15. The details of each specific case are provided in the figures caption.  

It can be noticed that there is a significant amount of bandwidth available at most potential FSS 
locations in the analyzed regions to ensure an adequate FSS service quality for a very large area of the 
region. To avoid potentially unacceptable interference at some locations, some form of mitigation 
could be applied. Interference aware resource allocation approaches adopted within the FSS networks 
would be well matched to the problem especially as considerable frequency agility would be required 
as the interference varies considerably over a relatively small area. 

 

 
Figure 4.9 - Number of FS interferers at a point (UK). 
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Figure 4.10 - Total FS occupied BW at a point above -154.5 dBW/MHz (UK). 

 

 

 
Figure 4.11 - Total FS occupied BW at a point above -144.5 dBW/MHz (UK). 
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Figure 4.12 - Total FS occupied BW at a point above -134.5 dBW/MHz (UK). 

 

 

 
 

Figure 4.13 - Total FS occupied BW at a point above -154.5 dBW/MHz (UK) High Resolution. 
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Figure 4.14 - Total FS occupied BW at a point above -154.5 dBW/MHz (France). 

 

 

 

 
Figure 4.15 - Total FS occupied BW at a point above -154.5 dBW/MHz (Slovenia) [high resolution]. 
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 Additional Results for Scenario C 4.2
In this section, we present the results of optimal resource allocation related to scenario C. In this 
context, the FSS terminal users can maximize frequency exploitation by flexible utilization of the FS 
segment through the adoption of CR techniques in the satellite uplink. Results on the system gain are 
presented for Slovenia as an example of a country that currently operates 28 GHz FS links and for 
which we have a database. 

4.2.1 Signal model 

The applicability of CR in the aforementioned scenario was discussed in [14]-[15], considering 
realistic channel propagation conditions, concluding that both satellite and terrestrial systems could 
potentially operate in the same band without degrading each other’s performance. In this section, we 
enhance this analysis by taking into account the design of efficient resource allocation algorithms.  

The main objective is to optimally assign carriers and adjust the transmit power of the cognitive FSS 
terminal devices so that the individual QoS requirement is satisfied and the interference at each of the 
FS stations is kept below the given threshold. 

Let us assume a scenario with L FSS terminal users and N FS microwave links. The aggregated 
interference power caused by the L cognitive transmitters at the n-th FS microwave station for a 
particular carrier frequency fm, m = 1,…,M, is given by: 

∑
=

=
L

l
nlln mgpmI

1
, )()(                    (1) 

where lp denotes the transmit power of the l-th FSS terminal and 
2

,, )()( mhmg nlnl = , with )(, mh nl  

being the average cross-channel coefficient from the l-th FSS terminal to the n-th FS station when the 
FSS user is operating at fm.  It is assumed a FS database-assisted approach in which perfect )(, mh nl  are 

assumed available at the FSS system. 

The cross-channel gains )(, mg nl  can be expressed as follows: 

),(),()()( ,,,, mnlln
FS
Rxnl

FSS
Txnl fdLnGGmg θθ=               (2) 

where: 

• )(θFSS
TxG is the gain of the FSS transmitting antenna at offset angle θ ; 

• )(θFS
RxG  is the gain of the n-th FS station antenna at offset angle θ ; 

• ji ,θ  us the offset angle (from the boresight direction) of the i-th station in the direction of the 

j-th station; 

• 
2

4
),( ⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
=

df
cfdL
π

is the free space path loss with d being the transmitter-receiver distance 

and f being the carrier frequency; 

• jid , is the distance between the i-th transmitter and the j-th receiver. 

Please note that the free space loss model is used herein as a simplification of the propagation channel. 
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The radiation patterns 𝐺!"!"" 𝜃  and 𝐺!"!" 𝜃   can be obtained from ITU-R S.465-6, [16], and ITU-R 
F.1245-2, [17], respectively. Unlike in [14]-[15], here we consider the worst case propagation model 
that would result from a LOS path through free space, with no obstacles nearby to cause reflection or 
diffraction. In (2), it is assumed that the interfering signal falls within the victim bandwidth. If the 
spectra do not overlap completely, then a compensation factor of Boverlap=BFS is applied, where Boverlap 
stands for the portion of the interfering signal spectral density within the receive filter bandwidth 
given by BFS.	  

Satisfying Quality of Service (QoS) requirements of the incumbent FS link requires guaranteeing 
received interference less than a tolerable level nthrI , . This protection condition is expressed 

mathematically as:	  

nthrn ImI ,)( ≤                       (3) 

The reference limitations for Scenario C were defined in D3.1, [18], according to ITU 
recommendations such as ITU-R F.758, where the interference level is recommended to be -10 dB 
below the receiver noise. 

Apart from the transmit power limits given by the interference constraints, each FSS terminal has its 
own power limits. According to CEPT, the maximum EIRP of FSS terminals shall not exceed a value 
in a range from 55 dBW to 60 dBW. As far as cognitive QoS is concerned, a minimum signal-to-
interference plus noise ratio (SINR) shall be guaranteed for correct decoding. Therefore: 

maxmin ),( PplmP l ≤≤                                   (4) 

where maxP  denotes the maximum allowable transmission power due to regulatory issues and 

),(min lmP  denotes the minimum required power for the l-th FSS user to close the link over the m-th 
carrier. 

4.2.2 Joint Power and Carrier Allocation (JPCA) 
The level of received interference at each FS station depends on both the transmitted powers, lp  , 

l=1,..,L, and the carrier assignment. Therefore, power and carrier allocation should be considered in a 
joint assignment. 

 
Figure 4.16 - Block diagram of the cognitive exploitation framework for Scenario C, [19]. 

We propose a simple, but efficient approach in which the transmit power and the assigned carrier of 
the FSS terminals are determined based on the worst cross-channel condition. The proposed approach 
first evaluates the cross-channel gains at the carrier level based on the available information at the FS 
database. With this information, the Network Controller (NC) of the FSS systems is able to identify 
the worst FS link in terms of received interference per user and per carrier. Next, the amount of 
tolerable interference of the worst incumbent FS link is divided among the maximum number of FSS 
terminals that can potentially contribute to its aggregate interference. Subsequently, the maximum 
transmitted power of each FSS station is derived per each carrier and user. The resulting powers are 
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fed to the JPCA module in order to allocate the resources by maximizing the overall throughput of the 
FSS system. The schematic diagram of the cognitive exploitation framework is depicted in Fig. 4.16. 

4.2.2.1 Identification of the worst FS Receiver 

Having complete information on FS database allows the NC to compute the cross-channel gains 
)(, mg nl , l=1,…,L; N=1,…,N; m=1,…,M, as in (2). Therefore, for each carrier frequency, the cross-

channel matrix can be described as follows: 
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                  (5) 

For each l-th FSS user, the identification of the worst FS station in terms of interference consists in 
determining the one with maximum cross-channel gain: 

[ ]lnw mGlmn )(max),( =                      (6) 

where [ ]lmG )(  denotes the l-th row of matrix )(mG and ),( lmnw  indicates the worst FS station of 

user l operating in carrier m. 

4.2.2.2 Transmit power limits 

The first step is to obtain the interference power limit for each FSS terminal user at a carrier level. For 
a particular l FSS user, the interference limit of the worst FS receiver, ),(, lmnthr w

I  [W], is broken into 

different portions according to the maximum number of FSS users that can potentially interfere with 
it: 

1

),(,),(
−
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⎞
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BIlmI

w
                     (7) 

where the fraction ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
FSS

FS

B
B

gives the maximum number of FSS terminals that fit in the FS frequency 

band. Therefore, the transmit power limit is established to ensure that the following individual 
interference constraint is satisfied: 

),(),()(),( ,,, mnlln
FS
Rxnl

FSS
Txlw fdLnGGplmI θθ≤        (8) 

As a consequence, we can obtain the maximum transmission power that FSS terminals should not 
exceed to guarantee the incumbent system protection in the following way: 

),(),()(
),(),(

,,,
max

mnlln
FS
Rxnl

FSS
Tx

w

fdLnGG
lmIlmp
θθ

=       (9) 

Note that there could be some frequencies where no FS is deployed leading to ∞→),(max lmp  or 

very good conditions in which maxmax ),( Plmp >  . Moreover, we might face the opposite situation in 

which the interference constraint is too strong and the value of ),(max lmp  is below the minimum 

required power. To overcome this infeasibility conditions, the resulting ∞→),(max lmp  are subject 

to the following adjustments: 
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For notational convenience, we define P as the matrix containing the maximum allowable powers due 
to interference constraint: 
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With this conservative power derivation, we ensure that any combination of the powers contained in 
P never results in an aggregate interference above the acceptable threshold ),(, lmnthr w

I . 

4.2.2.3 Joint Power and Carrier Allocation (JPCA) 

Having tackled the problem of incumbent terrestrial system protection, this section is devoted to 
optimally allocating the carriers and powers among FSS terminal users by maximizing the total FSS 
system throughput. 

Let us denote 1×∈ M
l Rb  the carrier assignment of l-th FSS user, i.e: 

⎪
⎩

⎪
⎨

⎧ −−

=

otherwise

userthlthetoassignediscarrierthmif
mbl

0

1
)(     (12) 

For notational convenience, we stack all the carrier assignments in the matrix [ ]LbbB !1= . Here, 

we assume that the FSS users are allocated within the same beam, and each carrier includes a frame 
that can accommodate a maximum number of users. However, for simplifying the description of the 
resource allocation module, we assume herein that each carrier can be assigned to only one user. 
Extension to the case where a given number of users share the same carrier using time division 
multiplexing (MF-TDMA or Mx-DMA) is then straightforward. Since we assume that at each time, 
only one user can use a carrier, thus for each carrier m, we have 1)(

1
=∀ ∑ =

L

l l mbm . Note that 

having obtained the carrier allocation matrix 𝐵, it is straightforward to compute the corresponding 
power allocation: 

l
H
ll pba =             (13) 

where lp stands for the l-th column of P . 

The values of )(mbl are determined by maximizing the overall throughput of the system according to 

the following optimization problem, 
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Where ⊗  denotes the Hadamard product, (.)vec denotes the vectorization operator, 
1
.
l

denotes the 

l1-norm and )(SINRR  denotes the rate matrix, with mlr , , l=1,…,L; m=1,…,M, elements indicating the 

DVB-S2X rate, [20], associated with the corresponding SINR value. 

In (14), 
LMRSINR ×∈ denotes the SINR values derived from P  as follows. First, the ),( lmSNR  is 

computed as: 

 

 

(15) 

where 
[ ] )(lT
G SAT

Rx is the satellite gain over noise temperature for the l-th FSS terminal user and D  is 
the distance between the FSS terminal and the satellite. On the denominator, k is the Boltzmann 
constant. 

The SINR values are obtained considering a 
[ ]SAT

RxI
C

which accounts for the co-channel interference. 

The optimization problem in (14) is solved using the Hungarian algorithm [21], which provides an 
efficient and low complexity method to solve the one-to-one assignment problem in polynomial time. 

To summarize, first we determine the maximum power can be used by each user in each carrier, then 
calculate the achievable rate, and stack in the rate matrix. The next step is to perform carrier 
assignment using Hungarian algorithm. 

4.2.2.4 Numerical Results 

The FS database is extracted from the ITU-R BR International Frequency Information Circular (BR 
IFIC) database, [5]. In particular, we focus on the database related to Slovenia with more than 3,300 
records, which is one of the most complete database available for this scenario in BR IFIC. We 
consider an FSS multibeam satellite system and focus on a representative beam of 155 km radius with 
its center located in the capital and largest city of Slovenia, Ljubljana (46.0553N and 14.5144E). The 

beam gain [ ] )(lT
G SAT

Rx
 is computed as in [22]. 

The performance was evaluated by averaging over 50 independent FSS terminal geographical 
distributions, which were selected randomly for each realization within the considered beam footprint 
according to the population density database obtained from the Statistical Office of the Republic of 
Slovenia [23]. The number of FSS terminals L is set to be 356, which coincides with the number of 
carriers to be assigned. A summary of the most relevant parameters and the FSS link budget details are 
presented in Table 8. An example of FSS terminal users’ distribution, together with the location of the 
FS stations and the beam pattern of the FSS satellite, is depicted in Fig. 4.17. 

The EIRP here corresponds to the maximal terminal power level, which may be backed off as required 
by the evaluated simulated link considered. 

The spectrum occupancy of the BRIFIC FS database is depicted in Fig. 4.18, which shows that around 
60% of the shared spectrum band (27.5 to 29.5 GHz) is occupied in Slovenia. Thus, without any 
additional work, the uplink band could benefit from more than 800 MHz of additional bandwidth. 
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Table 8 - Simulation Parameters. 

 

 

 
Figure 4.17 - Beam Pattern (G/T) of the FSS satellite over Slovenia. 

 
 

 
Figure 4.18 - Spectrum Occupancy map of Slovenia. 
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Fig. 4.19 shows the aggregate interference caused by the cognitive FSS system and received at the FS 
stations in terms of Cumulative Distribution Function (CDF) with and without the proposed JPCA 

module. For the latter, a random carrier assignment is considered and lPpl ∀= max . For the JPCA 
case, the optimal and one sub-optimal combination of the powers contained in P are plotted in Fig. 
4.20. The minimum aggregate interference threshold is depicted as well in the figure for comparison 
purposes. It can be observed that the interference generated by the FSS system at the incumbent 
system exceeds the acceptable threshold when no optimal resource assignment is employed and it is 
kept always below the threshold when using the proposed JPCA technique. 

 
Figure 4.19 - CDF of aggregate interference. 

The effect of the transmit power limit given by the interference constraint (3) is evident by a glance of 
Fig. 4.20, where the SINR of the FSS terminal users is shown in terms of CDF with optimal, 
suboptimal and without JPCA. An immediate observation is that the SINR degrades when transmit 
power limitations apply, i.e., when FS terrestrial microwave links are protected. In particular, 35% of 
FSS users experience SINR values below 9.8 dB in the FSS-FS coexistence case when resources are 
not allocated optimally, which decreases down to 22.5% if the proposed JPCA is employed, and to 
9.3% when the transmit power is not limited (blue line). 

 
Figure 4.20 - CDF of SINR distribution. 

Similarly, Fig. 4.21 presents the comparison of rate distribution in the considered scenario. From the 
figure, it can be noted that the beam availability in the presence of the incumbent FS system is less 
than the beam availability when no power constraints apply (blue line). Further, it is clear that 
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employing the proposed JPCA attains a throughput per user that is very close to that attained in the 
absence of transmit power limitations.  

 
Figure 4.21 - Per user rate. 

Fig. 4.22 illustrates the achieved per beam throughput. To obtain greater insight, Table 9 summarizes 
the results shown in Fig. 4.22. It is worth to point out that the additional spectrum together with the 
optimal JPCA module provides around 405.8% improvement over the conventional exclusive band 
(29.5-30 GHz) case, which is almost the same that can be achieved in the absence of FS microwave 
links. This gain reduces to 378.6% when resources are not optimally distributed. The application of 
optimal JPCA in the non-shared spectrum scenarios does not provide much benefit and this is because, 
in this particular study, all users and carriers experience similar channel conditions. 

 
Figure 4.22 - Throughput per beam. 

 
Table 9 - Throughput per beam. 
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4.2.2.5 Conclusions 

We presented a novel spectrum exploitation framework for Scenario C, i.e., for the cognitive uplink 
FSS terminals in the band 27.5-29.5 GHz, where the incumbent users are Fixed-Service (FS) 
microwave links. The results based on computer simulations show that the FSS system throughput can 
be significantly improved by using the proposed cognitive exploitation framework while guaranteeing 
the sufficient protection of incumbent FS systems. 

From the numerical results it can also be noticed that the FS interference impact is found to be quite 
low compared with the satellite C/I on the overall system level in general based on this analysis. This 
means that also in scenario C, an introduction of the additional [27.5-29.5] GHz frequency band for 
satellite applications could provide 4 times capacity and be considered as a “low risk” based on the 
assumptions that have been made and the country concerned. Further evaluations shall be done in 
scenarios with denser FS deployments. 
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5  RE F E R E N C E  SY S T E M  RE Q U I R E M E N T S 
In this chapter, we summarize the techniques from D3.3 to be adapted to the overall system 
architecture of a reference FSS two-way access system. First, we define the configurations of a two-
way satellite system, and then we review the required changes and technology adaptations that are 
required to make the system work together with the D3.3 cognitive techniques. 

The details of the system changes and requirements as well as procedures are defined in the following 
sections. 

 Reference System Architecture 5.1
The end-to-end access system via satellite considered for large scale fixed internet access via satellite 
is based on the considered reference scenario as described in the DVB-RCS2 context, [24]-[27]. 

The system architecture foresees the elements as defined in the higher layer specification and system 
reference description of RCS2. We note these elements as follows: 

• User terminal (UT) or RCST 

• Network Control Center (NCC) 

• Gateway (GW) 

In addition, we define the external cognitive radio database as additional network element or the 
interference access (IA) database. 

The services for the end user roles are organized as defined in RCS2 HLS context. The satellite 
operator role is responsible for operating the satellite; the satellite network operator (SNO) operates 
the end-to-end network and the virtual network operator.  

The capacity on the forward and return link is subdivided and organized on carriers on the forward 
link and on return link carrier groups on the return link. 

These capacity subdivisions or in the context of the usage of non-exclusive and exclusive frequency 
bands divided into these classes and we introduce sub-classes for the carriers on the forward and return 
link carrier groups. 

A forward link carrier can be considered at SATNET (satellite network). The current configuration 
then includes different satellite networks on the exclusive and non-exclusive bands. 

 FSS broadband reference system description 5.2
We consider as reference systems a common Ka-band high throughput satellite (HTS) infrastructure as 
feasible today with usage of only the exclusive band and proven state-of-the-art satellite infrastructure. 
For the proposed longer term satellite system we consider the reference proposed in the “Terabit” 
study, [28]. The usage of both exclusive and non-exclusive frequency bands is considered for these 
satellite systems with the same level of frequency reuse between beams (a four color frequency reuse 
is used). The additional cost of the space segment due to the introduction of additional frequency 
bands is also taken into account in the cost/benefit analysis in chapter 7. 
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5.2.1 Reference system with exclusive band only 

For the reference system, we assume that the satellite platform uses state of the art technologies with 
the highest technology readiness level (TRL) such that each system element has a reliable proven track 
record of flight models or a successful qualification model exists. 

For this basis we assume the following satellite parameters, which are based on proven satellite 
systems and available for deployment with in-flight heritage components as technology readiness: 

We assume in this case a European Coverage (Ka exclusive band) – Near term reference scenario with 
a useful user link bandwidth allocation of: 500MHz in the [19.7-20.2] GHz Ka-band and a multi-beam 
number of frequency re-use colors 4 for the frequency reuse. 

For the gateway network, a ground infrastructure is assumed that covers the requirements of the multi-
spot beam coverage. We assume a gateway feed per 4 satellite beams (for each frequency reuse 
cluster) and the number of required feeder link bandwidth in either Q/V band or Ka-band, depending if 
the ground infrastructure network is assumed to be within the user coverage or if it can be located 
outside to reuse the same frequency bands for the feeder links. 

