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1 Introduction 

The passive Earth exploration-satellite service (EESS) (passive) is focussing on the reception of 

natural emissions at much lower levels that are generally used in other radiocommunications 

services. Therefore, sensors are generally more susceptible to interference from unwanted emissions 

of active services.  

Primary allocations have been made to various space services in the Earth-to-space direction such 

as the fixed-satellite service (FSS), mobile-satellite service (MSS) and broadcasting-satellite service 

(BSS) and/or to terrestrial services such as the fixed service (FS), mobile service (MS) and 

broadcasting service (BS), hereafter referred to as “active services”, in bands adjacent or nearby to 

bands allocated to the EESS (passive). 

This technical report is offering the development of different band-pairs studies. These studies 

provide methodology and framework for documenting the results of the interference assessment 

between active and EESS passive services operating in adjacent and nearby bands. 

The list of bands that were considered under this study is given in the following table. The result of 

these studies can be found in the following sections of this Report. 

 

List of compatibility studies with the EESS (passive) 

EESS (passive) band Active service band 

1 400-1 427 MHz 1 350-1 400 MHz (radiolocation) 

1 400-1 427 MHz 1 350-1 400 MHz and 1 427-1 452 MHz (FS) 

1 400-1 427 MHz 1 427-1 429 MHz (space operation) 

1 400-1 427 MHz 1 350-1 400 MHz and 1 427-1 452 MHz (MS) 

23.6-24 GHz 22.55-23.55 GHz (inter-satellite service (ISS)) 

31.3-31.5 GHz 30-31 GHz (FSS, MSS) 

31.3-31.5 GHz 31.0-31.3 GHz (FS) 

50.2-50.4 GHz 47.2-50.2 GHz (FSS) 

50.2-50.4 GHz 50.4-51.4 GHz (FSS, MSS) 

52.6-52.8 GHz 51.4-52.6 GHz (FS) 

 

2 Methodology 

2.1 General 

The following general methodology defines a systematic means for deriving mutually acceptable 

compatibility criteria between operators of active and passive services operating in their allocated 

bands. The flow diagram (Fig. 2-1) summarizes the methodology with each individual step 

described in detail in § 2.2 below. As the procedure is iterative, several cycles might be required 

before a solution is found. 

The first step is to determine the transmission parameters of the active service (box (i)). The starting 

point is the worst-case scenario that is used to determine whether there is the potential for 

detrimental interference to passive services by any and all types of active services operating in an 
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adjacent or nearby band. This worst-case power level could often be determined from existing 

regulatory limits (box (1)), such as the pfd’s found in RR Article 21. Such regulatory limits for the 

power transmitted by the active service must then be used to determine the worst-case level of 

unwanted emission into the passive band (box (ii)). 

The following step is to determine if this worst-case interference level is higher than the passive 

service interference threshold for the band under consideration (diamond (a)). These threshold 

levels are given in various ITU-R Recommendations (box (2)) such as Recommendations 

ITU-R RA.769 or ITU-R RS.1029. If this interference threshold is higher than the worst-case level 

of unwanted emissions in the band, then there is no adverse impact to the passive service 

operations. In this case the methodology follows the “Yes” line and the process terminates. At this 

point, as at all other end points in the methodology, the assumptions used to achieve the end point 

form the technical basis for a compatible working arrangement between the active and passive 

services involved. How these technical assumptions and their resulting conclusions are used is a 

regulatory exercise and is beyond the technical scope of this Recommendation. However, for the 

case of diamond (a), if the interference is assessed to be greater than the passive service criteria, 

then it is necessary to follow the “No” branch to diamond (b). On the first iteration, no new 

information is available so the path continues to box (iii). On later iterations, the threshold in 

diamond (b) may be different from the passive service criteria used in diamond (a) as a consequence 

of modified or additional parameters and burden sharing. These modified or additional parameters 

may result from diamonds (c), (d) or (e). Diamond (b) allows a further assessment whether 

compatibility has been achieved.  

If such is the case the process follows along the “Yes” branch, and the procedure ends. If such is not 

the case, the discrepancy has to be assessed, whereby in reaching diamonds (c), (d) or (e) the 

following alternatives should be investigated: 

– refine the emission parameters of the active service such as the actual system parameters, 

available prime power, etc. and/or; 

– refine the reception parameters in the passive band, and/or; 

– develop further mitigation techniques for both the active and passive services, which may 

include both alternatives (a) and (b). 
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FIGURE 2-1 

Process for the evaluation of adjacent and nearby band operation of passive and active services 

 

When during the assessment of discrepancies, as indicated in box (iii), it is shown that the 

divergence between the two levels is large, then it is clear that the assumptions used in the first 



 Rep.  ITU-R  SM.2092-0 7 

iteration are insufficient to resolve the issue and more detailed assumptions about the characteristics 

and operations of both services must be made. However, if the divergence is small, it may be 

possible to modify slightly one of the underlying assumptions so as to enable converging on a 

solution on the next iteration. A review of the data at hand may suggest what additional 

assumptions might be beneficial. 