The satellite payload includes a repeater with a TWTA saturated Power of 130W – 170W and with a 
dual beam coverage per TWTA. We consider in this case a typical linearized repeater with an assumed 
operating point of IBO=5.0dB and OBO=3.0dB. For the multi-spot beam coverage, we assume a 4.0- 
4.3dB triple-point intersection of the beam grid. 

A User Bandwidth of 500 MHz in two circular polarizations and a Beam Bandwidth of 250 MHz are 
assumed. 

The consumer user terminal assumptions are based on a terminal antenna diameter of 0.75 m near term 
and 0.6 m long term and ESOMP configurations. 

5.2.2 Reference system as next generation exclusive and non-exclusive band 
system 

For the novel satellite architecture we assume the basis to be the typical technology readiness for 
commercial deployment in the year 2020 framework, so technical developments and improvements 
that are fully qualified in about 5 years from now.  

We consider European (EU27) coverage and this in combination with a multi-spot beam satellite with 
gateways throughput the coverage area using Q/V bands for feeder link access. 

The coverage area considered is also in this case European (EU27) coverage with a multi-spot beam 
coverage of the service area. The space segment infrastructure in this case has been studied and 
defined in an ESA project addressing a high throughput satellite design study, [28], number of beams 
considered in this case is 250 beams with a 4 color frequency reuse scheme. 

The considered adjacent beam interference when covering a 2.9 GHz bandwidth (scenario A, B, and 
exclusive bands from 17.3-20.2 GHz combined) would result in significant interference levels for 
worst case locations and frequencies. These are fully taken into account in the reference exercise done 
in the context of this study and rely on the [28] study basis. 

The considered channelization in this case is a 1450 MHz usage per spot beam, which takes into 
account the guard band required per beam. 

The repeater schematic can then be outlined as in Fig. 5.1. 
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Figure 5.1 - Satellite payload reference architecture for the long-term architecture. 

LNA input filters is 2.9 GHz wide, the V-to-Ka converter handles the 2.9 GHz band. One TWTA 
amplifies the full 2.9 GHz bandwidth. At the output of the TWTA, an ODMUX (output DMUX) splits 
the bandwidth into two parts. 

As for the return repeater, the processed bandwidth is 2.5GHz assuming the full usage of the return 
link bandwidth from [27.5-30.0] GHz or 2x500 MHz if we consider the HDFSS band in addition to 
the [29.5-30.0] GHz exclusive band usage. A single TWTA handles the traffic of all the spots 
allocated to one gateway (4 to 6 depending on the system configuration). 

Reference coverage area 

For the system evaluation study, we concentrate on the analysis of the performance over a defined 
coverage area, Europe EU27 coverage similar to the considered use case in [22]. As a reference 
coverage, we consider the study of UK or France as a terminal basis and the overall capacity of the 
system as it could be deployed in this context. 

 FSS user terminal characteristics 5.3
The user terminals rely on consumer grade technologies that are available to date for the near term 
deployment and can be assumed to be updated for the long-term perspective. 
In the near term perspective, the user terminals are typically 75 cm reflector antenna outdoor units 
(ODUs) with terminals that rely on consumer grade chipsets for the forward link reception. This leads 
to the bandwidth limitations of the forward link carriers for the near and long term. 

The assumptions for the user terminal characteristics are then as shown in Table 10. 

For the receiver front-end, the antenna system has to take into account the wide frequency band over 
which the terminal has to receive and transmit. We consider terminals that are capable of tuning into 
different frequency bands, which represent a subdivision of the non-exclusive band in addition to the 
exclusive frequency bands used in transmit and receive. 
Table 10 - Considered transmission parameters for near and long term as well as antenna parameter assumptions. 

 Near term Long term 

Terminal antenna size 
(aperture) 

75cm (Fix terminals) 

60cm (ESOMPs) 

75cm and 60cm (driven by 
consumer demand for smaller 
reflectors) 

Terminal Tx power ~2W 

Max 38dBW/40kHz 

~4W 

Max 38dBW/40kHz 

Frequency bands covered Ka-band NE and Exclusive Ka-band NE and Exclusive 
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Forward link standard DVB-S2 DVB-S2X or similar 

Carrier baudrate max. 
[MSps] 

“CASE2” configuration: 
52Mbaud 

33Mbaud at 32APSK 

45Mbaud at 16APSK 

65Mbaud at 8PSK and QPSK 

 

“CASE1” configuration: 
108Mbaud  

Up to 500Mbaud1 

250Mbaud at 32/64APSK 

 

Return link standard DVB-RCS2 or similar  

(ie. HRC/MxDMA) 

DVB-RCS2 or similar  

(ie, HRC/MxDMA) 

Antenna and terminal front-end implementation assumptions considered 

A basic antenna design feasibility review has been performed and a baseline design has been done. 
The coverage of the full [17.3-20.2] GHz band in reception and [27.5-30.0] GHz in transmission is, in 
principle, feasible. It is recommended to consider the usage of different bands compatible with the 
satellite beam frequency bands to optimize the front-end for the reception. 

We assume that the Ka-band cognitive terminal is capable of handling transmit and receive bands of 
500 MHz and up to 1.45 GHz within the specified ranges: 

• TB1: Exclusive band transmit: 28.25 – 30.0 GHz 

• TB2: Nonexclusive band transmit: 27.5 – 28.25 GHz 

• RB2: Nonexclusive band receive: 17.3 – 18.7 GHz 

• RB1: Exclusive band receive: 18.8 – 20.2 GHz 

The challenge for the terminal design is to provide a front-end with a wideband reception and transmit 
band and with good noise figure and gain performance and which is also not too sensitive to the 
presence of out-of-band high power interference to avoid front-end de-sensing effects. 

Polarization 

Terminals are considered as circularly polarized for this system. For fixed terminals, the polarization 
configuration is performed at installation. For mobile usage, polarization switching is a requirement 
for both transmit and receive. In this context the receive band is assumed to always be on opposite 
polarization of the transmit band. The receiver baseline parameters are shown in Table 11, while Table 
12 provides the transmitter parameters. 

Terminal types 

• T1: Fix terminal antenna size 1: 75cm diameter, maximum EIRP 55dBW 

• T2: Fix terminal antenna size 2: 0.6m diameter, maximum EIPR 55dBW 

• T3: Mobile terminal: 60cm diameter, maximum EIRP 50dBW 

 

 
                                                        
 
1 Projected future capability estimate is “to be verified”. 
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Table 11 - Terminal Rx parameters. 

Parameter Description Specification 
Sensitivity 

The receiver sensitivity to the presence of a signal 

 -160dBm/Hz 

Intermodulation 
2nd order intermodulation measured at BUC output 

[dBc] 26dBc at Psat-1dB 

Maximum input power aggregated [dBm] -60dBm (typ) 
Noise figure  [dB] 1.4dB typical and 1.5dB 

max (Tx on) 
 

Antenna Gain  [dB] 50-62dB 
Image rejection  [dB] 30dB 
Losses on front end due to wider frequency range 
for antenna tuning 

[dB] 0.5dB 

Antenna diameter [m] 0.75 
Antenna efficiency [%] 65 
Rx coupling losses [dB] 0.5 
Antenna temperature [K] 45 
Noise Temperature LNB [K] 110.3 
Coupling efficiency [] 0.98 
Noise temperature coupling [K] 35.4 
Temperature coupling at LNB [K] 31.54 
Antenna Temperature at LNB [K] 40.2 
Total System Noise [K] 181.95 
Receive bands [GHz] 17.3 – 18.7GHz (RB1) 

18.8 – 20.2GHz (RB2) 

Table 12 - Terminal Tx parameters. 

Nominal on-axis EIRP 
 

[dBW] 50-55dBW 

Transmit bands [GHz] 27.5-28.25GHz (TB1) 
28.25-30.0GHz (TB2) 

Compression point: P1dB  
 

[dBm] +34.5dBm typical 

Psat  [dBm] +36dBm @ max frequency for 4W  
Distortions at nominal 
Pout 

[dBc] 26dBc at +35dBm 
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6  AD A P T E D  CO G N I T I V E  TE C H N I Q U E S  T O  SY S T E M  
RE Q U I R E M E N T S 

In the following, we analyze the cognitive techniques adapted to the satellite context from D3.3 for 
both the spectrum awareness (SA) and the spectrum exploitation, including interference mitigation 
(IM) and resource allocation (RA) techniques.  

The SA and IM techniques are presented in the context of the overall system architecture and the 
overall adaptation of the techniques to the considered operation of a broadband end-to-end network. 
The overall system is evaluated in the sequel with the performance assessment comparing the 
application of the techniques in the considered context of the overall system evaluation. 

The basis end-to-end system considered is based on the common architecture considered in the context 
of DVB-RCS2 networks. This is defined in more details in the related system level document for 
DVB-RCS2, TS 101 545, [25]-[27]. 

For the end-to-end system integration of the cognitive techniques, we consider the following system 
elements for the broadband service provisioning: 

• Network control center (NCC) 

• End-user terminal (UT or RCST) 

• Satellite gateway (GW) 

Additional external entities are part of the overall system architecture. In particular: 

• Database center(s) (DB) 

• Optional: External interference assessment servers (IA) 

In the considered system architecture the NCC is in control of the transmission in forward and return 
link and takes on the charge to establish an end-to-end connection while respecting the KPI / service. 

The cognitive techniques that are retained form the WP3 context and retained in the adaptation work 
done in D3.3 are the following: 

• Database (DB) based techniques  

• Spectrum Sensing (SNIR based) 

• Beamforming (BF) 

• Resource Allocation (RA) 

The system adaptation requires changes to the reference system at different levels of the system 
architecture. This is outlined in Table 13. 

 
Table 13 - Cognitive techniques adapted to the FSS system requirements. 

Cognitive technique to be 
adapted to the system 

System component impacted Required adaptation to the 
FSS broadband system 

Database for scenario A and B 
(forward link) 

NCC/terminal provisioning and 
external DB system 

Interface between NCC and DB 

Changed NCC internal terminal 
provisioning procedure 
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Spectrum Sensing (SNIR) Terminal for spectrum sensing 

NCC for analysis and data 
processing (process during 
terminal installation and 
optionally also operational 
state) 

NCC with the terminal 
installation process adapted 
with sensing data processing 
function 

Terminal data feedback to NCC 

Beamforming (BF) at reception 
(scenarios A and B) 

Terminal receive (scenarios A 
and B) 

 

Terminal antenna (receive) 

NCC for data processing and 
beamforming weights 
adaptation algorithms during 
installation procedure 

Resource Allocation (RA) NCC during terminal 
provisioning procedure and 
optionally during operational 
state 

NCC procedure during terminal 
provisioning  

Requires DB or SS-SNIR basis 
or alternative carrier scanning 
procedure 

 Database techniques 6.1
We consider as “database techniques”, spectrum awareness capabilities that reply on the rigorous 
planning of the used spectrum in the context of frequency allocations to specific users. This is planned 
to be organized by national or international organizations that have the authority and administration in 
place to manage the frequency bands considered here. 

These database techniques rely thus on a centralized authority that enables the usage of these 
frequency bands such that the overall interference between incumbent and secondary user is managed.  

For the usage of the satellite downlink bands in scenarios A and B, [17.3-17.7] GHz and [17.7-19.7] 
GHz, the interference from the satellite into the incumbent receivers has to respect the power density 
limit defined by the regulators. This is achieved by link planning. 

The database serves in this context as a service provider to the secondary spectrum user to support its 
overall system optimization and link planning. For this purpose the resource allocation (RA) 
mechanism as presented in D3.3 can for example be used to take the database input into account on 
link level basis. 

The resulting information from the databases serves as planning basis to allocate the forward link 
carrier and resources to the terminals in the specific coverage areas, depending on the used frequency 
bands by the incumbent users. 

A possible approach to use the database information in the forward link planning context is presented 
as the noise floor contours (NFC). This technique has been studied and reviewed thoroughly in the 
context of WP3, see D3.2 and D3.3.  

An alternative is to compute the interference impact of the FS link transmission based on the available 
information from the database directly. An interference assessment (IA) server can take the link 
budget information from the FSS terminals and the FS transmitters and BSS feeder links into account 
and compute the interference levels expected at the FSS terminal reception directly. 
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For the database techniques in the forward link scenarios (A and B), the system level adaptation is 
based on the provision of the noise floor contours (NFC) and location based interference information 
from the knowledge about the incumbent frequency utilization. This is then used to support the 
allocation of the capacity of the forward link to the different terminals.  

For the return link capacity allocation (relative to scenario C), this allocation also depends on the local 
knowledge of the centralized databases to provide information about the interference conditions within 
a certain cognitive zone for the return link. This also results in areas which are too close to the local 
terrestrial transmitter around which a certain allocation of the return link capacity resources requires 
the resort to exclusive frequency bands (or other NE bands) which are unaffected by the local 
incumbent link. This results in a database related resource allocation for the return link that relies on 
the aggregate combined assessment of the FSS terminal transmissions on an FS terrestrial receiver in 
the area of a number of FSS satellite terminals. In the considered system context the NCC has full 
control of the resource allocation of the return link parameters of all terminals in the network. 

The additional information from the databases for the return link capacity allocation results in an 
overall capacity allocation problems that can take into account all satellite related constraints in 
addition to the terrestrial interference constraints to provide resources for all terminals in the network. 
To guarantee fully a defined quality of service for the FSS network on the return link as well, it is 
assumed as basis here that the overall satellite system allocates also excusive frequency band capacity 
on the return link. 

This database-NCC interaction is initiated by the NCC of the satellite FSS network when required. 
This can occur specifically during the management phases of: 

o Terminal provisioning phase 

o Terminal installation phase 

o Operational phase, when unexpected link performance degradations are measured 

In principle, the NCC database querying can be performed on the basis of the FS link data information 
retrieval or the usage of an intermediate entity for the provision of interference impact maps on the 
overall link of the FSS system’s terminals. 

The usage of FS link information data requires the NCC controller to implement the interference 
modelling on the basis of the applicable procedures, i.e., [29]. On the other hand the introduction of 
the additional computation of a REM would make the querying simpler for the NCC controller and the 
burden of estimating the specific impact of the terrestrial interference upon the FSS terminal then 
remains on the side of the database management entity or another external service provider that takes 
care of the FS link interference computation. Both possibilities are in principle supported by the 
proposed overall network architecture, including or not the interference assessment functionality (IA) 
on the network hub side. 

Different terminal configuration states are defined in the satellite network NCC. These considered 
operational processes use cases are as follows: 

• Terminal Provisioned 

• Terminal Installed (but not yet operational)  

• Terminal Operation 

At the terminal provisioning the selection of the used resources by the configured terminal is made. 
This allocation of resources to the terminal profile may include interaction with the database(s). 
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The database interaction is defined as a query-response interaction between the NCC and the cognitive 
data database or interference assessment server (IA). 

The database interaction with the NCC controller is put into context of the different Use cases 
considered in the following manner: 

DB query during terminal provisioning  

During terminal provisioning, the non-exclusive capacity is queried by the NCC with access to the 
database(s) to achieve a conclusive result for the interference situation for each terminal in perspective 
of the different carrier groups on the return link and the satellite networks on the forward link. The 
achieved information state is stored on a per terminal basis in the network provisioning database of the 
NCC. 

DB query during installation process 

When the terminal installation is performed, the data with respect to the interference situation of each 
terminal is accessed in the provision database. An additional query request can be sent to the 
interference assessment databases or regulatory databases as required by the network setup. 

DB query during operation of the service 

A DB-NCC interaction query process can be triggered during the operational state of the terminal and 
then implying a possible decision input for an NCC process. This may be done under operational 
conditions that exhibit a long-term change on the forward link conditions. 

An interference change detection during the operation of the terminal can be discovered by regular 
database queries of the interference situation at the sites of the installed terminals. 

 Spectrum Sensing based on system link measurements 6.2
The description of the spectrum sensing SNIR based feature and system level adaptations are defined 
in the following section. These include the following:  

• Adaptation to system requirements with uncertain SNIR during setup, including: 

o pointing errors of terminals; 

o fading uncertainty; 

o G/T and sat. gain uncertainty over coverage area. 

In addition to the introduction of the spectrum sensing technique as performed in D3.3, the system 
adaptation presented here considers the additional consideration of the perturbation factors and the 
specific usage of the spectrum sensing capability within the end-to-end satellite system controller. 

Spectrum sensing techniques  

The spectrum sensing (SS) techniques considered are integrated in the overall network as database 
support technology. This means that it is a supporting technique that can be used to build up and 
complement the database techniques. These are then complementary technologies that can be used in 
case database information is incomplete or not available at all. For this we can consider these spectrum 
awareness techniques as implemented as stand-alone detectors that can be deployed by the FSS 
network operator or the database responsible entity (e.g., regulator) context or integrated within the 
FSS terminals. 
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The spectrum sensing techniques (energy detection and cyclo-stationary feature detection) can support 
the cognitive zone refinement and corrections of the considered frequency bands, when the database 
information is incomplete or not fully available or incorrect. 

This SS support technique is then used to feed-back information to the NCC of the FSS satellite 
system network and report on specific interference signals detected from the incumbent user 
transmissions. 

This information can be taken into account by the database management entity and may be used to 
complement or correct the database models. 

Especially in large FSS deployed networks and with a certain critical density of the FSS terminals in 
the vicinity of the incumbent systems neighborhood, the spectrum sensing technique becomes an 
important additional option to gain specific interference context knowledge about the perceived 
interference from incumbent users upon the FSS network for scenarios A and B. 

Spectrum Sensing Calibration  

The spectrum sensing for the contexts of reception (scenario A and B) is considered in this context. 

The spectrum sensing based on measuring the signal to noise and interference ratio, as defined in the 
D3.3 context, requires a baseline calibration. We consider here the analyzed spectrum sensing 
techniques from D3.3 and specifically the SNIR based spectrum sensing as basis.  

No specific knowledge of the BSS uplink (scenario A) or FS transmitted signal (scenario B) is 
assumed for this sensing task. 

The spectrum sensing has to be established during the terminal first carrier lineup procedure. The 
overall expected link performance is assumed known from planning and previous link budget 
exercises. This results in an expected signal to noise ratio that has to be met at the installation of the 
terminal. 

During the terminal installation and after the antenna pointing task of the terminal installation, we 
have a basis of the two values for the expected and measured signal to noise ratio. 

A residual difference has to be correctly interpreted by the NCC. This difference in measured and 
expected SNIR may result from different perturbations or inaccuracies in the overall system that needs 
to be addressed with the NCC integration of the spectrum sensing techniques. 

These include the aspects listed in Table 14. 
 Table 14 - Spectrum sensing related parameter measurement uncertainties expected in FSS system deployment. 

Potential contributing factor to 
measured SNIR delta 
perturbation 

Estimate of the order 
of inaccuracy on the 
link SNIR parameter 

Potential mitigation measure 

Rain fading and atmospheric 
attenuations during terminal 
installation 

Several dB in Ka-band Use long term averaging and additional 
learning procedure in NCC 

Inaccurate antenna pointing of the 
terminal 

1dB p-p  

Cross polarization interference  0.5dB p-p May be taken into account and 
neglected if under control 
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Bias in expected SNIR value 
resulting from margins at 
different link levels 

1dB max peak Reference terminals and an overall 
system learning of the expected SNIR is 
required 

Interference from other satellite 
downlinks or adjacent beams of 
the same system or from cross-
polarization 

2dB max peak Requires a revised planning tool with 
potential reference terminals and 
measurements of expected levels. 

Interference from terrestrial 
contributions (scenario A / B) 
such as BSS feeder links or FS 
transmitters 

Value to be estimated N.A. 

Receiver gain variation Long term variations 
(seasonal) 1-2dB p-p 

 

LNB gain variation over 
temperature 

1-2dB typical  

The system spectrum sensing requires as a result a combination of planning tools, reference terminals 
and a system learning mechanism with a feedback to the terminal installation procedure. 

Additional mechanisms have to be defined in this context, in addition to the spectrum sensing 
algorithms outlined in D3.3 to address all possible sources of practical errors to devise a reliable 
detector for the terrestrial interference. 

To adapt the spectrum sensing to the practical parameter uncertainty encountered in the system, it is 
foreseen to enhance the SS-SNIR procedure to include many parameters and make decisions on a 
multi-parameter basis with an overall tracking of the terminal situation on short and long term. 

The terminal parameters considered are listed in Table 15. 
Table 15 - Spectrum sensing related measurement parameters in FSS system. 

Parameters Description 

SNIR.FWD Forward link signal to noise ratio estimate as measured by the terminal 
demodulator in dB 

CD.FWD Forward link signal to distortion estimate as measured by the terminal receiver in 
dB 

SIGPWR.FWD Forward link signal power level estimate as measured by the terminal receive 
chain in dBm 

SNIR.RTN Return link signal to noise and interference ratio estimate as measured by the hub 
demodulator process for that terminal in dB 

CD.RTN Return link distortion estimate at the hub demodulator input in dB 

SIGPWR.RTN Return link signal power at the hub demodulator input in dBm 

Based on these parameters, the procedure to identify the potential terrestrial interference event can be 
defined as a task that lives on the NCC for each terminal and is continuously monitoring these 
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parameters and trackers with the goal to define a best possible probability of the presence of a 
terrestrial interference signal at each terminal location. 

There may be partial database information available as well and this is then all included as basis a 
priori input based on which the overall probability of interference from incumbent user is computed. 

Since the overall end to end link budget in forward and return link for all of the terminals entails 
different contributors, the main task of the mechanism to identify interference from incumbent users is 
to discern it from other sources of perturbation that can impact the end to end link budget. This 
includes effects form different sources of impact on the end-to-end link budget. 

 Table 16 - Spectrum sensing events identified in FSS system operation that require categorization for 
interference detection. 

Event / Impact detected per 
terminal link (FWD) 

Impact expected on parameters 
under observation 

Impact on elements of 
network 

1./ 

Terrestrial interference from 
incumbent users (scenarios A 
and B) 

C/D not impacted; 

SNIR/terminal decreases; 

RxCarPwr/terminal not impacted. 

For impacted terminal(s) 

2./ 

Cross polarization interference 

C/D not impacted; 

SNIR/terminal decreases; 

RxCarPwr/terminal not impacted. 

For impacted frequency 
range on transponder. 

3./ 

Rainfade on downlink at 
terminal location 

C/D not impacted; 

SNIR/terminal decreases; 

RxCarPwr/terminal decreases. 

For impacted 
terminal(s). 

4./ 

Rainfade event on feeder uplink 
at hub location  

C/D not impacted; 

SNIR/terminal decreases; 

RxCarPwr/terminal decreases. 

For all terminal(s). 

5./ 

Terminal antenna depointing 

C/D not impacted; 

SNIR/terminal decreases; 

RxCarPwr/terminal decreases. 

For impacted terminal. 

6./ 

Gain change on the link 

C/D not impacted; 

SNIR/terminal not impacted; 

RxCarPwr/terminal changes. 

Depending on uplink 
feeder link gain change 
or terminal (LNB) gain 
change all or one 
terminal impacted. 

From these approaches, it shall be noticed that with a deliberate process to track the system forward 
and return link indicators per terminal and foresee a set of dedicated verification procedures over 
carefully selected time scales, an indication of the presence of an interference contributor to the 
forwark link budget per terminal can be deduced.  
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We select for this purpose all possible signal trackers for the forward and return link per terminal and 
keep reference and historical data of these trackers for all temrinals throughput the network. In 
addition the database (partial) input can be considered as additional information for the interference 
estimator. The goal of the estimator is to give an estimate of the presence of a terrestrial interferer 
input at the location of each terminal. 

This process is defined in algorithmic manner in details in D4.3 and is based on the SS-SNIR 
principles from D3.3  

 
Figure 6.1 - Interference estimation process principle at controller / NCC. 

Combination of DB and SS methods 

In general databases are considered adequate instruments for the considered system context, with an 
FSS satellite system deployed as cognitive user in addition to the incumbent user in the scenario A and 
B bands. In general the situation is relatively static and only infrequent database updates are expected 
for that reason it is also considered exceptional that the FSS terminal experiences “unexpected” 
interference based on FS transmissions or BSS feeder link transmissions that were not reported by the 
database. It may however happen that the database information is outdated, not available temporarily 
or for longer times or that the operator of the terrestrial system does not operate on the reported 
frequency or at the expected power level, even unintentionally. 

To support the database information and to complement it, the FSS system relies on adequate in 
system measurement parameters to collect data from all FSS links and analyze these comparing them 
to expectations to identify likely interference situations based on system level parameter 
measurements. This approach supports the primary database information and complements it and 
makes the entire system more resilient with respect to potential errors in the database. 

The combination of the database (DB) and spectrum sensing (SS) methods foresee the complementing 
of the database information when this information is incomplete or incorrect. 

For this several cases have been identified when the spectrum sensing is of usage in combination with 
the received database information form the regulatory authorities: 

• unavailable DB information; 

• outdated / inaccurate DB information; 

• unexpected changes in the FS transmission and DB not updated. 
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Upon detecting a discrepancy between the SS and DB information on the presence of interference at 
the terminal reception, the NCC proceeds to the following actions: 
Table 17 - Operational plan in case an NCC based SS interference incident is detected that was unexpected based 

on DB information. 

Action Detection of interference presence based on the SS method in the NCC that was not 
expected based on DB query access by NCC 

#1 NCC verified all FSS terminal indicators in vicinity of the detected interference on the 
FSS terminal at that location 

#2 NCC reports interference detection to operator as an operational incident with all 
required detailed information 

#3 NCC automatically switches this FSS terminal to an exclusive band carrier to guarantee 
service continuity 

#3 Operator of FSS system can choose to either: 

1/ Investigate further the interference incident 

2/ Report the incident (automatically) to the DB operators in case confidence has been 
established that there is a discrepancy with the DB information 

It should be noted that the other way around, an overestimation of the interference impact is expected 
in practice more often, since the evaluation of the interference based on the DB information assumes a 
worst case link evaluation approach. In this case, when the interference is “unexpectedly low 
compared to DB information available”, then the NCC can choose to allocate the carrier of the 
forward link also on the interfered parts of the bands. 

In this case the SS on the NCC side helps to increase overall network efficiency by increasing the 
allocation options of terminals to carriers on the forward link. 

This spectrum sensing at the NCC side for the scenarios A and B for the forward link is foreseen to 
work with sufficient accuracy for the system operation, since the used parameters (SNIR and signal 
power measurements mainly) result from the link measurements and its long term averaging. 

Cooperative spectrum sensing option 

The multi-site remote spectrum sensing integration in the FSS network can be realized through the 
introduction of a sensing function on the FSS system’s gateway side, using samples and measurements 
retrieved from the different FSS terminal locations throughout the operation of the link. 

This is illustrated in Fig. 6.2. The centralized interference sensing allows to progressively detect 
interference in the context of a specific location and to evaluate the interference presence 
progressively over the long term. For this a data collection, compression and archiving function can be 
implemented on the FSS terminal side in combination with a subsequent data analysis and evaluation 
at the gateway side. 
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Figure 6.2 - Illustration of the spectrum sensing option via joint processing of data. 

System Level Perturbations and Impairments Analysis 

Concerning the system level adaptation of the spectrum sensing technique proposed in the D3.3 
document, a detailed description of perturbations and impairments that may occur are described in this 
section. The SS-SNIR technique is here reviewed also taking into account changes and adaptations 
required with respect to the reference system in order to cope with possible impairments that will 
affect the cognitive satellite system. Earth terminals can be affected by typical issues that may arise 
also during set up procedure as: 

1. pointing errors; 

2. fading uncertainties; 

3. G/T and sat. gain uncertainties over coverage area. 

Impairments that affect the SINR estimation process during terminals installation and the sensing 
phase are here introduced.  

Imperfect alignment of the transmitting and receiving antennas could cause pointing errors that are 
sources of additional losses. These losses are due to a reduction of the antenna gain with respect its 
maximum and are function of the misalignment of the angle of reception . Losses can be evaluated 
using the following equation 

  

where  is the 3 dB beamwidth angle between the direction in which the gain is maximum and that 
in which it is half of this latter value. Other losses of earth terminals, which are due to non-idealities, 
are feeder losses LFRX between the antenna and the receiver, and polarization mismatch losses LPOL. 
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Atmospheric events cause additional attenuation and variation with respect to the common free space 
loss propagation. Several effects are present but an overall contribution affecting the received power 
can be taken into account by adding to the free space loss attenuation AFS the contribution AP that 
includes all the atmospheric attenuation. 

𝐴!"! 𝑑𝐵 = 𝐴!" 𝑑𝐵 + 𝐴! 𝑑𝐵  

These losses are significant above 10 GHz as in case of the Ka bands, which are considered in 
CoRaSat scenarios. In the frequencies considered, tropospheric phenomena are the main contributions 
of the link availability and service quality degradation. These phenomena are: i) attenuation; ii) 
scintillation; iii) depolarization; and iv) increase of the antenna temperature in the receiving earth 
terminal. A more detailed description of these phenomena is included in chapter 3 of [30]. 

Link budget is affected by these contributions in many ways. In the downlink case, the carrier to noise 
ratio can be expressed as: 

 

and can be rearranged in order to separate the ideal, or expected value !
!! !"

calculated in free space 

loss conditions, from contributions that cause its variation in the following way: 

 

where EIRPSAT is the satellite EIRP, (G/T)ES the figure of merit of the earth terminal receiver and  
and  a possible decrease of the satellite EIRPSAT and the figure of merit (G/T)ES respectively. 

In particular, the figure of merit G/T of the earth terminal at the receiver input, i.e., including also 
losses of the receiving chain, can be expressed as: 

(𝐺/𝑇)!" = (𝐺!"#$/𝐿!𝐿!"#𝐿!"#)/𝑇!"!   [𝐾!!] 

where TTOT is the total downlink system noise temperature at the receiver input and it is function of the 
antenna temperature TA, the feeder temperature TF, and the effective input noise temperature of the 
receiver TeRX. 

𝑇!"!   =
𝑇!
𝐿!"#

+ 𝑇! 1 −
1

𝐿!"!
+ 𝑇!"# 

Temperature variations of the environment cause variation from the nominal value of (G/T)ES besides 
other impairments already been addressed as pointing errors. In particular, 𝑇! and TeRX are defined as: 

𝑇! =
𝑇!"#
𝐴!

+ 𝑇! 1 −
1
𝐴!

+ 𝑇!"#!"#  

𝑇!"# = (𝑁𝐹 − 1)𝑇! 

Where in the former equation  𝑇!"#, 𝑇!, and 𝑇!"#$%& are respectively the sky, the medium and the 
ground temperatures whereas in the latter equation the NF is the noise figure and T0 the default noise 
temperature fixed at 290 K. Variations of these effects can be included in . 

After having reviewed the impairments that may occur at the receiver during the estimation process, 
we perform simulations that include them in order to verify the robustness of the proposed technique. 
Therefore, following we provide a comparison between the ideal case, i.e., without impairments, and 
the ones that include impairments. In particular, the SINR estimated in the ideal case can be 
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considered as the expected value that differs from the real estimated value due to the presence of 
errors. The system reference values taken into account for simulations are reported in Table 18. 

Table 18 - System Reference Parameters for SNIR based sensing simulations 
(*: in Fig. 6.4, **: in Fig. 6.4). 

	  
Parameter	  Name	  

Value	   Unit	   of	  
Measure	  

Sky	  Temperature	  (TSKY)	   15	   °K	  
Ground	  Temperature	  (TGROUND)	   45	   °K	  
Temperature	  of	  the	  Medium	  (TM)	   275	   °K	  
Downlink	  Frequency	   17.3	  –	  17.7	   GHz	  
Satellite	  EIRP	  (EIRPSAT)	   50	  –	  70	  	   dBW	  
Carrier	  Bandwidth	   36	   MHz	  
Terminal	  Efficiency	   0.65	   %	  
Terminal	  Antenna	  Diameter	   0.6	   meters	  
Figure	  of	  merit	  (G/T)ES	   34.9	   dB/K	  
Additional	  (G/T)ES	  variation	  ( 	   0	  –	  2	  	   dB	  
Antenna	  gain	  (GR)	   50	  –	  62	  	   dB	  
Polarization	  Losses	  (LPOL)	   0	  –	  0.5	  	   dB	  
Pointing	  Losses	  (LR)	   0	  –	  1	   dB	  
Feeder	  Losses	  (LFRX)	   0	   dB	  
Terminal	  Antenna	  Temperature	  (TA)	  	   78	   °K	  
Effective	  noise	  temperature	  (TeRX)	   262	   °K	  
Terminal	  Component	  Temperature	  (TF)	   290	   °K	  
Default	  Temperature	  (T0)	   290	   °K	  
LNA	  Noise	  Factor	  (NF)	   1.4	   dB	  
QPSK	  Symbols	  per	  pilot	   36	   	  
Number	  of	  pilots	  Blocks	  (W)	  *	   5	   	  
Target	  error	  variance	  **	   0.1	   	  

In Figg. 6.3-6.4 the performance of the SNORE algorithm in presence of impairments are described. 
In particular, Fig. 6.3 shows the normalized error variance as a function of the SINR when 5 

pilot blocks of 36 symbols each are used for the estimation, whereas Fig. 6.4 describes the minimum 
required number of pilot blocks in order to achieve a target normalized error variance, i.e., , of 

0.1 as a function of the SINR. In both figures, the solid line represents the Cramer-Rao Bound, the 
dashed one the analytical value derived from the equations in D3.3, and the dots the simulated values 
under different impairments conditions. Under the ideal case the link budget is calculated without 
impairments and is considered as reference value, whereas in case 1, 2, and 3 are introduced 
respectively the uncertainties shown in the following figures. 
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Figure 6.3 - Error variance as a function of the SNIR in presence of impairments. 

 
Figure 6.4 - Minimum number of pilot in presence of impairments. 

Table 19 - Uncertainties value considered in simulations. 

	   Ideal	  case	   Case	  1	   Case	  2	   Case	  3	  
Polarization	  Losses	  (LPOL)	  [dB]	   0	   0.5	   0.5	   0.5	  
Pointing	  Losses	  (LR)	  [dB]	   0	   1	   1	   1	  
Additional	  (G/T)ES	  variation	  ( 	  [dB]	   0	   2	   2	   2	  
Additional	   atmospheric	   attenuation	  
(𝐴!)[dB]	  

0	   0	   5	   10	  

6.2.1 Scenario Performance Evaluation & Comparison 

As for D3.3, the proposed technique is assessed with respect to its application to a specific Scenario. 
Therefore, link budget assessments in presence of additional link impairments caused by incumbent 
users are evaluated with the same methodology as presented in D3.3. Both evaluations in frequency 
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domain for a specific earth terminal and in geographic domain considering a wide region covered by 
the satellite beam pattern are performed. In particular, starting from the results obtained on databases 
analysis, the results for Scenario B presented for France and UK have been considered. Thus, the 
following results are referred to the application of the proposed technique in a realistic scenario. 

The estimation capabilities of the terminal antenna under different impairments as listed in Table 19, 
are assessed. These simulations aimed at describing how accurate would be the estimation process for 
a fixed terminal antenna. First, we present results obtained in frequency domain for the values listed in 
Table 20. We consider a portion of spectrum wide 400 MHz from 18.4 GHZ to 18.8 GHz, along which 
the estimation process is performed in carriers equal to 36 MHz. The FSS terminal is positioned in 
47.5°N latitude and 19°E longitude. The estimation process is performed under the different 
impairments listed in Table 19, accumulating 1 pilot block of 36 symbols in Fig. 6.5 and accumulating 
10 pilot blocks in Fig. 6.6 respectively. As expected, in each band the SINR value estimated is lower 
than the real value due to impairments that cause additional losses. However, in case of high SINR 
values the estimated value even in presence of impairments can be considered reliable while, 
otherwise, to obtain the desired uncertainty target for lower values of the SINR, more pilot blocks 
have to be accumulated. In fact, considering bands 5 and 6, it can be noticed that in Fig. 6.5, i.e., in 
case of 1 pilot block is accumulated, the estimated SINR in presence of impairments is similar to the 
real value, whereas in Fig. 6.6, i.e., where 10 pilot blocks are considered, the estimation is more 
accurate. Thus, an inappropriate estimation of the SINR in presence of impairments causes a 
misunderstanding in detecting presence of impairments or interference due to incumbent users. 

 Table 20 - Frequency assessments parameters. 

 Figure 6.5 Figure 6.6 

Frequency [GHz] From 18.4 to 18.8 

Bandwidth [MHz] 36 

FSS Terminal Latitude 47.5°N 

FSS Terminal Longitude 19°E 

W – number of pilot fields 1 10 

Number of simulation 1000 
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Figure 6.5 - Assessments on the frequency spectrum in presence of different impairments – 1 pilot block. 

 
Figure 6.6 - Assessments on the frequency spectrum in presence of different impairments – 10 pilot block. 

In addition to frequency analysis, geographic assessments are performed to evaluate the SINR 
estimation process within the beam coverage. Thus, the area from 47° to 48° of latitude and from 19° 
to 20° of longitude is considered. Parameters considered for simulations are listed in Table 21. Real 
SINR values that earth terminals experience within the coverage, are presented in Fig. 6.7. It can be 
noted the presence of a directive incumbent link and of some incumbent-free regions. Fig.. 6.8-6.9 
show results in case of performing the estimation algorithm with 1 and 10 pilot block respectively. In 
each figure, the considered impairments cases are shown. 
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Table 21 - Geographic assessments parameters. 

 Figure 6.8 
- 

Figure 6.9 – 

Frequency [GHz] 17.9 

Bandwidth [MHz] 36 

Terminal Latitude From 47° to 48°  

Terminal Longitude From 19° to 20° 

W – number of pilot fields 1 10 

Number of simulation 1000 

 

Figure 6.7 - Real SINR values along the selected geographic region. 