From this consideration, either one or more of the active service parameters, passive service 

parameters, the compatibility criteria or possible mitigation methods can be considered for 

modification in successive iterations. As many iterations will take place as necessary to either 

completely close the gap or to have exhausted all potential solutions. If all possible solutions have 

been exhausted and no compatible operation appears to be possible, then the method ends with a 

“consultative solution”. This implies that the only possible solution is for a specific active system to 

consult with a specific passive service system operator, in order to achieve a one-to-one solution, if 

that is possible. Specifics of such a consultative solution are outside the purview of this 

Recommendation. 

This methodology only addresses the potential interference from a single active service operating in 

its allocated band. Noting that EESS (passive) may receive interference simultaneously from 

multiple services, additional consideration may be required to account for the aggregate effects of 

multiple active services. 

2.2 Detailed description of the flow chart 

2.2.1 Box (1): Existing ITU documents 

This box refers to documents that may be relevant for determining transmitter emissions. The 

following Articles of the Radio Regulations (RR) and ITU-R Recommendations and Reports are 

relevant to determining transmitter power that may fall into passive bands, and are provided for 

reference. These regulations and recommendations are to be used as the starting point in the 

evaluation of potential active service unwanted emissions into passive service bands. 

Radio Regulations 

RR Articles 1, 5, 21, 22, RR Appendix 3. 

ITU-R Recommendations 

ITU-R F.758: Considerations in the development of criteria for sharing between the terrestrial 

fixed service and other services 

ITU-R F.1191: Bandwidths and unwanted emissions of digital fixed service systems 

ITU-R SM.326: Determination and measurement of the power of amplitude-modulated radio 

transmitters 

ITU-R SM.328: Spectra and bandwidth of emissions 

ITU-R SM.329: Unwanted emissions in the spurious domain 

ITU-R SM.1446: Definition and measurement of intermodulation products in transmitter using 

frequency, phase, or complex modulation techniques 

ITU-R SM.1539: Variation of the boundary between the out-of-band and spurious domains 

required for the application of Recommendations ITU-R SM.1541 and 

ITU-R SM.329 

ITU-R SM.1540: Unwanted emissions in the out-of-band domain falling into adjacent allocated 

bands 

ITU-R SM.1541: Unwanted emissions in the out-of-band domain. 
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Some data may be needed beyond what these Recommendations provide. This includes: 

 the duty cycle of the systems; 

 the geographic distribution and densities of the emitters including deployment densities; 

 the antenna aiming or scanning for radiodetermination systems or Earth-to-space 

transmissions; 

 the beam coverage for space-to-Earth transmissions; 

 relevant spectral masks; and 

 antenna patterns. 

Not all of the required data may be available. for all items listed above. Assumptions may be 

necessary for some parameters. Other information such as deployment may require the development 

of models. 

2.2.2 Box (2): Existing ITU documents 

This box refers to documents relevant to the selection of the appropriate passive service criteria for 

protection from interference. The various passive service criteria, each developed by the working 

party responsible for the respective passive services, serve as the input of diamond (a) on the 

flowchart. These Recommendations have been developed, over time, in order to assist other 

working parties dealing with active services in evaluating the potential for interference from their 

respective services into the passive services. The list of Recommendations to be considered is as 

follows: 

ITU-R Recommendations 

ITU-R RA.769: Protection criteria used for radio astronomical measurements 

ITU-R RA.1513: Levels of data loss to radio astronomy observations and percentage-of-time 

criteria resulting from degradation by interference for frequency bands 

allocated to the radio astronomy on a primary basis 

ITU-R RS.1028: Performance criteria for satellite passive remote sensing 

ITU-R RS.1029: Interference criteria for satellite passive remote sensing. 

2.2.3 Box (3): Evaluate interference 

The function of this box is to allow for the passive service to generate a new sharing criterion based 

on the information provided from boxes (5) and (6). As an example, lower side-lobe levels might be 

assumed than the 0 dBi receive antenna gain figure currently assumed for the RAS. If this were the 

case, the process of re-calculating the sharing criteria would be done in box (3). 

To evaluate interference from non-GSO FSS systems to stations in the RAS, the methodology of 

Recommendation ITU-R S.1586 should be used. Likewise, to evaluate interference from 

non-GSO MSS and RNSS systems to stations in the RAS, the methodology of Recommendation 

ITU-R M.1583 should be used. 

2.2.4 Boxes (4), (5) and (6): New information 

The function of the box is to accommodate new information brought into the sharing study while it 

proceeds through multiple iterations. An example of such a situation would be the making usage of 

RR Appendix 4 information submitted to the Radiocommunication Bureau (BR) in box (4) to 

justify the use of an in-band pfd less than the regulatory figure. Other information may consist of 

filter or antenna information in any of boxes (4), (5) and (6) that is brought into the process in order 

to close the gap. New information may also consist of additional input not considered previously, 
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such as specific ITU-R Recommendations, regional recommendations, or regional standards. 

Examples for the relevant boxes are as follows: 

Box (4) 

At higher frequencies, transmit antenna patterns can have a significantly narrower beamwidth in 

order to maximize the power in a limited service area so as to increase throughput and overcome 

atmospheric effects. As a result, the majority of the surface of the Earth may receive an unwanted 

emission pfd level that is well below the detrimental level of the passive service. Instead of having 

the level applicable over the entire surface of the Earth, it may be possible to relax the level over a 

fraction of the Earth’s surface. As a result, the probability that an RAS station will receive 

detrimental interference from a specific direction becomes very small. 