Also the results obtained from geographic simulations confirm link budget losses due to the presence 
of impairments and a more reliable estimation due to longer observation periods. Percentages of the 

SINR values estimated that differ from the true value by an amount higher than , where 

σ2|des is the difference between the real value and the estimated value under uncertainties conditions, 
are shown in Table 22. Results show that in both cases impairments lead to a degradation of the 
percentages of points correctly estimated. However, in presence of low impairments losses as for the 
Ideal case and Case 1, longer estimations provide more reliable estimations whereas in case of higher 
impairments losses the estimated values do not satisfy the target reliability even in case of longer 
sensing periods. 
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Figure 6.8 - Comparison between estimated values under different impairments conditions – 1 pilot block. 

 

Figure 6.9 – Comparison between estimated values under different impairments conditions – 10 pilot blocks. 
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Table 22 - Geographic assessments results. (Percentages of SNIR estimates with deviations from true value 
higher than 0.1dB). 

Case Figure 6.8 - Figure 6.9 – 

Ideal case 0.48% 0.19% 

Case 1 0.71% 0.56% 

Case 2 2.42% 2.46% 

Case 3 3.67% 3.71% 

How the estimated SINR values degrade can be shown by means of the cumulative density function 
(CDF). In Fig. 6.10-6.11 the CDF curves of the estimated values for the cases considered in Table 22 
are plotted in different colors. In particular, in Fig. 6.10 the Ideal Case and Case 1 are considered 
whereas Case 2 and Case 3 are shown in Fig. 6.11. Moreover, in each figure are compared results in 
case of estimation of 1 pilot block and in case of 10 pilot blocks. It is shown that in the ideal case and 
considering 1 pilot block it is provided a good estimation, but thanks to the estimation provided by 10 
pilot blocks, values fit perfectly the real values. On the contrary, in presence of impairments lower 
SINR are estimated and similar results have been obtained with 1 or 10 pilot blocks. 

 
Figure 6.10 - Cumulative Density Function in presence of impairments. 

 



ICT−316779	  CoRaSat	   Deliverable	  D3.4 

Release	  01.00	  (Final	  version)	   pag.	  51	  of	  115 

 
Figure 6.11 - Cumulative Density Function in presence of impairments. 

In conclusion, the application of the spectrum sensing SNIR based technique can properly estimate the 
SNIR value that users experience. Thus, its robustness also in presence of impairments has been 
demonstrated by thys analysis. However, the estimated values provided by the algorithm, cannot 
discern these uncertainties causing a misleading interpretation of the estimated values from the 
expected ones. Therefore, the system level adaptations proposed in the previous sections lead to an 
enhancement of the SS-SNIR technique. 

 Resource Allocation 6.3
The resource allocation techniques are outlined in the document D3.3 and evaluated as a technique to 
adapt the overall system resource allocation to the interfering conditions occurring at the FSS terminal 
location. 

The Resource allocation is fully implemented in the NCC and included as transmission allocation 
strategy in the NCC.  

Resource allocation techniques at the NCC (hub) side 

The resource allocation techniques as described in the technology adaptations in document D3.3 are 
integrated in the overall system design in the network control center (NCC). We assume a system that 
incorporates fully the control of the FSS terminals’ access to the forward and return link capacity 
allocations and directs the terminals where required by the network planning. In addition the NCC 
center is directing the terminals receive parameters (ACM parameters) as well as its transmit 
parameters for the return link, including power, frequency allocation, symbol rate (bandwidth 
occupied) and modulation and coding used. This allows the NCC to work as an overall system 
configuration device and controller. It incorporates a physical link controller that is responsible for the 
overall capacity allocation and assignments of the network. 

This is an enabling architecture element for the “resource allocation” (RA), as described in the context 
of this project under D3.3. Furthermore the resource allocation input information is then available at 
the network control center (NCC) for each terminal that is operated in the network. 

The combination of this network specific information and the external database information of the 
interference context allows using the resource allocation technique, as documented in the D3.3 context 
to optimize the overall network capacity. 
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System gain evaluation of resource allocation 

The system gain for resource allocation follows the methodology adopted as well in D3.3. In this 
context it foresees to extend the evaluation to an overall simulated coverage and evaluate for the 
combination of an overall FSS satellite system what the expected impact of resource allocation is in 
terms of system level gain. 

For this purpose, we simulate the end-to-end system level gains and emulate the performance for a 
defined coverage area and then the expected gain for the system on the basis of a location based 
averaging. We take into account the system level impact from adjacent beams (Adjacent beam 
interference, ABI) that was not yet taken into account in the D3.3 context. 

 Beamforming 6.4
Beamforming techniques could be integrated in the overall system context at terminal level to improve 
the cognitive zones as much as possible. Via the improved interference isolation between the satellite 
and the terrestrial system a gain is achieved which may result in reduced interference from the 
incumbent users into the FSS terminal receiver and potentially smaller cognitive zones around the BSS 
base stations for scenario A or the terrestrial receivers for scenario B.  

For the transmit context, scenario C, we assume that the beamforming system in the FSS terminal 
could be applied to reduce sidelobes in direction towards the terrestrial FS receiver location. This 
could work in a practical implementation with knowledge of the terrestrial FS receiver locations or 
eventually with a certain feedback from the FS system to adjust its spatial directivity, which is not 
assumed to be possible in the context of this study. The system concept therefore requires a feedback 
channel for the transmit beamforming to work reliably over a wide frequency range. 

Beamforming techniques at terminal level on the receive side 

For the adaptation of the beamforming techniques at terminal level on the receive side for scenarios A 
and B related frequency bands, we consider the possibility of the terminals to adapt their reception 
gain patterns to the requirements of the deployed location within a coverage area. Given the specific 
reception conditions the terminals can adapt its receive gain towards the desired satellite and from any 
possible direction on the horizon at which an interfering signal can be coming from to adapt its gain 
sensitivity to reduce the incumbent interferer’s impact as much as possible. We assume that this is 
performed at the terminal side in a controlled and autonomous manner without interaction from the 
NCC. In a similar manner as in previous related work as for example in the MLNB study [31]. The 
terminal has then a reception quality metric that allows its beam. 

The terminal based beam adjustment is then used to discriminate as much as possible the interfering 
signal and optimize for the reception signal quality metric, such as the signal to noise and interference 
ratio (SNIR) at reception. 

The overall beamforming system at reception is then outlined in the following Fig. 6.12. 

The front-end reception is performed with multiple reception paths, depending on the antenna design 
and how the front-end is designed. 

The FSS terminal performs the beamforming function and weighting evaluation based on algorithms 
defined in D3.3 and by using reception signal quality indicators, such as the signal to noise and 
interference ratio as well as other power level measurements that are available at the terminal 
demodulator side. 
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The weighting of the beamforming parameters is then, together with the achieved gain in signal to 
noise and interference ratio reported to the network control center (NCC) for record and for overall 
system monitoring and performance evaluation. This allows gaining feedback on the deployed 
terminals and their measured perceived interference impact as well as a direct operational metric of the 
beamforming gain in a deployed network. 

 
Figure 6.12 - Receive beamforming signaling paths. 

Beamforming techniques at terminal level on the transmit side 

On the transmit side, the beamforming in the terminal cannot rely on the direct reception signal quality 
indicator for adjustment. It has to rely in this case on the flawless knowledge of the FS receiver 
locations. We consider this potential terminal based beamforming technique also in the transmit path 
for the scenario C. 

 
Figure 6.13 - Transmit beamforming system integration. 

It is clear that the transmit beamforming option within the scenario C context requires very careful 
selection of the transmit parameters and sufficient margins to guarantee the required protection of the 
levels with respect to the FS receivers in the surrounding area. 

In this context it may be required to apply beamforming techniques that allow reducing the side-lobes 
in a specific horizon direction angular region to allow for sufficient spatial pointing margin. This may 
be possible with adequate antenna design and beamforming techniques. 

The overall beamforming system at the transmit side is then outlined in the following Fig. 6.13. 

  Dynamic Capacity Allocation (DCA) techniques 6.5
By dynamic capacity allocation techniques we defined the spectrum access techniques in the forward 
and return link that allow to allocate capacity so that the overall system capacity can be allocated 
taking into account the local interference conditions from the incumbent users. The terminals and 
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gateway routing capability to allocate the capacity on a specific frequency slot and with a defined 
maximal power level (on the return link) is a basic characteristic of the capacity allocation techniques. 

As already documented in the previous deliverables for this satellite cognitive radio study, D2.6 [32], 
the requirements of the end-to-end system requires a physical and link layer capacity allocation that 
allows to reallocate the capacity on the forward and return link per terminal as required by the overall 
network layout. This implies that the forward link per terminal can be re-routed to any of the allocated 
links on the network to mitigate specific incumbent user interference conditions. The same applies for 
the return link capacity allocation, where the capacity is related to a certain carrier group on the return 
link that can be mapped to a group of terminals that share the capacity pool. The frequency and power 
allocation of the return link capacity group allocation is considered flexible and reconfigurable so that 
the required spectrum resource usage can be reallocated as required on the system.  

For the forward link, we consider the reconfiguration of the terminals to different DVB-S2/S2X 
forward link carriers as a basis for this reallocation. This can be performed with a “minor” outage in 
case the receiver has only one signal tuner (to the forward link) and may be without link or traffic 
outage if the receiver has at least 2 independent tuner and front-end paths to be able to receive and 
decode 2 forward links. 

On the return link capacity allocation is performed according to the required constraints of the 
incumbent network on the terminal pool, in addition to the overall link and network constraints from 
the FSS satellite network. This is performed in a combination of possible carrier allocations that is 
managed and directed by the network control center (NCC). The return link capacity allocation is then 
performed along the possible reconfigurations on the return link, which include frequency, symbol 
rate, modulation and coding as well as power allocations for each return link carrier. This is a basis for 
the considered system, which can be using DVB-RCS2 related or compliant techniques or similar 
MxDMA/HRC techniques (which are Newtec return link carrier technologies). In both transmission 
standards the allocation to different carrier groups is possible and the overall resource allocation 
problems remain similar for the NCC. 

 System integration of the adapted cognitive techniques 6.6
This section outlines the integration of the adapted cognitive techniques to the defined system context. 
The additional functional blocks and the required data-flows related to the system integration of the 
adapted techniques are explained. System level aspects are evaluated, including cost/CAPEX/OPEX 
impact as well as technical readiness and robustness of the considered techniques. 

The overall system context considered is a two way satellite broadband system consisting of the 
following system elements: 

• End user terminal to access bi-directionally the satellite network 

• The Network Control Center 

• The Satellite Control Center and space segment 

• The Backbone Access Network 

The network control center is responsible for controlling, managing, and commissioning the FSS 
satellite terminals. 

The FSS satellite terminals are interconnected with the hub side, the network operations center and can 
from that interconnection be linked to any private or public network of the customers. The end-to-end 
connection is an IP based link that can be used in unicast and multicast mode and allows configuring 
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different quality of services classes to differentiate the traffic based on its application (VoIP, HTTP, 
FTP, streaming video, etc.) or on its priority from a customer provided criteria and scale (terminal 
types or subscription based prioritization). 

The space segment in this end-to-end architecture is assumed to be a transparent bent pipe satellite 
system that is a Ka-band capacity satellite system in a wide beam configuration or in a high 
throughput satellite system configuration. The overall system in an HTS configuration can be based on 
several gateways as network operation center to cover different beams and combine the overall 
network in a joint overall coverage. 

For the context of this study of Ka-band cognitive radio systems, we assume the defined reference 
system as detailed in the chapter 3. It is assumed that the Ka-band capacity available in each beam 
covers both non-exclusive and exclusive frequency bands. 

The considered reference system uses a four-color frequency reuse scheme with access to exclusive 
and non-exclusive frequency bands in each beam. This is mapped to a related subdivision of the 
forward link capacity allocation and the return link carrier group allocation, so that each terminal has 
access to non-exclusive and exclusive frequency bands from each FSS terminal location. 

Note that the satellite operation center and network operation center can be co-located in the same 
teleport but this is not necessary and also not of relevance for this study. 

The overall system capacity is subdivided into NGW different beam clusters that are all served from the 
same gateway (or part of a gateway network). And each of these clusters uses a certain part of the 
overall system capacity as defined in the frequency plan of the end-to-end system. The flexible 
allocation of resources to a certain part of the coverage area can be achieved by either scaling the 
power or bandwidth allocation of the satellite system. These flexibility techniques of flexible power 
allocation and flexible bandwidth allocation per beam have been studied recently exhaustively and are 
also commercially available from satellite manufacturers.  

For the usage of both the non-exclusive (NE) and exclusive (EX) frequency bands, it is envisaged to 
provide satellite capacity access to both spectrum parts in all beams. The gateways have to provide 
carrier pools that cover in forward link all required band allocations (at least 2 forward link carriers) in 
NE and EX frequency band allocations. The same configuration is foreseen for the return link, where 
also it is required to have a band allocation on both the NE and EX bands to cover all possible terminal 
interference configurations. 
In our overall system we assume that the NCC is in full control of the end-to-end network and that the 
capacity allocation per terminals in the network is fully managed by the NCC. The forward and return 
link carriers and physical and link layer capacity allocations are controller and to the maximum 
possible also optimized from the NCC perspective. The terminals in this network configuration react 
and obey the NCC directives in resource access. 

 Conclusions 6.7
Within this section, we have reviewed the cognitive techniques that were retained and elaborated in 
D3.3. The cognitive techniques were adapted to the FSS system context, which required a number of 
adjustments to be made and system specific assumptions to be considered. 

The required adaptations for the database (DB) technique relate mainly to the definition of interface 
requirements. There are no significant obstacles to the implementation of the DB technique in an FSS 
system context. 
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The implementation of the dynamic capacity allocation on the forward and return link requires a 
number of system requirements that need to be implemented. In particular the system requires to 
manage the allocation of the terminal to different forward links and different return link carrier groups 
(or MF-TDMA) frames. This requires the NCC to implement this allocation management and the 
functionality to redirect terminals to different forward and return link capacity allocations. 

For the resource allocation (RA) implementation in the end-to-end system context, the implementation 
of the defined cognitive technique in the NCC is considered feasible and possible on the basis of 
existing terminal link metrics (signal to noise ratio measurements) for the different forward links. 

The usage of spectrum sensing (SS-SNIR) as defined in D3.3 has been adapted to the end-to-end 
system context. The implementation is adapted to cope with the reference parameter uncertainties 
during the link setup. The presented elaborated technique makes use of power and signal to noise ratio 
measurements and takes into account long term observations to distinguish between interference and 
fading events and other link impairments that occur in practical FSS systems. 

For the return link, the implementation of the joint power and carrier allocation (JPCA) requires a 
flexible return link transmission scheme, such as a DVB-RCS2 return link or an HRC/MxDMA return 
link as considered in the context of this project. The flexibility and centralized allocation of the 
terminal transmit power, bandwidth and frequency carrier allocation is possible with the usage of 
HRC/MxDMA (as it would also be possible in a DVB-RCS2 return link). 

 

 

 

 

 

 

 

 

 

 

 



ICT−316779	  CoRaSat	   Deliverable	  D3.4 

Release	  01.00	  (Final	  version)	   pag.	  57	  of	  115 

7  CO M P A R A T I V E  S Y S T E M  GA I N  E V A L U A T I O N 
This chapter summarizes the system gain evaluation approach and results for the different techniques 
retailed and adapted to the reference system scenario described in the previous chapter. 

This entails the description of the detailed approach for the system analysis as well as the gain 
evaluation for the different techniques retained for the D3.4 context. 

The goal of the system gain evaluation is to measure, on the basis of real data examples for the 
scenarios A, B, and C as well as on the basis of a specific satellite mission context (near- and long-
term) the potential end-to-end system level benefit of introducing the novel frequency bands. 

The expected outcome of the evaluation is an overall system level efficiency that can be reached and a 
total throughput of the system. The reference is a state-of-the-art Ka-band satellite mission that uses 
exclusively the satellite Ka-band available today and no non-exclusive frequency bands.  

 System gain evaluation 7.1
For the gain evaluation of the different techniques, an overview of the techniques and contexts for the 
evaluation is presented in Table 23. 

Table 23 - System gain evaluation scenarios considered. 

 Scenario A Scenario B Scenario C Remark 

Coverage 
contexts 

UK  
(National DB) 

UK  
(National DB) 

FR  
(BRIFIC database) 

BE  
(only part of the 
database 
available) 

Finland/Slovenia 
(available P-MP 
data) 

 

Coverage area 
considered 

 

Throughput average per  

5 selected beams, per country and overall 245 beams 
system capacity assessment for the scenarios A and B 

and  

3 selected beams for scenario C evaluation 

 

Beams are selected 
as a national 
representative mix 
of population and 
incumbent usage 
density 

Channelization 
of the FSS link 
carrier 

63MHz carrier 63MHz carrier 1.2/7.92MHz 
carrier BW 

 

Database (DB) 
technique 

X 

 

X 

For UK and France 

 

X Metrics: 

SNIR statistics 

System level 
efficiency 
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DB and 
Resource 
Allocation 
(RA) 

X 

 

X 

For UK and France 

 

X Metrics: 

SNIR statistics 

System level 
efficiency 

DB and 
Beamforming 
at receive side 

/ X 

For France 

 

/N.A. Metrics: 

SNIR statistics 

System level 
efficiency 

 Evaluation Methodologies 7.2
NFC based evaluation 

The noise floor contour based system gain evaluation uses the interference impact computed by the 
UNIS based simulation of the noise floor contours and in combination with this the end-to-end link 
budget evaluation of the forward links for assumed FSS terminal locations within the coverage area 
considered. 

The evaluation of the cognitive techniques and the potential gain is made on the basis of the defined 
reference system and the incumbent system knowledge from the other systems. 

We follow the devised reference cases for the gain evaluation given in chapter 5.  

The computation has been done on a grid over the considered coverage area with 0.1degrees in 
Lat/Long as grid. 

Reference system with 20 carriers in 1450 MHz / beam and using the provided system parameters, the 
following summary results are obtained. 

 
Figure 7.1 - Gain evaluation methodology. 

The input elements for the gain evaluation on a gridded geographical basis are explained in the 
following. 

Population data 

For the statistical assessment of the overall gain, we consider the distribution of the FSS terminals 
along the assumption of a distribution that is proportional to the population density data (i.e., number 
of inhabitants per km2). This data is based on the publically available set of population density data 
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under the reference [33]. The population data is retrieved from this archive and put into the 0.1 deg. X 
0.1 deg. format grid for subsequent usage in this model. 

Interference model 

The interference modelling is based on the evaluation input received from the University of Surry 
interference assessment. This is based on a data set that is available data to the University of Surrey 
and using the full ITU-R P.452-15 model for the evaluation. This is further described in the 4.1. 

Terminal Assumptions 

For the terminal assumptions we consider the evaluation made at Newtec to implement a wideband 
Ka-band receiver front-end and LNB and the resulting assumptions on the antenna gain and LNB 
performance. The details can be found in chapter 5. 

Transmission scenario parameters 

The transmission parameters assumed for the numerical evaluation are summarized in Tables 24-25. 
Table 24 - Considered forward link parameters. 

 
Table 25 - Considered return link parameters. 

 

Current modem
Parameter Unit Value Comment
Waveform [-] TDM
Symbol rate [Mbauds] 52
Carrier roll-off [%] 20%
Carrier bandwidth [MHz] 62.4
Carrier spacing [MHz] 63
Transponder bandwidth [MHz] 1450 10% margin
Nb carriers / transponder [-] 20
Satellite G/T (V band) @ 50% [dB/K] 25.5
OBO [dB] 2.6
NPR [dB] 17
Tx Gain @ 50% of all the coverage [dBi] 53.8
Useful EIRP @ 50% of all the 
coverage

[dBW] 70.7

Parameter Unit Value Comment
Waveform [-] MF-TDMA
Symbol rate [Mbauds] 6.6
Carrier roll-off [%] 20%
Carrier bandwidth [MHz] 7.92
Carrier spacing [MHz] 8
Transponder bandwidth [MHz] 500 or 450 10% margin
Nb carriers / transponder [-] 56 or 50
Rx gain @ 50% of all the coverage [dBi] 53.8
Satellite G/T (Ka band) @ 50% of all 
the coverage

[dB/K] 25.8

IBO [dB] 5.3
OBO [dB] 3.7
NPR [dB] 20
Useful EIRP (Q-band) [dBW] 66 @ OBO
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For the gain evaluation we consider a realistic scenario, which would be realizable with existing 
modem parameters and performance thresholds. This is to get a perspective of what gain is feasible 
with existing transmission technology. 

The assumed carrier allocation includes the allocated bandwidth per beam and the resulting possibility 
to allocate carriers considering the considered scenario. This is based on the defined assumption to 
allocate 1450 MHz / beam in the considered non-exclusive and exclusive Ka-band allocations. We 
consider then a carrier bandwidth of 62.4 MHz.  

A 20 carrier / beam allocation is then assumed for the considered scenario. This allows to foresee a 
mix of scenario A, scenario B non-exclusive band allocations per beam on one side and scenario B and 
exclusive band allocation on the second frequency allocation per beam. This is outlined in more details 
in the overview we have defined for the frequency allocation per beam considered. 

The system gain evaluation is performed as follows for the different contexts considered. 

7.2.1 Evaluation 1: Database technique (DB) for scenarios A and B 

System gain evaluation of the database techniques is performed in the following manner as described 
in the methodology herein. The overall system reference performance is evaluated for the context of 
the system performance as defined herein. The system gain difference is evaluated between a 
reference system with and without database derived cognitive zones. 

Coverage data + NFC data / terminal position allows to evaluate the SNIR / terminal for all possible 
forward link carriers for scenario A and B and for the return link carrier slots for the scenario C. 

7.2.2 Evaluation 2: Resource Allocation (RA) for scenario A and B 

A similar procedure as for evaluation step 1 is used in this case, with the additional evaluation of the 
resource allocation / terminal location. In this context we consider the terminals that are affected by 
terrestrial interference (from scenario A and B) and that may gain from an improved allocation using 
the resource allocation (RA) mechanism on the forward link. This means that a selection of the 
terminals is performed based on the impact of the FS or BSS interference on the link budget. We 
consider as “measurable interference” in this case 0.1 dB increase in noise level based on the 
interference presence. 

7.2.3 Evaluation 3: Database in combination with Resource Allocation for 
scenario C 

An evaluation of the database, resource allocation approach is performed for scenario C for the 
available FS link coverage data cases. The available data for scenario C FS links is from Finland and 
Slovenia and a system gain evaluation has been performed for these use cases.   

7.2.4 Evaluation of multi-beam satellite coverage 

The considered reference context is a Ka-band system that uses the existing satellite exclusive bands 
and only applies these to the assumption that the same EIRP density is used as in the defined reference 
case. This assumes that we are limited by applicable limits for EIRP density on the downlink. 

To assess the performance an example coverage performance is considered. 

The overall comparison is made for use cases with terminals located in the UK at random locations on 
the landmass. A weighting with the population density at the respective location in Lat/Long is made 
on the results. 
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The end-to-end link evaluation is performed for all considered carriers in the useful bandwidth. A 
possible allocation of the terminal to the best possible carrier can be performed, if we assume that the 
resource allocation is possible. This means that we compute the link budgets for all carriers / terminal 
and assume random allocation of carrier / terminal in general and best possible (in the SNIR sense) 
allocation in case resource allocation (RA) is used. 

 
Figure 7.2 - Considered UK multi-spot beam coverage representation (Gain and adjacent beam interference C/I 

maps), as color coded coverage data. 

 
Figure 7.3 - Considered UK and France multi-spot beam coverage and worst case adjacent beam interference C/I 

levels assumed. 
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7.2.4.1 Used scenario B interference levels 

The considered noise floor contour interference levels in this assessment result from the used 
configurations obtained for the 20 carrier frequency bandwidths used in combination with the scenario 
B data available for the UK from regulatory input. The FS link interference impacts into FSS terminal 
reception have been assessed and made available by the University of Surrey. These results are 
location specific and compatible with the assumed system assumptions for the considered gain 
evaluations. These interference levels are integrated at the FSS terminal location over the considered 
carrier frequency band to result in the expected C/I levels.  

7.2.4.2 Terminal assumptions 

The end-to-end terminal assumptions are based on the provided information here in section 5.2. 

The 75 cm antenna reflector end consumer antenna is considered in this context and the interference 
impact is based on a typical antenna pointing direction and the usage of measured antenna patterns. 

 Scenario A and B Noise Floor Contour based evaluation 7.3
For this evaluation, the interference computations from the evaluations by the University of Surrey 
were used to compute an overall link assessment of the system for different locations in UK and 
France. The following subsections present the results for the system enabling techniques (DB) as well 
as the additional usage of a (forward link) resource allocation (RA) methodology at the NCC 
(according to D3.3 presented RA technique). 

7.3.1 Assessment of the enabling technologies (Database) 

For the assessment of the system level gain for the enabling technologies to include scenario A and B 
in the forward link and scenario C in the return link, the multi-beam satellite coverage is considered, 
comparing the reference case to the considered scenario throughput results. 

This enables a review of the possibility of how much the system can gain in terms of throughput in the 
case of using additional bandwidth in the links. 

The overall capacity per satellite platform is assessed on the basis of available bandwidth per forward 
link and return link. 

An FSS terminal location is assumed in the coverage area at random, these are evaluated in terms of 
link performance considering the FS interference on all possible carrier frequencies per beam and the 
resulting achieved efficiency on the forward and the return link. The overall performance is taken into 
account in the assessment of the overall capacity per beam and per coverage area (i.e.. France, UK). 
Furthermore these are then evaluated over the possible coverage area that is considered and taken into 
account in an overall comparison. The reference case considered is the availability of only the 
exclusive bands per beam. From this reference case we can compute the expected system level gains 
for the basis use case when the scenarios A, B, and C frequency bands are made available to the end-
to-end system context. 

Based on a repeated emulation of terminal locations over a large number and weighting the locations 
with the applicable local population density yields the expected result in terms of average throughput 
per country and in total then for an assumed system design as outlined in the chapter 5. 

The resulting evaluation has been performed assuming the usage of database as well as spectrum 
sensing where database sets are not available and in combination with the possibility to allocate the 
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capacity of the end-to-end system over a set of forward link carriers that are configured in the system 
over the non-exclusive and exclusive frequency bands. 

Using the interference maps generated from mature data bases for France and the UK we show that the 
capacity for use of the shared as well as the exclusive bands can provide significant gain. In Table 26 
we summarize the results of the comparison of a reference Ka-band multi spot beam system with the 
assumed additional usage of the scenario A [17.3-17.7] GHz and B [17.7-19.7] GHz frequency bands 
in combination with the exclusive [19.7-20.2] band.  

Table 26 - Forward link capacity estimates over France and UK coverage for considered use cases 1 - 3. 

Coverage	   scenario	  
considered	  

Capacity	   evaluation	  	  
with	   exclusive	   band	  
only	  [19.7-‐20.2GHz]	  

Capacity	   evaluation	  	  
with	   non-‐exclusive	  
(scenario	  A	   and	  B)	   and	  
exclusive	   bands	   (no	  
terrestrial	   interference	  
assumed)	  

Capacity	   evaluation	  	  
with	   non-‐exclusive	  
(scenario	  A	  and	  B)	  and	  
exclusive	   band	   with	  
FS	   interference	  
modelled	  

Coverage	   area	   U.K.	  
(about	  11	  beams)	  

5.4Gbps	   25.1Gbps	   22.8Gbps	  

Coverage	   area	   France	  
(about	  26	  beams)	  

12.7Gbps	   59.2Gbps	   53.5Gbps	  

In these assessments we assume that no usage of resource allocation (RA) is made. The carriers are 
allocated per terminal at random (another allocation strategy could be used at the hub side but this 
remains outside the scope of this work).  

From these assessments using as basis a realistic state-of-the art satellite design assumption as well as 
the dataset available from regulatory contexts for the scenario B as basis for potential interference 
assessment and assuming a transmission plan on the basis of a feasible channelization of 62 MHz, we 
can conclude that a significant gain can be reached with the scenario A and B frequency bands. 

The availability of the additional frequency bands for scenario A [17.3-17.7] GHz and B [17.7-19.7] 
GHz would achieve an additional throughput of 3.6 times the exclusive band. 

From these practical assessments it can be concluded that the usage of the scenario A [17.3-17.7] 
GHz, scenario B [17.7-19.7] GHz frequency bands provides a significant additional capacity for the 
Ka-band FSS satellite broadband access services. The availability of these frequency bands are key to 
at least quadruple the overall system capacity with the usage of mature and developed cognitive radio 
techniques, such as database access and flexible channel or resource allocation. 

The throughput per coverage metric assumes that all possible resources over the coverage area are 
used for the service. It is therefore a maximal coverage throughput figure that can be achieved 
theoretically if one would find customers in all possible locations. In practice it is expected that the 
beams covering residential areas with a high population density, such as the London and Birmingham / 
Manchester areas, are filled first. Potential payload techniques exist that would permit to mitigate the 
effect of the saturation of one beam and allow the increase in resources in one beam by allocating 
more power and/or more bandwidth. Such payload optimizations are considered outside the context of 
this study. It should be noted however that the availability of additional bandwidth with the 
introduction of non-exclusive frequency bands further permits to leverage the potential of the payload 
techniques to flexibility allocate capacity by introducing additional bandwidth resources. 
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7.3.2 Assessment of enhancing techniques (Resource Allocation) 

The resource allocation assessment is based on the assumption that the number of interfered carriers is 
potentially reduced on the basis of the D3.3 resource allocation technique which enables the 
interference aware allocation of the resources on the forward link for scenario A and B. 

While for the system gain evaluation we consider the FSS terminal population to be distributed 
according to the population geographic density. Since the RA technique can only result in an improved 
efficiency in case of incumbent user interference in practice, in this section we consider in addition an 
assessment of the resource allocation (RA) technique to specific terminals that are considered 
impacted by interference conditions from incumbent users. 

The considered particular comparison here is made in terms of additional gain that can be achieved for 
the carriers that are under interference, so in the cognitive zones of the scenario A or B related 
terrestrial BSS or FS transmissions. 

From these perspective the additional gain is assessed that can be achieved in terms of applying the 
RA technique in addition to the DB technique. 

This particular evaluation foresees to consider interference “impacted terminals” in the close vicinity 
of the FS sites, which are locations where the interference level form the terrestrial input exceeds a 
result of a measurable 0.1dB on the long-term link performance. All other terminals are considered not 
interfered and outside the cognitive zone. With this definition of “impacted terminal”, we note slightly 
above 10% of the emulated terminal locations are potentially significantly interfered such that a 
measurable impact on the link is perceived on the basis of the provided data. 
In this assessment we assume the usage of resource allocation (RA) such that all link carriers are 
assessed and the most efficient carrier is allocated to each simulated terminal for a given location. 

From these terminals, the assessed impact of the terrestrial interference may be avoided using 
enhancement techniques such as RA on the forward link reception. This assessment is performed by 
assuming the following allocation strategies for the carriers / terminal: 

1. No RA is used 
In this case the allocation is assumed to be performed on a random basis. The hub (NCC) does 
not know which of the carriers to select and may allocate without knowledge of the terrestrial 
interference the terminals to the carriers in the non-exclusive frequency bands.  

2. Applying the RA strategy to the carriers / terminal allocation 
In this scenario we assume that the resource allocation at the NCC is used and permits to 
choose an optimal carrier. The best possible carrier allocation / terminal is chosen that 
maximizes the efficiency / terminal. 

This additional benefit of applying a resource allocation (RA) technique such as defined in D3.3 was 
evaluated then to be around 30% and is considered for France coverage in the next section.  

 Scenario B evaluation over France 7.4
In this section, we provide the gain evaluation of the resource allocation techniques in Scenario B. The 
following databases have been considered to obtain a realistic simulation setup: 

• the parameters related to FS system are obtained from ITU-R BRIFIC database, [5].  
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• The altitude of the FSS location from the mean sea level is obtained from the terrain data 
available online based on latitude and longitude grids (extracted from the US National 
Geospatial-Intelligence Agency (NGA), [34]. 

• The FSS locations over a specific beam have been generated according to population density 
database produced by NASA Socioeconomic Data and Applications Center (SEDAC), [33]. 

• A real satellite multi-beam pattern has been kindly provided by Thales Alenia Space for this 
project.  

7.4.1 Methodology 

From the 29 different beams providing coverage to France, we select the 5 most representative ones. 
The resulting throughput calculations are combined with a proper weighting factor to give the final 
gain evaluation result.  

7.4.2 Selection of the most representative beams 

Fig. 7.4 shows the example multi-beam pattern provided by TAS for France. The beams have been 
numbered for referring to them through this document.  For each beam, we calculated the number of 
FS links in a 140 Km radius area from the beam centre. These values are summarized in Table 27. 

	  
Figure 7.4 - Multi-beam pattern for France.	  

From the 29 beams depicted in Fig. 7.4 we exclude the beams 1, 2, and 23 because the majority of 
their footprint covers adjacent countries.  

We use the histogram function of MATLAB to approximate the Probability Density Function (PDF) 
of the beams according to the number of FS links contained in each beam. We choose the number of 
bins equal to the number of representative beams (in this case, 5). Fig. 7.5 shows the corresponding 
PDF. 
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Table 27 - Distribution of FS links over France. 

Beam Number Number of FS links 
1 210 
2 420 
3 1681 
4 586 
5 413 
6 715 
7 675 
8 1994 
9 1522 

10 661 
11 657 
12 585 
13 696 
14 635 
15 615 
16 951 
17 788 
18 1017 
19 770 
20 603 
21 1213 
22 1322 
23 431 
24 639 
25 666 
26 813 
27 906 
28 1220 
29 773 

 
 

 
Figure 7.5 - Approximate PDF of the FS links per beam. 
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We select one beam per each bin in Fig. 7.5. The weight of each selected beam will be its 
corresponding probability (extracted from Fig. 7.5). 

To select one beam per each bin, we choose the one whose number of FS links lies the closest to the 
mean value to the mean of FS links of the bin. To illustrate this procedure, let us focus on the first bin 
of Fig. 7.5, which groups 13 different beams. These beams are listed in Table 28 together with their 
corresponding number of FS links. For this bin, we will select the beam number 14, because its 
number of FS links (635) is the closest to the mean (626.6). 

Fig. 7.6 shows the 5 representative beams chosen for the gain evaluation exercise and Table 29 
summarizes the information of each selected beam. 

Table 28 - Analysis of bin number 1. 

Beams in bin=1 Number of FS links 
5 413 

12 585 
4 586 

20 603 
15 615 
14 635 
24 639 
11 657 
10 661 
25 666 
7 675 

13 696 
6 715 
 Mean =  626.6154 

 
Figure 7.6 - Selected beams. 
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Table 29 - Selected beams. 

	   Beam	  Number	  in	  
Figure 7.4	  

FS	  links	   Weighting	  factor	   Latitude	   Longitude	  

1	   14	   635	   0.5	   46.4896N	   1.5707E	  
2	   27	   906	   0.26923	   43.5876N	   3.9157E	  
3	   28	   1220	   0.11538	   43.7635N	   5.3898E	  
4	   9	   1522	   0.038462	   48.3364N	   3.5137E	  
5	   3	   1681	   0.076923	   50.0072N	   2.0397E	  

7.4.3 Interference Modeling 

As described in D3.2, there are many propagation mechanisms that affect the interference modeling. 
Among those, we focused on: 

• free space path loss: The loss in signal strength of an electromagnetic wave that would result 
from a line-of-sight path through free space, with no obstacles nearby to cause reflection or 
diffraction. The equation for the free space path los is the following, 

2

4
),( ⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
=

df
cfdL
π

 

with d being the transmitter-receiver distance and f being the carrier frequency; 

• diffraction loss: Phenomena which occur when a wave encounters an obstacle or a slit.  

In D3.3, it was shown that the terrain height data based diffraction effect is extremely significant in 
computing the interference accuracy at a particular location. To model the diffraction loss we followed 
the recommendation ITU-R P.526-13 “Propagation by diffraction,” [35]. Next section reviews the 
diffraction loss modeling considered in this evaluation. Fig. 7.7 shows the terrain data for France, 
which we will use throughout this document. 

 
Figure 7.7 - Terrain data in meters for France. 
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7.4.4 Diffraction Modeling: The Bullington model 

To implement the Bullington model, we need a detailed propagation path profile consisting of terrain 
height in meters above the sea level for a succession of distances from the transmitter (TX) to the 
receiver (RX). The first and last points of this profile, ),( 11 hd and ),( nn hd , must give terrain height 

underneath the two antennas, and the TX antenna and RX antenna heights above ground must be 
supplied separately ( tsh and rsh , respectively). The units of id are kilometers, while ih , tsh  and rsh  

must be in meters. The effective Earth curvature is denoted with eC [km-1] is given by 
er

1 where er is 

the effective Earth radius in km. Wavelength in meters is represented byλ . 

Figg. 7.8-7.9 provide an example on how the propagation path profile looks like for a particular TX-
RX pair. 

 
Figure 7.8 - Terrain data of a particular TX-RX location. 

 
Figure 7.9 - Terrain profile of the TX-RX path in Fig. 7.8. 

First of all, we should find the intermediate profile point with the highest slope of the line from the 
transmitter to the point. 
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where the profile index i  takes values from 2 to 1−n . 

Then, we calculate slope of the line from TX to RX assuming a Line-of-Sight (LoS) path: 

d
hhS tsrs

tr
−

=  [m/km] 

Two cases must now be considered. 

Case 1: If trtim SS <  the path is LoS 

Find the intermediate profile point with the highest diffraction parameter ν : 

⎭
⎬
⎫

⎩
⎨
⎧

−⎥⎦

⎤
⎢⎣

⎡ +−
−−+=

)(
002.0)()(500maxmax

ii

irsits
iiei ddd

d
d

dhddhdddCh
λ

ν  

where the profile index i  takes values from 2 to 1−n . In this case, the knife-edge loss for the 
Bullington point is given by: 

)( maxνJLuc =  [dB] 

Where the function )(νJ is given by the following equation for 78.0−>ν (it is zero otherwise): 

)1.01)1.0(log(209.6)( 2 −++−+= νννJ        [dB] 

Case 2: If trtim SS ≥  the path is trans-horizon 

Find the intermediate profile point with the highest slope of the line from the receiver to the point, 

⎥
⎦

⎤
⎢
⎣

⎡

−

−−+
=

i

rsiiei
rim dd

hdddChS )(500max       [m/km] 

where the profile index i  takes values from 2 to 1−n . Calculate the diffraction parameter, bν , for the 

Bullington point is given by: 

)( buc JL ν= [dB] 

With the same function )(νJ that was given before. 