In the band 40-42.5 GHz, Recommendation ITU-R S.1557  Operational requirements and charac-

teristics of fixed-satellite service systems operating in the 50/40 GHz bands for use in sharing 

studies between the fixed-satellite service and the fixed service, contains parameters that may be 

used for studies relevant to this band. 

Box (5) 

Characteristics such as band-specific receive antenna patterns are characteristics that could be used 

to decrease the difference between the passive service detrimental interference level and the 

received unwanted emission level. 

Box (6) 

Many mitigation methods that may minimize the impact of the active service on the passive service 

are listed in Recommendation ITU-R SM.1542. In any specific case, only some of the mitigation 

methods listed may apply to the situation at hand. In applying certain mitigation methods, it may 

often be necessary to determine how the burden resulting from its application will be partitioned. 

2.2.5 Box (i): Transmitter emission 

The purpose of this box is to establish the transmit in-band power density at the antenna flange. 

2.2.5.1 General case 

Generally the value can be found by: 

  tdensitydensity Gpriep  ....  (1) 

where: 

 pdensity : transmit power density into the transmit antenna (dB(W/Hz)) 

 e.i.r.p.density : transmit e.i.r.p. density (dB(W/Hz)) 

 Gt : transmission antenna gain (dBi). 

Transmit power density can also be computed as: 

 cnbtdensity LBWOBOpp  )(log10)(log10  (2) 

where: 

 pt : transmission amplifier maximum rated power (W) 

 OBO : output back off (dB) 

 BWnb : necessary bandwidth (Hz) 

 Lc : circuit loss between the transmission amplifier and transmission antenna (dB). 
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It should be noted in equation (2) that the transmit power density is assumed to be uniformly 

distributed over the necessary bandwidth. If this assumption is erroneous, a correction can be 

introduced by appropriately modifying the bandwidth.  

2.2.5.2 In-band satellite transmitted power level based on RR Table 21-4 

To derive the transmit power density from the pfd limits, then: 

  ctdensity LGdpfdP  )4log(10 2  (3) 

where: 

 pfd : downlink power flux-density (dB(W/(m2  MHz))) 

 d : slant path, from satellite to earth station (km) 

 Gt : transmission antenna gain (dBi) 

 Lc : circuit loss between the transmission amplifier and transmission antenna (dB). 

If these values are used, the result will yield the highest possible transmitter emission level, which is 

in many cases unrealistic. This is because various factors such as the actual transmit antenna roll-off 

and spectral waveforms are not taken into the consideration. In making the above calculations, it 

should be kept in mind that the transmit antenna gain depends on each system and its applications. 

Typically, the satellite transmit antenna gain varies as follows: 

 for non-GSO MSS systems the gain varies over a range from 17 dBi to 31 dBi depending 

on the satellite altitudes, elevation angles; 

 for GSO MSS systems the gain varies over the range from 41 dBi to 45 dBi; 

 for FSS satellite antenna gain of existing 4/6 GHz and 12/14 GHz, the gain varies in a range 

from 20 dBi to 42 dBi. However, the antenna gain of the future 4/6 GHz and 12/14 GHz 

satellite systems may be significantly higher than those of the existing systems; and 

 for FSS satellite systems in the 20/30 GHz and 40/50 GHz bands, the satellite transmit 

antenna gain is in a range from 44 dBi to 60 dBi. 

2.2.5.3 Power density based on total space station RF power  

Calculating the transmit e.i.r.p. density depends on a satellite total transmit RF power, circuits loss 

between a transmit power amplifier and transmit antenna, transmit antenna gain, frequency re-use 

scheme, assigned bandwidth, number of beams, etc. The average transmits e.i.r.p. density can be 

computed as: 

  OBO
N

BW
NPP

freq

as
beamtotaldensity 














 log10)(log10)(log10  (4) 

where: 

 ptotal : total RF transmit power (W) 

 Nbeam : number of beams 

 BWas : assigned bandwidth (Hz) 

  For example: 500 MHz for 4/6 GHz-band; 1 000 MHz for 12/14 GHz-band, 

etc. 

 Nfreq : frequency re-use scheme 

 OBO : output back off (dB). 
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2.2.5.4 Power density based on ITU satellite filings 

The satellite transmit power density can be obtained directly from RR Appendix 4 filings. 

2.2.6 Box (ii): Interference power 

The aim of this step is to derive the level of unwanted emission received by the passive service 

based on the in-band pfd determined in box (i). How this is assessed will vary depending on the 

characteristics of the transmitting service and those of the passive service receiving the interference. 

The potential interference to the passive service due to the unwanted emissions of the active service 

systems could be computed based on the following: 

  LOoBpfdpfd activebandinemissionsunwanted   _)(  (5) 

where: 

pfd(unwanted emissions) : power flux-density level at the RAS receive sites 

 pfdin-band_active : in band pfd levels of the active service systems. The maximum allowable pfd 

limits shown in RR Table 21-4 may be used in the calculation. In some cases, 

there are no downlink pfd limits, and the maximum downlink pfd limits of the 

active system may be used 

 OoB : out-of-band rejection mask (for example, based on Recommendation 

ITU-R SM.1541) 

   L :  the attenuation by atmospheric gases and scintillation loss (Recommendation 

ITU-R P.676  Attenuation by atmospheric gases). 

No. 1.153 and Recommendation ITU-R SM.1541 suggest methods for determining active services 

emissions within the OoB domain. In applying Recommendation ITU-R SM.1541, the range of the 

OoB domain is determined through the application of Recommendation ITU-R SM.1539. 

Recommendation ITU-R SM.329 is used to derive levels of unwanted emissions from active 

services that occur in the spurious domain. 

2.2.6.1 EESS receiver 

The EESS is vulnerable to interference from terrestrial transmitters, including single high level 

transmitters and the aggregate emissions of densely deployed low power level transmitters. Space-

borne transmitters could add to the energy received by the sensor via reflections off the Earth into 

the antenna main beam, or directly through the side or back of the antenna.  

Inputs that are required to evaluate the resulting power from active systems at an EESS receiver, 

include: 

 the gain of the EESS system; 

 the pointing characteristics of the EESS system; 

 the altitude of the EESS system; and 

 the atmospheric absorption. 

2.2.6.1.1 Transmitter geographical density 

Systems deployed on the surface of the Earth are essentially stationary during the measurement 

period of the sensor. The interference potential increases when several transmitters appear in the 

main beam of the sensor antenna. The information required for the evaluation of the power received 

from active systems deployed within the EESS pixel is as follows: 

 the size of the EESS pixel; 
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 the number of terminals to be deployed in the pixel size using the same frequency at the 

same time; 

 an approximation of the gain of the terrestrial systems in the direction of the EESS satellite. 

Recommendation ITU-R F.1245 provides antenna pattern for FS P-P systems and Recom-

mendation ITU-R F.1336 provides reference radiation patterns for point-to-multipoint 

(P-MP) systems. Since FS terminals are pointing in direction close to the horizon, the 

probability to have a FS system pointing directly within the main beam of an EESS satellite 

antenna is very low. As a first step approach, the average gain of FS systems in the 

direction of the EESS satellite to be used in the calculation of the aggregate power received 

at the EESS satellite, may be approximated by taking for each of the FS terminals a gain 

which is the gain calculated for a 90 off-axis angle. 

In case of FS systems, the following parameters should be considered: 

 the channel arrangement (if available) as a first step approach(examine the “closest” 

channels to the EESS band); 

 Recommendation ITU-R F.1191 states that for digital FS systems, the necessary bandwidth 

is to be considered to have the same value as the occupied bandwidth and that the FS power 

outside the occupied bandwidth (lower and upper) should not exceed 0.5% of the total 

mean power of the given emission (RR No. 1.153). Total mean power values are given in 

Recommendation ITU-R F.758. 

2.2.6.1.2 Transmitter pointing toward sensors 

In some cases, individual transmitters could interfere with measurements while the sensor is in the 

main lobe of the terrestrial station. Information required for the evaluation of the power received 

from the active system is as follows: 

 the gain of the transmitter in the EESS direction; and 

 the link path. 

2.2.6.1.3 Satellite downlinks 

In some cases, interference is possible from reflected signals off the surface of the Earth that could 

enter the main beam of the space station. Information required for the evaluation of the power 

received from the active system: 

 the reflection coefficient of terrain or body of water; 

 the gain of the space system in the direction of the Earth; 

– the altitude of the space system or the pfd at the Earth. 

2.2.6.2 RAS receiver 

2.2.6.2.1 Unwanted emissions from the fixed service 

Potential interference from high altitude platform station (HAPS) systems to the RAS is expected. 

No other issues, related to terrestrial sources of interference to radio astronomy bands have been 

identified in Recommendation ITU-R SM.1542. 

2.2.6.2.2 Unwanted emissions from space systems 

Interference power incident on the RAS station comes from either GSO or non-GSO satellite 

service downlinks. In the first case the interference will generally not vary in either location or time. 

In the second case, the interference power will vary both in time and location in the sky. As a result, 

both are treated separately. 
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2.2.6.2.2.1 Unwanted emissions from GSO satellite systems (downlink) 

The level of unwanted emissions can be assessed as follows: 

  f
ATMSL

fgfp
I

f

f
d

)()(2

1
 


  (6) 

where: 

 I : interference power at the RAS station (W/m2) 

 f1, f2 : lower and upper edge respectively of the RAS receiver band (Hz) 

 p( f ) : unwanted emission power at the transmission antenna flange (W) 

 g( f ) : gain of the transmission antenna in the direction of the radio astronomy site 

 SL : spreading loss (dB) 

 ATM( f ) : atmospheric absorption in the band f1 – f2 as a function of frequency. 

It should be noted that both the power of the transmitted signal as well as the gain of the antenna 

sub-system vary with frequency and as such are represented as functions of frequency. The total 

interference at the location of the RAS station is the integral of these functions as shown above over 

the passband frequency of the receiver. In cases where the unwanted emission level and the antenna 

gain are constant throughout the bandwidth of the passive service receiver, the function can be 

simplified as follows: 

    
ATMSL

gp
I




  (7) 

In cases where the active band is adjacent to the passive band, it may be possible to assume that the 

transmission antenna gain remains constant in both the transmission band and the passive band. 