For ucL  calculated using either Case 1 or Case 2, Bullington diffraction loss for the path is now given 

by: 

[ ]( )dLLL ucucb 02.010)6/exp(1 +−−+=  [dB] 

7.4.5 Numerical Results 

The performance was evaluated by averaging over 50 independent FSS terminal geographical 
distributions, which were selected uniformly at random for each realization within the considered 
beam footprint according to the population density database (see Fig. 7.10). The number of FSS 
terminals L is set to be 40, which coincides with the number of carriers to be assigned. A summary of 
the most relevant parameters and the FSS link budget details are presented in Table 30. An example of 
FSS terminal users’ distribution together with the location of the FS stations and the beam pattern of 
beam number 28 (Marseille area) is depicted in Fig. 7.11. 
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Figure 7.10 - Population data in France (reddish areas indicate high density of population). 

Table 30 - Simulation Parameters. 

 

 
Figure 7.11 - Beam Pattern (G) of Marseille beam. 
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As we performed in D3.3 as well, we consider the following cases: 

• Case 1: Exclusive band only: In this case, the SINRs and user rates are calculated using only 
exclusive carriers.  

• Case 2: Shared plus exclusive band w/o FS presence: In this case, the SNRs and user rates 
were calculated considering both shared and exclusive carriers, but without considering the FS 
system.  

• Case 3: Shared plus exclusive bands w/ FS presence: In this case, the SINRs and user rates 
were calculated considering both shared and exclusive carriers, and considering the FS 
system.  

The results of the three evaluated beams are shown in Table 31 and Table 32. 
Table 31 - Per Beam Throughput (Mbps) for the considered beams in different cases. 

	  
	  

Beam	  
No.	  

	  

Exclusive	  
only	  

(case	  1)	  

Shared+exclusive	  in	  the	  absence	  
of	  FS	  interference	  

(Case	  2)	  

Shared+exclusive	  in	  the	  presence	  of	  
FS	  interference	  

(Case	  3)	  

w/	  o	  CA	  

	  

w/o	  CA	   w/CA	   w/o	  CA	   w/	  CA	   w/	  
CA+BF	  

28	   718.47	   3626.94	   3646.07	   3623.62	   3645.79	   3659.71	  

27	   725.76	   3641.67	   3646.28	   3640.18	   3646.28	   3661.03	  

14	   660.42	   3304.87	   3309.07	   3304.11	   3309.08	   3331.52	  

9	   679.13	   3404.98	   3410.56	   3404.25	   3410.56	   3457.66	  

3	   675.10	   3414.17	   3419.78	   3413.7323	   3419.78	   3468.05	  

Table 32 - System Throughput (Mbps) calculation over France. 

	  

	  

Beam	  No.	  

	  

	  

	  

Weighting	  
factor	  	  

based	  on	  
FS	  density	  

Exclusive	  
only	  

(case	  1)	  

Shared+exclusive	  in	  
the	  absence	  of	  FS	  

interference	  

(Case	  2)	  

Shared+exclusive	  in	  the	  
presence	  of	  FS	  interference	  

(Case	  3)	  

w/	  o	  CA	  

	  

w/o	  CA	   w/CA	   w/o	  CA	   w/	  CA	   w/	  
CA+BF	  

28	   0.11538	   718.47	  

	  

3626.94	   3646.07	   3623.62	   3645.79	   3659.71	  

27	   0.26923	   725.76	  

	  

3641.67	   3646.28	   3640.18	   3646.28	   3661.03	  

14	   0.5	   660.42	   3304.87	   3309.07	   3304.11	   3309.07	   3331.52	  
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Table 32 shows the per beam throughput for the five selected beams over France. The methodology 
followed for throughput evaluation is based on D3.3 and the employed carrier allocation and 
beamforming methods have been discussed already in D3.3. From Table 32, it can be noted that the 
throughput values significantly differ across the considered beams even for the case of exclusive only 
case, which is due to different beam gains and C/I values over these beams.  

In Table 32, we calculate the total system throughput considering the weighting factors evaluated in 
Table 29. First, per beam average throughput was calculated for each individual case and then the total 
throughput was calculated considering 245 beams of the satellite.  The conclusions are summarizes in 
the following: 

• The average throughput per beam gain obtained with the introduction of the non-exclusive 
frequency bands and the proposed CA technique is 4 times higher compared to the exclusive 
band only reference case.  

• Using the proposed CA we can achieve similar average throughput as if there were no FS 
system. This is because the FS interference is low compared to the satellite C/I. 

• The use of resource allocation techniques in this scenario provides overall system throughput 
of the order of 850 Gbps as compared to 168 Gbps for the exclusive band only. 

 Scenario C evaluation for Finland 7.5
In this section, we provide the gain evaluation of the resource allocation techniques in Scenario C. The 
following databases have been considered to obtain a realistic simulation setup: 

• the parameters related to FS system are obtained from the Finnish regulator; 

• the altitude of the FSS location from the mean sea level is obtained from the terrain data 
available online based on latitude and longitude grids (extracted from the US National 
Geospatial-Intelligence Agency (NGA), [34]); 

• The FSS locations over a specific beam have been generated according to population density 
database produced by NASA Socioeconomic Data and Applications Center (SEDAC), [33]; 

• The satellite coverage assumed is based on the provided example coverage from the [28] 
mission study, provided by TAS for this project. 

 

	  

9	   0.038462	   679.13	  

	  

3404.98	   3410.56	   3404.25	   3410.56	   3457.66	  

3	   0.076923	   675.10	   3414.17	   3419.78	   3413.73	   3419.78	   3468.05	  

	  

Per	  beam	  
average	  

throughput	  

	  

1	  

	  

686.56	  

	  

	  

3444.97	  

	  

3451.16	  

	  

3443.74	  

	  

3451.13	  

	  

3473.46	  

Total	  
throughput	  

	   168.21	  
Gbps	  

845.54	  
Gbps	  

884.02	  
Gbps	  

843.72	  
Gbps	  

845.53	  
Gbps	  

851	  
Gbps	  
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The resource allocation technique applied here is the same described in Section 4 of the present 
document. 

7.5.1 Finland Database [28 GHz] 

The Finnish database in the 28 GHz band contains 984 entries. All the links are Point-to-Point (P2P) 
and Frequency Division Duplex (FDD). The TX-RX frequency pair can be easily obtained from the 
database. 

The geographical distribution of the FS stations can be found in Fig. 7.12. 

 
Figure 7.12 - Geographical distribution of FS stations in Finland for 28 GHz band. 

According to Fig. 7.13, 904 of them have 56 MHz bandwidth, 76 with 28 MHz and only 4 with 14 
MHz bandwidth. 

 
Figure 7.13 - Bandwidth distribution of FS stations in Finland for 28 GHz band. 

All the antenna gains are above 32 dBi, with mostly at 38 dBi followed by 42 dBi, as indicated in Fig. 
7.14. 
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Figure 7.14 - Antenna gains distribution of FS stations in Finland for 28 GHz band. 

In total there are only 11 carrier frequencies used by the FS stations, as depicted in Fig. 7.15. 

 
Figure 7.15 - Carrier distribution of FS stations in Finland for 28 GHz band. 

Fig. 7.16 shows the distribution of the antenna diameter, and indicates that most of the antennas have 
0.3 m (754) diameter followed by 0.6 m (228), and 0.2 m (2). 

 
Figure 7.16 - Antenna diameter distribution of FS stations in Finland for 28 GHz band. 
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Finally, Fig. 7.17 shows the distribution in terms of transmission power. It can be observed that all the 
antennas have a transmission power less than -5 dBW. 

 
Figure 7.17 - Transmission power distribution of FS stations in Finland for 28 GHz band. 

7.5.2 Methodology 

The following sections explain the procedure followed to select the 3 most representative beams in 
Finland and how to combine them for the gain evaluation exercise.  

7.5.3 Selection of the most representative beams 

Fig. 7.18 shows the multi-beam pattern provided by TAS for Finland. The beams have been numbered 
for referring to them through this document.  For each beam, we calculated the number of FS links in a 
140 Km-radius area from the beam centre. These values are summarized in Table 33. 

Table 33 - Distribution of FS links in Finland. 

Beam Number Number of FS links 
1 32 
2 902 
3 6 
4 2 
5 4 
6 10 
7 8 
8 20 
9 0 
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Figure 7.18 - Multi-beam pattern for Finland. 

From the 9 beams depicted in Fig. 7.18 there is one that concentrates a huge amount of FS links. This 
is beam number 2, which gives coverage to the Helsinki area.  

We use the histogram function of MATLAB to approximate the Probability Density Function (PDF) 
of the beams according to the number of FS links contained in each beam. We choose the number of 
bins equal to the number of representative beams (in this case, 3). Fig. 7.19 shows the corresponding 
PDF. 

 
Figure 7.19 - Approximate PDF of the FS links per beam. 

We will select two beams from the first bin and one beam for the third bin in Fig. 7.19. The beam 
corresponding to the third bin in Fig. 7.19 is beam number 2, which gives coverage to the Helsinki 
area. Its weight will be 0.111, corresponding to its probability (extracted from Fig. 7.19). 

In order to select two beams from the first bin in Fig. 7.19, we repeat the PDF but excluding the beam 
number 2 and taking into account both PDFs (Figg. 7.19-7.20) for the final weighting. The second 
PDF is depicted in Fig. 7.20. 
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Figure 7.20 - Approximate PDF of the FS links per beam (excluding beam number 2). 

Fig. 7.21 shows the 3 representative beams chosen for the gain evaluation exercise and Table 34 
summarizes the information of each selected beam. 

 
Figure 7.21 - Selected beams for Finland. 

Table 34 - Selected beams for Finland. 

	   Beam	  Number	  in	  
Fig.	  7.21	  

FS	  links	   Weighting	  factor	   Latitude	   Longitude	  

1	   1	   32	   0.222	   60.8801N	  	   22.8749E	  
2	   2	   902	   0.111	   61.2905N	  	   25.4073E	  
3	   3	   6	   0.667	   61.7522N	  	   27.878E	  

 

7.5.4 Interference Modeling 

The interference is modeled following the preceding section of the present document and using the 
terrain data extracted from the US National Geospatial-Intelligence Agency (NGA), [34]. Fig. 7.22 
shows the terrain data for Finland. 
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Figure 7.22 - Terrain data in meters for Finland. 

7.5.5 Numerical Results 

The performance was evaluated by averaging over 50 independent FSS terminal geographical 
distributions, which were selected uniformly at random for each realization within the considered 
beam footprint according to the population density database obtained from NASA SEDAC, [33] (see 
Fig. 7.23). The number of FSS terminals L is set to be 356, which coincides with the number of 
carriers to be assigned. A summary of the most relevant parameters and the FSS link budget details are 
presented in Table 35. Note that we considered the usage of the entire return link frequency band, i.e., 
2.5 GHz. An example of FSS terminal users’ distribution together with the location of the FS stations 
and the beam pattern of beam number 2 (Helsinki area) is depicted in Fig. 7.24. 

 
 

Table 35 - Simulation Parameters. 
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Figure 7.23 - Population data in Finland (reddish areas indicate high density of population). 

 
Figure 7.24 - Beam Pattern of Helsinki area. 

The results of the three evaluated beams are shown in Table 36 and Table 37. It is important to keep in 
mind that the proposed JPCA ensures that any combination of powers never results in an aggregate 
interference above the acceptable threshold. 

In the most denser area in terms of FS links (corresponding to the beam number 2 covering Helsinki), 
the proposed JPCA provides 400.3% gain over the only exclusive band, which coincides with the best 
results that can be achieved in this particular scenario. The optimal power allocation provides a 6.6% 
more throughput compared with a suboptimal one. 
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In the sparsest area, in terms of FS links (corresponding to the beam number 3), the JPCA provides 
also a gain around 397.7% over the only exclusive band, which, again, coincides with the best results 
that can be achieved in this particular scenario. However, the optimal power allocation provides only a 
marginal 0.1% more throughput compared with a suboptimal one and this is due to the lesser number 
of FS stations present in this area. 

Table 36 - Per Beam Throughput (Mbps) for the considered beams in different cases. 

Table 37 - System Throughput (Mbps) calculation over Finland. 

The results after combining the three evaluated beams are shown in Table 37. First, the per-beam 
average throughput was calculated for each individual case and then the total throughput was 
calculated considering 245 beams of the satellite. The conclusions are summarizes in the following: 

• the gain over the exclusive only case is evaluated to be approximately 4 times; 

• using the proposed JPCA we can achieve the same throughput as if there were no FS system, 
while ensuring protection to them; 

	  
	  

Beam	  
No.	  
	  

Exclusive	  only	  
(case	  1)	  

Shared+exclusive	  in	  the	  
absence	  of	  FS	  	  

(Case	  2)	  

Shared+exclusive	  in	  the	  presence	  
of	  FS	  	  

(Case	  3)	  
w/o	  	  CA	  	   w/o	  	  CA	  	   w/	  CA	   w/	  	  JPCA	  (subopt)	   w/	  JPCA	  (opt)	  

1	  	   1098.79	   5467.67	   5474.58	   5453.37	   5474.58	  

2	   1015.55	   5077.65	   5081.19	   4765.63	   5081.19	  

3	   1127.58	   5607.49	   5612.45	   5606.72	   5612.45	  

	  
	  
Beam	  No.	  	  
	  

	  
	  
Weighting	  
factor	  	  
based	   on	  
FS	  density	  

Exclusive	  only	  
(case	  1)	  

Shared+exclusive	  in	  the	  
absence	  of	  FS	  
interference	  
(Case	  2)	  

Shared+exclusive	  in	  the	  
presence	  of	  FS	  
interference	  
(Case	  3)	  

w/o	  CA	   w/o	  CA	   w/	  CA	   w/	  	  JPCA	  
(subopt)	  

w/	  JPCA	  
(opt)	  

1	   0.222	   1098.79	   5467.67	   5474.58	   5453.37	   5474.58	  

2	   0.111	   1015.55	   5077.65	   5081.19	   4765.63	   5081.19	  

3	   0.667	   1127.58	   5607.49	   5612.45	   5606.72	   5612.45	  

Per	  beam	  
average	  
throughp

ut	  

	  

	   1108.75	   5517.64	   5522.87	   5479.32	   5522.87	  

Total	  
throughp

ut	  

	   271.65	  Gbps	   1351.8	  
Gbps	  

1353.1	  
Gbps	  

1342.4	  
Gbps	  

1353.1	  
Gbps	  
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• on the overall system average, the optimal JPCA provides a marginal gain of 0.8% over the 
non-optimal JPCA (note that there is only one beam in Finland with high deployment of FS); 

• the use of resource allocation techniques in this scenario provides overall system throughput 
of the order of 1350 Gbps for the entire satellite coverage and considering the usage of the 
entire available frequency band on the return link. 

 Sensitivity of the data input to measurement errors  7.6
In order to evaluate the overall performance of the system as system gain in function of the accuracy 
of the database information provided, a sensitivity analysis is performed for the scenarios A and B in 
the [17.3-17.7] GHz and [17.7-19.7] GHz frequency bands, respectively. 

In this case we assess the spread of the link budget results from the best to the worst possible carrier 
allocations in case of the presence of a terrestrial interferer (BSS feeder link for the case related to 
scenario A and FS transmitter for the case of scenario B). This is performed in combination with the 
assumed transmission scenarios for the above-mentioned cases. 

The overall link evaluations have been performed also here assuming a 20 carrier per 1450 MHz per 
beam allocation with 63 MHz occupied bandwidth per carrier. 

A wrong or mistaken allocation of the terminals to an interfered carrier can result in a significant 
impact on the link efficiency towards that terminal. 

On the basis of randomly assumed FSS terminal locations for 3000 terminals the local interference is 
taken into account from the input provided by the database noise floor contour (NFC) grids (0.1 deg. x 
0.1 deg.) as provided by the University of Surrey. 

The overall assessment is summarized in Table 38. 
Table 38 - Sensitivity impact of the available data on the overall system gain. 

 Evaluated efficiency average [bps/Hz] on FWD link  
(scenario A and B) 

When using Resource Allocation (RA) 2.2 

Under worst case conditions / carrier 2.05 

Difference ~7% degradation 

The impact of an unknown local interference on the FSS reception of an individual link may however 
be very significant, even if on average the overall throughput is not impacted much, simply by the fact 
that on the large scale the number of interference situations in scenario A and B is limited. 

On an individual link, the link budget evaluation for the worst case impact shows however a 
significant potential impact under worst case conditions. This would be the case of a close by FS 
transmitter interfering quasi directly into the FSS receiver without being registered in the database. 

In this case the overall system concept foresees the dual forward link reception mechanism. This is 
closely related to the way the consumer satellite broadband terminals operate already today under 
multiple forward link conditions with the application of a “home carrier”. This is in this system 
concept a carrier on the exclusive band allocation, which is used in case the interference situation does 
not permits the usage of the carrier(s) on the non-exclusive band. 
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Using a forward link carrier on the exclusive band as fallback configuration in case the reception of 
the allocated transponder is not possible or is significantly degraded allows mitigating this problem of 
unexpected interference on the forward carrier. 

This mechanism requires an adequate fallback mechanism in the terminal in case the forward link 
reception is significantly reduced for a certain time and if then even no specific message from the 
NCC can be received. 

For the scenario C in the [27.5-29.5] GHz band, the FSS transmit signal is potentially interfering with 
the FS receiver of the incumbent terrestrial spectrum users. 

This can in practice be avoided by applying additional margin on the assumed transmit threshold in 
order to guarantee sufficient protection for the FS receiver levels. 

The proposed method to implement the scenario C transmit strategy for the return channel takes this 
into account and a configurable margin is foreseen in the resource allocation transmit mechanism. 

 Gain evaluation conclusions 7.7
A thorough system gain evaluation exercise has been performed on the basis of available deployment 
data for scenario A, B for the forward link and scenario C for the return link. An overall significant 
gain in throughput is demonstrated by using the combination of non-exclusive frequency bands from 
scenario A, B in the forward link   in comparison with the exclusive Ka-band assignment.  The system 
gain has been shown to be 3.6 times without carrier allocation schemes and 4 times with them for 
scenario A and B. For scenario C limited evaluation has been performed but a similar gain 
demonstrated. This needs to be confirmed for other countries and more dense deployments of FS.  

Although data bases and resource allocation have been assumed in these analyses the use of SINR 
techniques to sense the interference in cases where data bases are not available or as an augmentation 
to the data bases can also be used. In extreme cases where interference is a major issue at a site beam 
forming could also be used but this may be an expensive option. 