However this may often not be the case, particularly when the passive band is below the cut-off 

frequency of the waveguide feed network in the antenna sub-system. 

2.2.6.2.2.2 Unwanted emissions from non-GSO satellite systems (downlink) 

To evaluate interference from non-GSO FSS systems to stations in the RAS, the methodology of 

Recommendation ITU-R S.1586 should be used. Likewise, to evaluate interference from non-GSO 

MSS and RNSS systems to stations in the RAS, the methodology of Recommendation 

ITU-R M.1583 should be used. 

2.2.7 Box (iii): Assess discrepancy 

The purpose of this box is to provide for a review of the input data and the discrepancy before 

proceeding with another iteration of the methodology. If this box has been reached then the 

interference received is greater than the threshold, implying that changes must be made in the next 

iteration to close the gap between the two numbers. 

In the first iterations through the loop, the focus should be on improving the accuracy of assessing 

the interference into the passive service. As preliminary sharing studies involve coarse assumptions 

about both systems, these will need to be refined so as to be able to appropriately assess the 

interference potential. More detailed system descriptions and calculation methodologies may 

require a greater degree of computational complexity, but in the end may reveal that interference 

potential is significantly less than coarser assumptions had indicated. 

Once the study is deemed to be sufficiently precise and a gap still exists, it will be necessary for 

either or both sides to take restrictions in order to clear the problem. These restrictions may take the 

form of operational restrictions, characteristic changes of the equipment or a modification in the 

sharing criteria. 
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Once the possible areas for changes in the next have been identified in this box, the appropriate 

decision box will effect the change and lead to a new interference assessment. 

2.2.8 Box (iv): Consultative solution 

After several iterations of the methodology, there may still exist a gap between the active and 

passive service. If no further changes can be made to any of the system parameters, criteria or 

mitigation methods then there is no general solution that allows all users of the active band to share 

with all the passive service users. The only remaining solution that can then be explored is for 

sub-sets of the active band and passive band users to enter discussions and possibly achieve an 

agreement among them. For example, between two adjacent bands it may not be possible to find a 

solution between the FSS and RAS. However, a solution may be possible between the non-GSO 

FSS and the RAS. 

The methodology in Fig. 2-1 may prove useful in carrying out the discussions in this section 

between sub-sets of operators sharing the band. 

However, if smaller consultation groups cannot achieve an agreement, then the methodology comes 

to an end without having closed the gap. The resulting progress from the iterations through the 

methodology may have proved helpful in closing the gap and suggesting future areas for study. 

It may also serve as a basis for multiple solutions among which regulators may have to select. 

2.2.9 Diamond (a): Interference power  passive service criteria 

The interference power assessed in box (ii) is compares to the appropriate passive service protection 

criteria from box (2). If the interference is greater than the detrimental level, the methodology 

proceeds to decision diamond (b). This method ends if the interference is less than or equal to these 

criteria. 

2.2.10 Diamond (b): Interference power  threshold 

On later iterations the threshold in diamond (b) may indicate that the operating arrangement that 

provides adequate protection for passive service while minimizing the restrictions upon the active 

service is possible. Parameters used may result from the procedures in diamonds (c), (d) or (e). The 

burden following this arrangement would be distributed equitably between two services. In the case 

of multiple interfering active services, the iteration procedure should be followed for each 

individual service, possible resulting in different operating arrangements for each. The guiding 

principle is that the total burden on all parties involved should not render any of these parties 

incapable of operating effectively. 

2.2.11 Diamond (c): Can the emission parameters be refined? 

Following the review done in box (iii), it may be possible to modify the emission parameters of the 

active service. For example, regulatory limits used as lower levels that are more representative of 

current may replace the worst-case assumptions for future planned systems. These modified 

assumptions can then be taken into account in subsequent iterations. 

2.2.12 Diamond (d): Can the reception parameters in passive band be refined? 

Following the review done in box (iii), it may be possible to modify reception parameters of the 

passive service. For example, actual antenna patterns may be used instead of more conservative 

patterns. These modified assumptions can then be taken into account in subsequent iterations. 

2.2.13 Diamond (e): Is the application of mitigation techniques feasible? 

Once the parameters of the active and passive service can no longer be refined and there still 

remains a gap between the interference and sharing threshold, then mitigation methods can be 
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considered as a way of reducing the gap. Three likely methods are included in this section, although 

additional methods do exist (e.g. the list in Annex 3 of Recommendation ITU-R SM.1542). 

2.2.13.1  Active system 

2.2.13.1.1  Filtering by the active system 

One method of adequately protecting the passive services is the introduction of additional filtering 

in the RF chain of the transmitter to reduce the level of unwanted emissions. In some cases this may 

pose a minimal burden as the architecture of the transmitter allows for the insertion of a filter or the 

improvement of an existing filter. However in some cases, the applicability of filters may be 

affected by considerations of cost, weight and/or reduction in capacity. 

2.2.13.1.2  Use of a guardband 

One method of reducing the level of the unwanted emission from active service transmitter into the 

passive band is to introduce a guardband. The guardband allows reducing the interference power 

received by the passive service operator. Although this may be effective when both systems share 

adjacent bands, it may be of little value when the separation between the bands is large, as the 

additional bandwidth may not provide any substantial improvement in filter attenuation. 

Furthermore, the insertion of a guardband reduces the bandwidth available to one or both services. 

To assess the impact of a guardband the following calculations should be undertaken. The 

interference power (W) received by the passive service is as follows: 

  f
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where: 

 I : interference power received by the passive service receiver within its receive 

bandwidth (W/m2) 

 f1, f2 : lower and upper edge respectively of the passive service receiver band (Hz) 

 p( f ) : unwanted emission power density as a function of frequency at the trans-

mission antenna flange (W/Hz) 

 g1( f ) : gain of the transmission antenna as a function of frequency in the direction of 

the passive service antenna 

 g2( f ) : gain of the passive service antenna as a function of frequency in the direction 

of the transmission antenna 

 FSL : free space loss (m2) 

 ATM( f ) : atmospheric absorption in the band as a function of frequency  

 r( f ) : transfer characteristics of passive service receive filters as a function of 

frequency. 

Implementing a guardband involves shifting both the receiver and transmitter curves. As a result of 

the frequency shift some of the curves may change shape to accommodate the bandwidth available. 

2.2.13.1.3  Use of geographic isolation 

Another method to avoid detrimental interference is to make sure that the Earth-based passive 

service station is sufficiently removed from the boresight of the active service transmitter. If the 

Earth-based passive service stations are located in areas, which are removed from the space station 

service area then the interference, is minimized. Furthermore, if the Earth-based passive service 

stations are few in number and their positions are well known then it should be possible for the 

space station designer to position the beams so as to avoid the Earth-based passive service stations. 
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2.2.13.2  Passive system 

See Recommendation ITU-R SM.1542. 

2.2.14 End circles (a), (b), (c) 

End (a): The methodology ending at this point has determined that compatibility has been 

demonstrated between the initial passive service parameters and the initial or refined active service 

parameters. It is a possible outcome at his point that no modifications were needed and the initial 

parameters analysed represent compatible systems. 

End (b): The methodology ending at this point has determined that compatibility has been 

demonstrated between the initial or refined passive service parameters and the initial or refined 

active service parameters or by the consideration of other mitigation techniques. 

End (c): The methodology ending at this point has determined that compatibility cannot be 

demonstrated with the initial or refined parameters for each service. It is necessary that the 

administrations sponsoring specific systems enter into negotiations relative to these systems. 

2.3 Technical appendix 

The aim of this technical appendix is to collect information on technical topics that can be used 

within the band by band compatibility analysis between EESS (passive) and active services 

allocated in adjacent bands. This Appendix is divided into two main parts. The first section focuses 

on representation of unwanted emission spectra depending on specific or generic information. The 

second one develops the methodology concerning dynamic simulation and interpretation of its 

output. 

Recommendation ITU-R SM.1541 and RR Appendix 3 provide a starting point to allow the 

evaluation of interference to passive sensors in passive bands from active services operating in 

adjacent or nearby active service bands.  

However, the masks in ITU-R SM.1541 and the limits in RR Appendix 3 provide envelops of 

maximum levels against which the OoB or spurious domain emission levels may be evaluated 

respectively, so that any attempt to estimate the total amount of power in the OoB or spurious 

domain using these envelop levels will over-estimate the actual power of unwanted spectrum. Thus, 

such application can provide a worst case analysis only. If compatibility is not achieved with this 

initial analysis, it is necessary to refine the study. The following sections detail some possible 

techniques to achieve a more accurate estimation: 

– a computer simulation approach applicable to communications systems in the fixed, mobile, 

fixed-satellite, mobile-satellite and inter-satellite services,  

– a Fourier analysis approach applicable to radar systems, 

– use of (sin x/x)² function for FSS/MSS system signal roll-off or use of other post 

modulation filters for FSS uplinks, 

– usage of raised cosine filters. 

2.3.1 Representation of unwanted emission spectra  

2.3.1.1  Representation of unwanted emission spectra using Recommendation ITU-R 

SM.1541  

2.3.1.1.1  Theoretical approach for FSS/MSS systems, determination of the OoB or spurious 

domain 

When unwanted emission spectra derived from a computer model or any alternative model is not 

available, Recommendation ITU-R SM.1541 is still applicable. In its Annex 5, the 
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Recommendation ITU-R SM.1541 specifies the generic out-of-band mask (OoB) for FSS and MSS 

earth and space stations. 

From Annex 5 of Recommendation ITU-R SM.1541, we have the following: 

“The OoB domain emissions of a station operating in the bands allocated to the FSS should be 

attenuated below the maximum psd, in a reference bandwidth of 4 kHz (for systems operating 

above 15 GHz a reference bandwidth of 1 MHz may be used in place of 4 kHz) within the 

necessary bandwidth, by the following: 

  dBsd1
50

log40 









F
 (9) 

where F is the frequency offset from the edge of the total assigned band, expressed as a percentage 

of necessary bandwidth. It is noted that the OoB emission domain starts at the edges of the total 

assigned band.” 

For example, if the passive band is above the active band, therefore, F can be written as: 
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with the notations: 

 f: frequency outside the necessary bandwidth 

 f0: central frequency of the carrier 

 Bn: necessary bandwidth of the active service.  