We point out that the evaluations made in this deliverable have been for the near term satellite model 
with carriers of 64 MHz. The longer term satellite model would include wider band carriers and this 
would impact the carrier allocation scheme used. However we do expect that the resulting system 
gains would remain similar to those evaluated herein. This is related to the fact that the usage of wider 
bandwidth carriers (108 MHz to 250 MHz) would reduce the flexibility of allocating the forward link 
while at the same time also reduce the relative impact of the terrestrial interferers (scenario A and B).  

The conclusions for the downlink scenarios (scenarios A and B) are considered to be robust. 
Table 39 - Recommended enabling cognitive techniques for the exploitation of the scenario A, B and C bands. 

Recommended 
cognitive techniques 
for the Ka band 
satellite network 

Scenario A (space to 
earth: Downlink) 

Scenario B (space to 
earth: Downlink) 

Scenario C (earth to 
space: Uplink) 

Spectrum Awareness Data base 
complemented by 
Spectrum sensing 

Data base 
complemented by  
Spectrum sensing 

Data base 

Spectrum Exploitation Channel Allocation Channel Allocation Channel, bandwidth 
and power allocation 
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Those for the uplink, scenario C need further practical feasibility reviews before the gain and possible 
usage of the non-exclusive bands can be confirmed. However due to the asymmetry of the required 
throughput of the considered broadband access service, it is the forward link that is most defining the 
overall required system capacity. The resulting gains demonstrated here are thus very significant to the 
design and operation of future broadband satellite systems. The following table summarizes the 
techniques that are recommended as a basis for the evaluation of the considered use case. 

 Cost/Benefit Analysis 7.8
The methodology considered for the cost/benefit analysis in CoRaSat is described below. Note that, to 
the authors’ best knowledge, there are very few cost/benefit analyses for Cognitive Radio systems 
publicly available today that could be used as guideline. One such existing cost/benefit analysis for a 
different CR system/context though is reported in [36]. This report presents a set of business case 
studies performed as part of the FP7 ICT project QoSMOS (Quality of Service and MObility driven 
cognitive radio Systems) to investigate some of the promising applications of the QoSMOS Cognitive 
Radio system, the most relevant to the CoRaSat case of interest being the “Rural Broadband” business 
case. However, the system and applications context considered in the QoSMOS case is inherently 
different than that considered in the CoRaSat case (terrestrial vs. satellite CR system, TVWS-based 
rural broadband vs. Ka-band HTS, etc.) which makes the extrapolation of the QoSMOS results to the 
CoRaSat case of interest here practically impossible. Thus, for the CoRaSat cost/benefit analysis 
presented hereinafter, an empirical methodology was instead followed based mainly on CoRaSat 
partners’ experience. 

The overall system is evaluated in terms of capacity to address a certain market size as a function of 
the deployed investment. We consider as reference scenario a similar Ka-band satellite system 
designed for the purpose of addressing the consumer internet access. 

For this assessment we consider CAPEX and OPEX costs for the considered satellite scenario and 
evaluate the potential benefits of the considered techniques in view of an investment in such a space 
segment and the resulting benefits in terms of business impact and return on investment (ROI). 

In addition we consider addressing the sensitivity analysis of the business performance indicators as a 
function of the key system evaluation assumptions. 

 
Table 40 - Satellite repeater infrastructure considered for the cost exercise. 

Satellite infrastructure part Hub side Forward/Return 
link infrastructure required 

Cognitive techniques 

Repeater covering 2 satellite 
beams 

Gateway serving 2 beams 

NCC (proportional part) 

Backbone Network access 
(part) 

 

Database access  
(proportional parts) 

NCC cognitive algorithms 
(proportional parts) 

The overall result should be the thorough evaluation of the potential benefits of the usage of the 
extended Ka-bands (scenario A, B, and C) in view of the required additional investments to exploit the 
non-exclusive frequency bands. 



ICT−316779	  CoRaSat	   Deliverable	  D3.4 

Release	  01.00	  (Final	  version)	   pag.	  85	  of	  115 

The cost/benefit analysis is assessed on the basis of a part of the considered user coverage per repeater 
on the satellite, covering 2 beams. 

The gain evaluation is then scaled to a 2 beam coverage average area and the related cost as well. 

7.8.1 Stakeholders 

In the cost/benefit analysis for the overall business case, we consider the value chain with the main 
stakeholders for the provision of satellite based broadband access. 

In this context we consider the value chain for the satellite broadband access service provision as 
follows: 

• Satellite manufacturer 

• Ground segment manufacturer 

• Satellite Operator 

• Broadband Service Provider 

• Dealer and installer of broadband services 

• End user / customer of broadband access services 

Within this value chain, we consider the cost/benefit analysis as an exercise to verify the impact of the 
introduction of the proposed frequency bands, ie. scenario A, B and C in forward and return link. 

This is performed in a manner that takes into account the reference case of an exclusive band usage 
only. 

The introduction of the non-exclusive frequency bands in addition to all enabling technologies are 
therefore the basis for the comparison of the cost/benefit analysis for the different stakeholders. 

7.8.2 Cost model 

The identified cost elements are related to the introduction of the cognitive techniques in combination 
with the overall FSS service provision. All enabling techniques to use the extended frequency bands 
are considered as basis, the enhancing cognitive techniques are also considered as an option for further 
optimized services and to mitigate specific issues that may occur in the deployment of the service. 

We consider for the cost evaluation the same reference FSS system as for the year 2020 exercise and 
assume that related development costs and operational costs have to be taken into account in this 
exercise on the basis of the extended non-exclusive frequency band introduction. 

This is possible if we consider all relevant enabling developments for the service introduction. 

Table 41 summarizes the cost elements identified for this exercise. 
Table 41 - Categories considered for the cost evaluation assessment. 

Stakeholder CAPEX Impact OPEX Impact 

Satellite 
manufacturer 

Space segment investment 

Coverage of the scenario A and B 
frequency bands in the FWD link and 
scenario C bands in the RTN link (1) 

/ 

Ground segment Implement of Q/V band gateway 
/ 
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equipment 
manufacturer 

feeder link support / gateway 
Higher capacity gateways for FWD 
and RTN link 
Support of dynamic capacity allocation 
on FWD and RTN link 
Implementation of database (DB) 
interaction and management of 
interference conditions function 
Implementation of spectrum sensing 
functionality (optional) 
Implementation of resource allocation 
(RA) function (optional) 
Implementation of beamforming 
function (BF) (optional) 
 

Satellite operator 
/ 

Operating more complex payload 
and higher capacity (more carriers) 

 

Broadband Service 
operator 

/ Managing larger more complex 
gateway and NCC network with 
additional potential interference 
impact management requirement 

Dealer / Installer of 
the end user 
equipment / 
broadband service 

/ Cost per installation could increase 
related to the potential local 
interference assessment during 
installation (optional) 

End user of the 
broadband service 

End user equipment cost impact with 
extended (non-exclusive) frequency 
band coverage in FWD 

Extended frequency band coverage in 
RTN link 

/ 

7.8.2.1 Space segment cost assessment 

The reference for the assessment of the relative cost is the “delta” cost per repeater (TWTA). One 
repeater is used for 2 beams coverage. A 130W and 170W power per TWTA can be considered. 

The elements listed in Table 42 can then be considered. 
Table 42 - Considered satellite payload configurations. 

Case  Considered FWD case 
1a 1 tube (170W)  / 2 beams and 250MHz/beam 1 
1b 1 tube (130W)  / 2 beams and 250MHz/beam  

(with reduced cost/tube compared with 170W) 
1 

2 1 tube (170W)  / 2 beams and 1.45GHz/beam 2 
3 1 tube (170W)  / 2 beams and  1.45GHz/beam 3 
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The same or very similar antenna structure is assumed on the spacecraft for all missions. 

A similar bus is considered for all use cases for the space segment.  

Considered cases (FWD – scenario A and B / RTN – scenario C) 

The considered reference cases for the system gain analysis are provided in Table 43, while Table 44 
provides the return link cases considered as options. 

Table 43 - Satellite forward link configurations considered for cost/benefit analysis.	  

Reference case for system gain 
analysis 

 

 

Case 1 (reference case) 
 

Reference case with usage of exclusive Ka-band only 

Case 2 
 

Considered case with usage of exclusive and shared bands 
without FS interference and BSS uplink interference 

Case 3 
 

Considered case with usage of exclusive and shared bands 
with FS interference and BSS uplink interference and 
usage of enabling cognitive techniques 

Table 44 . Satellite return link cases considered as options. 

Reference case for system gain 
analysis 

 

Case 1 (Reference case) Reference case with only 500MHz exclusive band 
available for the return link 

Case 2 Usage of 1GHz (2 x 500MHz bands) 
Case 3 Usage of entire 2.5GHz between 27.5-30.0GHz used for 

return link access (1.25GHz / beam) 

7.8.2.2 Ground segment cost assessment (Gateway/NCC) 

For the hub side, the cost impact is related to the support and operation of a higher capacity per 
gateway (GW) and NCC function. This is taken into account in the assessment by scaling the gateway 
and NCC capacity increase requirement per repeater supported.  

One repeater is considered as reference scale. This corresponds in the FSS satellite system considered 
to two beam coverage (for the forward link). Considering the case 2 carrier allocation per beam we 
have 20 carriers / beam of 52 MSps (63 MHz occupied bandwidth per carrier) or 108 MSps with 6 
carriers / beam. 

The aggregate traffic throughput (number of packets / second) and the total Gateway capacity is 
scaling in a first order of magnitude mainly as a function of the traffic that is routed through in 
forward and return link. 

The additional potential requirement in the considered architecture is the support of Q/V bands for the 
feeder links to the satellite capacity. This has to be considered as well in the development of the 
gateway infrastructure. The development of the Q/V-band gateway support may be mitigated in case 
feeder links can be placed outside the user coverage area. In some cases this may be considered as an 
alternative design approach for the system, especially if only part of Europe is covered by the user 
coverage area. In such case that the feeder links are placed outside the user coverage area, the 
operating frequency of the gateway feeder links can still be considered to be the Ka-band (instead of 
the Q/V band) that can result in lower ground segment costs. 

Two cases for the cost/benefit assessment are considered: 
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A. Usage of Q/V bands implies related investment on satellite and ground segment, this is 
considered as development cost and operational cost for smart gateways in a first order 
estimate relative to Ka-band only usage for feeder links to gateways. For this case, the 
considered ground segment cost needs to take into account the additional development of a 
Q/V band ground segment infrastructure and the usage of “smart gateway” concepts with full 
terrestrial redundancy between the gateways to address the possibility of downlink fading. 

B. The usage of the alternative approach to place the gateways outside the user coverage is 
considered to evaluate the possibility of reusing the frequency bands for the gateway access 
entirely and therefore avoid additional development costs. 

Note that the assessment of the rest of ground segment cost elements identified in Table 41 on 
CAPEX/OPEX Impact (e.g., Dynamic capacity allocation on FWD and RTN link, Implementation of 
database (DB) interaction and management of interference conditions function, Implementation of 
spectrum sensing functionality, Implementation of resource allocation (RA) function, Implementation 
of beamforming function (BF), etc.) are addressed in Section 7.8.4.1 below. 

7.8.3 Benefits assessment 

Benefits result from system gain analysis in the form of a metric in increased system capacity in 
throughput for the forward link and for the return link. This has been computed and evaluated in 
chapter 7 of this document. 

The goal of the cost/benefit analysis is to derive a relative cost versus a reference case and a relative 
benefit (system gain) versus a reference system. 

The benefit considered relate to introducing the additional frequency bands and using the proposed 
cognitive radio techniques to exploit these bands in an access network. This amounts to the cost per 
bits per second reduction opportunity to address a higher customer base and with a better service with 
higher throughput rates / customer. 

The overall network capacity increase is therefore compared to the introduced additional cost in 
investment and in operational expenses for the system exploitation. 

The metric considered here for the “benefit” of the introduction of the additional frequency bands is 
thus the increase in overall network capacity that can be related as well to the “cost per bits per second 
per Hertz” (with “cost” here including the entire end-to-end cost of ownership of the access service at 
defined SLA reference performance levels). 

7.8.4 Relative cost Assessment 

In the following we compare the relative cost impact of the defined reference Case 3 for the forward 
and return link to a mission that uses the extended frequency band as defined in scenario A and B for 
the forward link and scenario C for the return link. The additional cost is related to the CAPEX and 
OPEX costs related to the space segment, the ground segment as well as the user terminal segment and 
includes all delta costs compared to the usage of the exclusive band only. 

7.8.4.1 Ground segment cost evaluation 

The additional development on the ground segment side for the introduction of the cognitive 
techniques amounts to the development of the enabling cognitive techniques and the required 
additional interfaces to the database. 



ICT−316779	  CoRaSat	   Deliverable	  D3.4 

Release	  01.00	  (Final	  version)	   pag.	  89	  of	  115 

This includes the additional development of the following elements op top of the normal FSS system 
components: 

• Interface for database access from NCC. 

• Cognitive technique for capacity allocation based on database information. 

• Cognitive technique based on Spectrum Sensing (SS) to produce an interference estimation for 
each FSS terminal in the network (during operation). 

• Dynamic Capacity Allocation (DCA) in forward and return link (flexible access of the 
forward and return link carriers). 

• Resource Allocation (RA) (optional for optimization of the capacity in forward link for the 
scenarios A and B). 

• Transmit power control based on resource allocation (RA) mechanism to manage the transmit 
power towards the FS receivers (scenario C). 

All of these mechanisms are implemented in the NCC software running on network centralized 
servers. 

The centralized control of all receive and transmit parameters of the terminals in the network has to be 
ensured. In our context, we assume that this is already the case, as state-of-the-art VSAT systems, 
DVB-RCS2 based, or similar proprietary systems do use already centralized controllers to manage the 
terminal spectrum access to some extent. 

The other components of the gateway (GW) and network control center (NCC) do not require a 
specific adaptation for the introduction of these additional frequencies in the network and here the 
same components can be used for the non-exclusive frequency band as for the exclusive band. 

The additional aspect that needs to be taken into account is the gateway front-end with Q/V band 
feeder link access, which might be required in the considered network infrastructure in case the system 
uses all the considered scenarios A, B, and C bands for the user terminal beams. This cost also needs 
to be factored in the overall evaluation as delta cost compared to a reference system using only the 
exclusive band.  

7.8.4.2 Space segment cost evaluation 

For the space segment costs assessment, the three configurations were considered which match the 
assessment of the system gain analysis. 

We considered the cases listed in Table45. 
In this exercise a 150 spot-beam satellite was studied covering the EU27 European continental 
coverage area as user coverage. Based on the Terabit study experience and reviewing the assessment 
for the current application the cost impact has been evaluated for the three considered configurations. 

The overall result from the system gain evaluation that was performed for a 245 beams coverage is 
scaled accordingly for this exercise of cost/benefit analysis. 

The resulting space segment investment is compared by computing the amount of TWTA and repeater 
elements and considering the overall weight and power requirement on the space bus platform. The 
different use cases are then compared to yield a relative figure in terms of space segment investment 
for the different cases considered. 

This is outlined in Table 46 in more details. 
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Table 45 - Satellite configurations considered for the cost comparison of the space segment investments. 

Satellite 
configuration 

Description 

Config. 1 150 user spot beams 

2x500 MHz on downlink Ka-band 

2x500 MHz on uplink Ka-band 

Gateways: 11 (0 redundant locations, not required in Ka-band) 

Gateway bands use the Ka-bands for FWD and RTN links 

Config. 2 150 user spot beams 

2x2.9 GHz on downlink Ka-band 

2x2x500 MHz on uplink Ka-band 

Gateways: 25 + 5 redundant 

Gateway bands used: V-band for FWD and Q-band for RTN reception 

Config. 3 2x2.9 GHz on downlink Ka-band 

2x2.5 GHz on uplink Ka-band 

Gateways: 25 + 5 redundant 

Gateway bands used: V-band for FWD and Q-band for RTN reception 
Table 46 - Relative comparison of the mass, power and cost impact for the three configurations. 

Configuration Payload mass Payload power Cost of the satellite 
+ launch 

Configuration 1 1 1 1 

Configuration 2 1.05 1.30 1.05-1.15 

Configuration 3 1.25 1.38 1.30-1.40 

7.8.4.3 Terminal side evaluation 

The user terminal cost evaluation is performed in view of the required additional developments to 
introduce the additional frequency bands, which is related to the development of terminals that cover 
the additional frequency bands in reception and transmission as well as all additional functionality 
introduced as enabling technique. As we have only defined the automatic forward link fall back 
mechanism as required mechanism, this is the only “small” delta development required on the terminal 
software side. 

The required terminal adaptations are then as follows: 

• Cover the extended frequency bands in reception and transmission with the terminal antenna, 
LNB (scenario A and B) and BUC (scenario C). 

• Implement the reception parameter feedback mechanism for the NCC centralized transmission 
and reception signal parameter control (signal power and SNIR feedback). 
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• Implement the automated forward link fallback to a defined exclusive carrier in case of 
unexpected outage of the forward link carrier (partially already implemented in conventional 
FSS terminals). 

The aggregate of this implementation amounts to about the development cost of a novel LNB and 
BUC for the non-exclusive frequency bands mainly. 

7.8.4.4 Cost assessment summary – ground and terminal segment 

On the ground segment different additional developments and investments are required to enable the 
usage of the considered frequency bands, scenarios A, B, and C and to enable the usage of the 
additional capability on the ground segment. 

This includes the required developments on the network control center (NCC), the gateway (GW) as 
well as the terminal side. 

Table 47 summarizes the cost assessment conclusions. 

 
Table 47 - Ground segment and terminal delta cost summary for the considered cases. 

FSS system 
component 

CAPEX delta / 
Throughput 

Cost_Case 1 – 
Cost_Case 3 

OPEX delta / 
Throughput  

Cost_Case 1 – 
Cost_Case 3 

Remark 

Ground segment – 
NCC cost delta 

100% 10% For additional functions relative 
to the cognitive techniques 
defined, as defined in section 
7.8.4.1 (all cognitive techniques 
running on the NCC) 

Additional manpower assumed 
required for the 24/7 operational 
team + to handle all interference 
cases. 

Ground segment – GW 
cost delta 

100% / For gateway investments 
relative to the usage of the Q/V 
bands for the gateways. 

End user terminal  

cost delta 

60% / For the additional functionality 
to cover a wider frequency band, 
as defined in section 7.8.4.3 
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7.8.5 Cost/benefit summary 

For the assessment of the different cases considered, the benefits of the introduction of the additional 
frequency bands scenario A [17.3-17.7] GHz, B [17.7-19.7] GHz and C [27.5-29.5] GHz in addition to 
the exclusive bands are considered based on the results as outlined in Table 32 and then scaled to the 
considered cost case of a 150 beams satellite.2 

This yields the throughput shown in Table 48 per configuration case considered for the scale of the 
satellite cost exercise made for this evaluation with 150 beams assumed. 

Table 48 - Scaled throughput assumptions for the cost/benefit analysis. 

Configuration case Forward link throughput3 Return link throughput4 

Configuration 1 103.0 Gbps 102.3 Gbps 

Configuration 2 541.2 Gbps 510.6 Gbps 

Configuration 3 521.0 Gbps 510.6 Gbps  

Using these throughput results in combination with the gateway, NCC and terminal cost assessments 
as outlined in the previous section and together with the satellite delta cost assessment as outlined 
above as well. 