It is noted that the OoB emission domain starts at the edges of the total assigned band One edge of 

the total assigned band is 
2

0
nB

f  . Using equation (10), equation (9) can be transformed into the 

following equation. 
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2.3.1.1.2  Computation of the OoB power in adjacent bands 

To evaluate the impact of out of band emissions on passive services allocated in adjacent or 

adjacent bands, we have to take into consideration:  

– the necessary bandwidth of the active system emission as it is a key parameter that defines 

the size of the OoB domain; 

– the bandwidth of the receiver. 

The expression of the power spectral density within the OoB is given by the following equation: 
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The expression of the OoB power falling in the adjacent passive band is given as follows: 
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where: 

 BN:  in MHz  

 psdmax_BN:  maximum power spectral density within the necessary bandwidth (W/MHz) 

 F1:  represents the frequency separation between the start of the OoB domain and 

the start of the passive band expressed as a percentage of the necessary 

bandwidth 

 F2:  represents the frequency separation between the start of the OoB domain and 

the end of the passive band or the end of the OoB domain, whichever comes 

first. 

We can define a factor (R1) representing the difference between the power within the necessary 

bandwidth BN and the power in the passive band: 
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2.3.1.1.3 Determination of the total power budget 

The notion of the total power ptot actually transmitted is not defined in RR Article 1. Such a notion 

would equal: 

  spuriousOOBBntot pppp     (13) 

with: 

 pBn: power within the necessary bandwidth 

 pOOB: out of band power on both sides = 2p (with F1 = 0 and F2 = 200) 

 pspurious: spurious power on both sides. 

Using the mask contained in Recommendation ITU-R SM.1541, p can be written as follows: 

   )200and0with)11(equationofnapplicatio(
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Assuming that the power is uniformly distributed within the necessary bandwidth, we have: 
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Considering equation (13), we have then: 
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Therefore it means that based on the OoB domain mask given in Recommendation ITU-R SM.1541 

less than 75% of the total power used to transmit useful information is falling within the necessary 

bandwidth. More than 25% of the total power consists of unwanted emission instead of 1% (0.5% 

from each side of the emission) that is required for the emission to be considered as optimum from 

the standpoint of spectrum efficiency in accordance with § 2 of Recommendation ITU-R 

SM.328-10.  

This result is incompatible with the RR definition of “Occupied bandwidth”. Therefore, the result of 

the calculation of the power in the OoB region, assuming that all the OoB emissions are always at 

the maximum level of the ITU-R SM.1541 mask shows that this mask is only a guideline against 

which compliance of a given emission is evaluated.  

To reconcile the OoB mask provided by Recommendation ITU-R SM.1541 and an optimum use of 

the spectrum, only a fraction of the OoB power calculated based on the recommended OoB mask 

should actually be considered.  

The expression of the power spectral density for a given frequency F using Recommendation 

ITU-R SM.1541 is the following: 
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Its corresponding logarithmic expression is therefore: 

  







 1

50
log40)(log10)( 1010

F
BPFPSD NBN

                dB(W/1 MHz) (16) 

For the equation shown above BN is in MHz. 

Therefore the power into the OoB domain is: 
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If one calculated the power within the OoB domain (i.e. F in the range [0;200]) and assumed that 

the unwanted emissions on one side of the necessary bandwidth is limited to less than 0.5% of the 

total mean power pT we have: 

  TB pp
N

99.0  

The fill-in factor ff is defined as: TOoB PPff 005.0 . Therefore, it can be noted that ff represents the 

portion of the OoB power calculated using the Recommendation ITU-R SM.1541 mask that could 

be retained in order to ensure achieving the optimum from the standpoint of spectrum efficiency 

(BN: occupied bandwidth as defined in RR No. 1.153). 
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If one considers the logarithmic expression, it comes: 
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After calculation, one can find: 
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Eventually: 

  %3ff  (18) 

2.3.1.1.4 Digital communications 

By definition in the RR, No. 1.153 stipulates that the power in the occupied bandwidth is equal to 

99% of the total mean power emitted, unless specified otherwise. Typically, for digital 

communications carriers using root raised cosine filtering, the necessary bandwidth and the 

occupied bandwidth are the same and thus 99% of the total mean power emitted is within the 

necessary bandwidth. In the case of wide band carriers, this is especially important from a spectral 

efficiency point of view to ensure that the use of available spectrum is maximized. It is in the best 

interests of the satellite services to emit the majority of available power in the necessary bandwidth. 

2.3.1.2 Unwanted emission spectra provided by simulation 

A more representative estimate of the unwanted emission spectra produced by a transmitter in an 

adjacent or nearby band may be obtained by means of computer simulations of typical transmitter 

equipment used by the active service. Figure 2-2 presents a block diagram for the communications 

system being simulated.  
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FIGURE 2-2 

Communications transmitter block diagram for unwanted emission spectra simulation 

 

Such simulations have to be band specific to reflect the particular technical and operating 

parameters that are typical for the different services in each band addressed in this 

Recommendation. In some cases, representative modulation parameters can often be obtained from 

existing ITU-R sources, such as Recommendation ITU-R F.758 for the fixed service. Typical values 

can be assumed for other parameters required for the simulation, such as the characterization of 

transmitter non-linearities. While IF filtering of the data stream used to modulate the carrier needs 

to be specified, using typical values for the type of modulation involved, final output filtering 

characteristics have not been included in studies to date. However, the simulation methodology is 

capable of including the effects of various types of post-modulation filtering on the representation 

of the unwanted emission spectra, and such post-modulation filtering should be included in the 

simulations when information on typical post-modulation filter characteristics are available. 