This combination of the costs assessment also requires the service definition. We assume an end 
customer service as shown in Table 49. 

Table 49 - Service level agreement (SLA) basis for the cost/benefit analysis. 

Service Level Agreement (SLA) – Consumer broadband access 
(B2C) 

Defined service value 

Forward link peak rate / consumer terminal 20 Mbps 

Return link peak rate 2.5 Mbps 

Assumed forward link average rate / terminal (long term average) 250 kbps 

Assumed forward / return link traffic ratio 5:1 

Satellite fill rate 

Based on these service definitions, we assume a 70% fill rate of the satellite capacity. This is a “rough 
estimate” based on the fact that the full maximal capacity of the satellite can only be reached if the 
demand is also geographically located where the potential lies. To take this into account we assume a 
flat 70% of max capacity fill rate for this exercise. 

Assessment metrics 

For the evaluation of the different options, we approach the assessment as a differential mutually 
exclusive project investment opportunity for the three considered cases and compare the resulting net 

                                                        
 
2 An exercise of a “150 beams coverage” example is used because this relative satellite cost data could be made 
available for the purpose of this project. 
3 Scaled from results from Table 32 for the entire system throughput with CA 
4 Scaled from results from chapter 7  for the entire system throughput with CA 
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present value (NPV) of the project, the internal rate of return (IRR) of the three possible cases as well 
as the payback period. 

For these assumptions the IRR and payback period can be determined. The project is assessed over the 
typical lifetime of a satellite investment project, which is considered to be 15 year service timespan. In 
this relative comparison we consider all the satellite construction costs, which normally extent over a 3 
years investment period to occur at the “start” of the project, which is the bringing into use of the 
service. 

Table 50 - Investment indicators (NPV in MEuro and IRR) for the three considered cases as a function of the 
main impact service parameter (downlink average rate per user). 

Average Rate 
(FWD) [kbps] 

Case 1  

only exclusive Ka-
band usage 

Case 2 

Exclusive and non-
exclusive Ka-band 

usage without 
interference assumed 

Case 3  

Exclusive and non-
exclusive Ka-band usage 

with interference 

 NPV5 IRR NPV IRR NPV IRR 

250 61 11.5% 2259 28.5% 2122 27% 

200 226 14.5% 3080 33.0% 2913 32% 

150 499 19.5% 4435 39.0% 4218 38% 

100 1052 26.5% 7187 49.5% 6867 48% 

From this assessment the three cases are compared on the basis of an assumed end user service that is 
mainly driven by the average efficiency with which the satellite forward link can be used and this is 
mainly linked to the service provision average per user downlink. 

Regarding the average downlink rate per user assumed, we measure today on typical commercially 
operational broadband access systems service level agreements around 10 kbps to 20 kbps per end 
user average capacity allocation. We assume that in future broadband access systems operational in 
the period of this project realization this would increase significantly to 10x higher average rates per 
end user, around 100 kbps to 250 kbps average user downlink rates. 

We also note that a positive cash flow is expected after year 8 only for the considered case 1 with 
average 200 kbps / user) and after the year 5 for both the cases 2 and 3 under considered assumptions. 

The return link is not the limiting factor in case the main usage on the satellite is a business to 
consumer (B2C) product and with a service that targets consumer based internet access. The current 
forward to return link ratio assumed in 5:1 on average over all used applications. 

From this return link requirement, we conclude that the return link configuration with 2x2x500 MHz 
(corresponding to the considered satellite configuration 2) could be used, because this would 
correspond to a maximal return link capacity of 102 Gbps and thus “be close to” the maximal return 
link capacity required of about 104 Gbps. This option could reduce the investment cost for the space 
segment according to the exercise made (see Table 46) by about 13% - 20% and could be considered 

                                                        
 
5 A 10% rate is assumed for the NPV computation over a 15 years investment project. 
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for that reason depending on the envisaged mix of end user services offered (i.e., more symmetrical 
B2B or backhauling services or more B2C services like consumer broadband access). 

7.8.6 Cost/benefit analysis conclusions 

From the exercise in this chapter on a cost/benefit analysis for the introduction of the non-exclusive 
frequency bands (scenario A [17.3-17.7] GHz, scenario B [17.7-19.7] GHz, and scenario C [27.5-29.5] 
GHz), a realistic service offering for a commercial project using these bands in the years 2020 – 2035 
has been reviewed. It bases the main applications foreseen on the consumer broadband access offering.  

Based on the realistic assumptions and a conservative approach with respect to the service parameters, 
a cost analysis has been performed that includes the space segment investment required, the ground 
segment infrastructure and the operational expenses for the service offering. 

A relative comparison between the different investment options leads to the following conclusions: 

• The introduction of the non-exclusive frequency bands increase significantly the value of the 
FSS system investment with potentially much higher gains compared to the additional costs 
required to address the non-exclusive frequency bands. 

• The consideration of the operational management of the terrestrial interference cases (case 2 
compared to case 3) is well possible with an additional cost that still remains significantly 
below the additional gains that the introduction of the non-exclusive frequency bands can 
bring. 

Regarding the options for the return link (scenario C) bands, it can be concluded that: 

• The use of the HDFSS bands only ([28.4465-29.9465] GHz and [29.5-30.0] GHz) can be 
considered as an option depending on the forward to return link data rates peak and average 
per end-use terminal. 

• In case more symmetrical traffic is foreseen in the commercial offering, like cellular 
backhauling and business to business (B2B) traffic, more return link capacity would be 
required and the baseline frequency band option using the full scenario C bands [27.5-29.5] 
GHz in addition to the exclusive satellite bands [29.5-30.0] GHz should be considered. 
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8  CO N C L U S I O N S  
This deliverable, D3.4, presented the results of the work undertaken as part of Task 3.4 “System 
Evaluation and Selection”. As part of this work, we have evaluated the applications of the proposed 
cognitive techniques in the context of a practical and realizable two-way satellite system. This has 
been accomplished by considering a multi-spot beam coverage satellite system over Europe. We 
assumed the possibility to use the extended frequency bands, that is, [17.3-17.7] GHz, [17.7-19.7] 
GHz in addition to the available exclusive band [19.7-20.2] GHz in the downlink direction, as well as 
[27.5-29.5] GHz in addition to the available exclusive band [29.5-30.0] GHz in the uplink direction. 

The system context has been outlined and explained in the course of this document in combination 
with the presented and assumed cognitive techniques from the CoRaSat WP3 context and outlined in 
D3.3. 

The adaptation of the cognitive techniques to the overall two-way satellite system has been performed 
assuming that we build an end-to-end system that uses both the non-exclusive and exclusive frequency 
bands available to provide consumer grade broadband access over a large coverage area, i.e., Europe 
in this case. The details of how the database (DB), resource allocation (RA), beamforming (BF), and 
spectrum sensing (SS) are adapted to the end-to-end system has been reviewed and summarized in this 
document. 

The overall assessment of the potential benefits has been performed taking into account the key 
performance indicators (KPI) per link requirements and assessing the overall system capacity over 
different coverage areas as an example evaluation exercise. 

This evaluation concluded that under a realistic high throughput space segment platform assumption 
for year 2020 as well as considering the FS link deployed interference levels for scenario B [17.7-
19.7] GHz. An overall system gain expectation is in the order of approximately 4 times the exclusive 
band based on this evaluation for the forward link, when the scenario A [17.3-17.7] GHz as well as 
scenario B [17.7-19.7] GHz is considered as additional capacity available. The system level gain 
evaluation also demonstrated that the cognitive techniques such as resource allocation (RA) are 
important tools for the terminals impacted by interference from terrestrial incumbent users, however 
the concrete interference cases are expected in only about 10% of the terminals are expected to 
experience significant interference from incumbent users based on the available data in the examples 
considered for UK and France. In a few rare cases this interference can be very high and a carrier 
reallocation becomes necessary in that case. 

In addition an evaluation for the return link with scenario C [27.5-29.5] GHz has been performed. This 
assessment has been done for two example countries with available FS link data (Finland and 
Slovenia). These assessments were based on the assumption of typical state-of-the-art consumer grade 
satellite terminals using the extended band in addition to the available exclusive band [29.5-30.0] 
GHz. Initial indications are that we could achieve up to 4 times capacity increase in the return link as 
well. However, further evaluations are needed for more dense deployments of 28 GHz FS links to 
confirm these conclusions. In addition to these assessments on system level gains, the cost/benefit 
analysis has been performed in the context of this task.  

The resulting system level gains are compared to the evaluation of the possible implementation costs 
and operational costs that would be required to introduce the usage of the non-exclusive frequency 
bands. Following such a cost/benefit analysis, it has been shown that up to 7 times increase in NPV 
and a doubling of IRR can be achieved by use of the extended bands. 
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The demonstration and implementation activities to be performed in WP4, along with the testplan, are 
described in D4.3 and D4.2, respectively. Both these documents rely on D3.4 outcomes in terms of 
system adaptation of the cognitive techniques. 

The results and conclusions of this deliverable (D3.4) are key drivers for conditioning the work to be 
conducted in WP4. They will be employed to elaborate WP4 work in terms of cognitive techniques, 
including the database access (DB), the spectrum sensing (SS-SNIR), and the resource allocation (RA) 
techniques to be adopted in the FSS broadband system context. This includes the definition of system 
requirements, which were established for the FSS system considered in WP3.4. Furthermore, the 
required NCC functionality will be adapted to include the database access as well as the centralized 
monitoring and control, which enables the application of spectrum sensing and resource allocation for 
the forward and return links. In addition to the centralized NCC control of all of the forward and return 
link parameters, the SS-SNIR is adapted to cope with the system level calibration requirements in 
order to enable the distinction between different link events, such as fading and gain changes, and 
distinguish these events from possible FS link interference. 
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10  DE F I N I T I O N,  SY M B O L S  A N D  AB B R E V I A T I O N S 
2G  Second Generation Mobile Communication 
3G Third Generation Mobile Communication 
3GPP Third Generation Partnership Project 
4G Fourth Generation Mobile Communication 
 
ARPU Average Return Per User 
 
BF Beamforming (cognitive technique) 
BSM Broadband Satellite Multimedia 
B2B Business to Business 
B2C Business to Consumer 
 
CA Capacity Allocation (cognitive technique) 
CAPEX Capital Expenditure 
CQI Channel Quality Information 
CR Cognitive Radio 
CS Compressive Sensing 
CSI Channel State Information 
CENELEC Centre for Electro Technical Standards 
 
DB Database (cognitive technique) 
DoA Direction of Arrival 
DVB Digital Video Broadcasting 
DVB-H Digital Video Broadcasting - Handheld 
DVB-RCS Digital Video Broadcasting with Return Channel via Satellite 
DVB-RCS2 Digital Video Broadcasting with Return Channel via Sat. second generation 
DVB-S Digital Video Broadcasting via Satellite 
DVB-S2 DVB via Satellite version 2 
DVB-T2 DVB Terrestrial version 2  
 
EBU European Broadcasting Union 
ETSI European Telecommunications Standards Institute 
E-UTRAN Evolved UMTS Terrestrial Radio Access Network (a.k.a LTE) 
 
FC  Fusion Center 
FSS Fixed Satellite Service (ITU abbreviation) 
FS Fixed Service  (ITU abbreviation) 
 
GPRS General Packet Radio Service 
GW Gateway (Satellite gateway) 
 
HRC High Resolution Coding (Newtec proprietary return link waveform) 
 
IA Interference Alignment 
IC Interference Cartography 
IDW Inverse Distance Weighted 
ITU International Telecommunication Union  
IRR Internal Rate of Return 
 
LRT Likelihood-Ratio Test 
LTE Long Term Evolution 
LTE-A LTE Advanced 
 
MAC Medium Access Control 
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MIMO Multiple Input Multiple Output 
MxDMA Multi-dimensional Medium Access (Newtec proprietary MAC access scheme) 
 
NCC Network Control Centre 
NPV Net Present Value 
 
OPEX Operational Expenditure 
 
QoS  Quality of Service 
 
RA Resource Allocation (cognitive technique) 
REM Radio Environment Map 
RCST RCS Terminal 
RF Radio Frequency 
RLC Radio Link Control 
ROI  Return On Investment 
RSS Received Signal Strength 
 
SIN Satellite Interactive Network 
SLA Service Level Agreement 
SS Spectrum sensing (cognitive technique) 
SNIR Signal to noise and interference ratio 
 
ToA Time of Arrival 
TVWS TV White Space 
 
UMTS Universal Mobile Telecommunication System 
UTRAN UMTS Terrestrial Radio Access Network 
 



ICT−316779	  CoRaSat	   Deliverable	  D3.4 

Release	  01.00	  (Final	  version)	   pag.	  102	  of	  115 

11 AP P E N D I X  A:  FURTHER SCENARIO B  RESULTS  
This annex contains further maps of the analysis conducted from the calculated interference matrices 
produced during the computer runs of the full ITU-R P.452-15 analysis for the UK, France, Poland, 
Hungary and Slovenia for the 18 GHz band. 

The maps relate to the Total FS bandwidth that exceeds the chosen interference threshold (in terms of 
dBW/MHz) for a test point in a specific region.	  

The colour key for the maps is given in the figure below. The caption on each figure describes its 
parameters. 

	  

	  
UK: satellite longitude 53E, threshold -154.5 dBW/MHz. 
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UK: satellite longitude 53E, threshold -144.5 dBW/MHz. 

 
UK: satellite longitude 53E, threshold -134.5 dBW/MHz. 
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UK: satellite longitude 33E, threshold -154.5 dBW/MHz. 

 

 
UK: satellite longitude 13E, threshold -144.5 dBW/MHz. 
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UK: satellite longitude 13E, threshold -134.5 dBW/MHz. 

 

 
UK: satellite longitude 0E, threshold -154.5 dBW/MHz. 
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UK: satellite longitude 34W, threshold -154.5 dBW/MHz. 

 

 
FRANCE: satellite longitude 53E, threshold -154.5 dBW/MHz. 
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FRANCE: satellite longitude 53E, threshold -144.5 dBW/MHz. 

 

 
FRANCE: satellite longitude 13E, threshold -154.5 dBW/MHz. 
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FRANCE: satellite longitude 13E, threshold -144.5 dBW/MHz. 

 

 
POLAND: satellite longitude 13E, threshold -154.5 dBW/MHz. 
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POLAND: satellite longitude 13E, threshold -144.5 dBW/MHz. 

 

 
HUNGARY: satellite longitude 13E, threshold -154.5 dBW/MHz. 

 



ICT−316779	  CoRaSat	   Deliverable	  D3.4 

Release	  01.00	  (Final	  version)	   pag.	  110	  of	  115 

 
HUNGARY: satellite longitude 13E, threshold -154.5 dBW/MHz 

(High resolution). 

 

 
HUNGARY: satellite longitude 13E, threshold -144.5 dBW/MHz 

(High resolution). 
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SLOVENIA: satellite longitude 13E, threshold -154.5 dBW/MHz. 

 

 
SLOVENIA: satellite longitude 13E, threshold -154.5 dBW/MHz  

(high resolution). 
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SLOVENIA: satellite longitude 13E,  threshold -144.5 dBW/MHz  

(high resolution). 
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12  AP P E N D I X  B:  LI N K  B U D G E T  R E F E R E N C E S  (FWD A N D  RTN 
L I N K ) 

An example location forward link budget reference is given in Table 51 and Table 52. 
Table 51 - Example for link budget for a shared band scenario B forward link. 

 

SELECTION Latitude 52
Longitude -‐1.1
Carrier Carrier	  14

Satellite Lon [°E] 13

Location Lat [°N] 52
Lon [°E] -‐1.1
Alpha [rad] 0.93
Elevation [°] 29.07
Azimuth [°] 162.32
Path	  distance	  to	  satellite [m] 38,702,264	  	  

Frequency [GHz] 18.551
Wavelength [m] 0.016
Free	  space	  loss [dB] 209.57
Atmospheric	  absorbtion [db] 0.30

Carrier Bandwidth [MHz] 62.40
Roll-‐off [] 1.20
Baudrate [Mbaud] 52.00
Carrier	  spacing [MHz] 63.00

Terminal Antenna	  diameter [m] 0.75
Antenna	  efficiency [%] 65.00
Antenna	  Gain [dBi] 41.40
LNB	  noise	  figure [dB] 1.40
Rx	  coupling	  losses [dB] 0.50
Antenna	  temperature [K] 45.00

Downlink Satellite	  EIRP [dBW] 70.7
OBO [dB] 2.6
Transponder	  Bandwidth [MHz] 1450
PSD	  at	  earth	  surface [dBW/MHz] -‐126.26	  	  	  	  	  	  	  	  	  
FS	  Interference [dBW/MHz] -‐148.68
land	  interference	  NPR [dB] 22.42	  	  	  	  	  	  	  	  	  	  	  	  	  
C/I [dBc] 23.21	  	  	  	  	  	  	  	  	  	  	  	  	  
EIRP	  per	  carrier 54.48	  	  	  	  	  	  	  	  	  	  	  	  	  

Noise	  Figure	  LNB [dB] 1.40
Noise	  Temperature	  LNB [K] 110.31
Coupling	  loss [dB] 0.50
Coupling	  efficiency [] 0.89
Noise	  temperature	  coupling [K] 35.39
Temperature	  coupling	  at	  LNB [K] 31.54
Antenna	  Temperature [K] 45.00
Antenna	  Temperature	  at	  LNB [K] 40.11
Total	  System	  Noise [K] 181.95
Figure	  of	  merrit [dB/K] 18.30

C/No [dBHz] 91.51
C/N	  (thermal) [dB] 14.35
C/I	  ABI [dBc] 10.21
C/I	  FS	  links [dBc] 23.21	  	  	  	  	  	  	  	  	  	  	  	  	  
C/(N+I) [dB] 8.64	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
System	  margin [dB] 1
Netto	  C/(N+I) [dB] 7.64	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

Modcod 8PSK	  2/3
Efficiency [bps/baud] 1.936
Inforate [Mbps] 100.656
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Table 52 - Example of a link budget for a scenario C shared carrier return link (with backed off uplink EIRP to 
39 dBW, maximum is 50 dBW). 

 

 

SELECTION Latitude [˚N] 60.3801
Longitude [˚E] 22.1316
Carrier [GHz] 29.3865

Satellite Lon [˚E] 13

Location Lat [˚N] 60.3801
Lon [˚E] 22.1316
Elevation [˚] 21.0226
Azimuth [˚] 193.6391
Path	  distance	  to	  satellite [Km] 35786

Frequency [GHz] 29.3865
Wavelength [m] 0.0102
Free	  space	  loss [dB] 212.8850

Carrier Bandwidth [MHz] 7

Terminal Antenna	  Gain [dBi] 42.1

Uplink Terminal	  EIRP [dBW] 38.9246
C/I [dB] 14.3769
Satellite	  Gain [dB] 54.1285

C/N [dB] 11.9479
C/(N+I) [dB] 9.9845
Modcod 16APSK	  13/18
Efficiency [bps/Hz] 2.8562
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