The simulation model in Fig. 2-2 is used to characterize a transmitter in which the carrier is 

modulated by a single baseband signal. The unwanted emission spectra (including intermodulation 

effects) produced by more complex transmitters, such as multi-carrier transmitters and frequency 

changing satellite transponders, can also be modelled by computer simulation, but the simulation 

block diagram illustrated in Fig. 2-2 will have to be expanded to cover such cases. 

2.3.1.3 Unwanted radar emissions 

For the case of radar emissions, a method has been developed that makes use of spectral 

representations based on Fourier analysis in order to give a more accurate estimation of the 

unwanted emission power falling into the passive band. 

2.3.1.3.1 General approach 

Recommendation ITU-R SM.1541 provides an attenuation mask that when used in the assessment 

of the unwanted power falling within the EESS (passive) band could result in a large overestimation 

of it. In order to arrive to accurate spectral representations of modulated and unmodulated radar 

signals, first the shape of the pulse needs to be taken into account. Here, trapezoidal pulses will be 

used where pulse rise- and fall-times are similar thus resulting in a symmetrical pulse shape for 

unmodulated pulses. 
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The radar spectra can be compared to the OoB domain mask for primary radars as contained in 

Fig. 25 of Annex 8 to Recommendation ITU-R SM.1541 (page 48). Since the mask is expressed in 

a frequency separation as a percentage of the –40 dB bandwidth (B–40), B–40 is obviously dependent 

on the radar parameters and needs to be calculated according to formulas in Annex 8 

(Recommendation ITU-R SM.1541). 

A sample plot is shown in Fig. 2-3. 

FIGURE 2-3 

Sample plot for System 2 from Recommendation ITU-R M.1463 that compares the spectral  

representation and the envelope mask from Recommendation ITU-R SM.1541 

 

From the developed masks and spectra, the radar signal attenuation is known compared to the in-

band situation. When also the peak power into the antenna is given, estimations can be made on the 

amount of power falling into the passive band in order to arrive to the unwanted emission power at 

the radar antenna port. This should form the basis for the compatibility analysis. 
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2.3.1.3.2 Validation of the general approach 

Radar systems 1 and 2 from Table 3-3 of § 3 have been analyzed. The results are shown in Fig. 2-4. 

FIGURE 2-4 

System 1 (2 s pulse length) 

Pulse rise- and fall-time of 10 ns 

System 2 (88.8 s pulse length)  

Pulse rise- and fall-time of 10 ns 

 

The measurements were done using a spectrum analyzer in its “maximum hold” setting, which 

means that the red curves in Fig. 2-4 are basically peak envelopes. It can be clearly seen from these 

figures that the theoretical spectra are very close to the actual measurements using the same 

parameters. In the laboratory setup a frequency sweeper has been used (waveform generator in the 

block diagram) that is expected not to have sufficient spectral purity to reach the required noise 

floor to conduct measurements around 100 MHz away from the carrier.  

2.3.1.4 Computation of the unwanted emission spectra using (sin x/x)2 to represent the 

modulated signal for FSS/MSS systems 

A proposed alternative way to the usage of Recommendation ITU-R SM.1541 for the representation 

of unwanted emission spectra in compatibility analysis consists of using the sin2 x/x2 representation 

of the modulated signal spectrum followed in the worst case by no significant post-modulation 

filtering or by a representation of the post-modulation filter characteristics, if applicable.  

Digital communication carriers used over satellite networks typically employ a raised cosine 

pre-modulation filtering to reduce inter-symbol interference. In some cases, the pre-modulation 

filtering is square-root raised cosine where the filtering is divided equally between the transmitter 

and the receiver. In practice, however, the filtering is not divided equally between transmitter and 

receiver but the result is usually raised cosine. Thus, it is not possible to define an amount of 

pre-modulation filtering that is representative of all earth station emissions. Furthermore, 

transmissions from FSS earth stations in commercial satellite applications in the 6/4, 14/11-12 and 

30/20 GHz bands have not employed any post modulation filtering at all.  

The sin2 x/x2 representation of the modulated signal spectrum applies to the case where no filtering 

is done of the pre-modulation data pulses. However, root raised cosine pre-modulation filtering is 

typically employed in FSS systems. 
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2.3.1.5 Attenuation functions and their potential use for the knowledge of the unwanted 

emission falling within the passive band for MSS/FSS systems 

The following FSS uplink attenuation functions, as reflected by the equations below, are used on 

particular FSS systems. 
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where fc is the centre frequency of the FSS emissions closest to the edge of the passive band. 

Under the assumption that one of the edges of the FSS channel also corresponds to an edge of a 

passive band, it could be easily shown that the equation given above are equivalent to the equation 

associated to the FSS OoB mask given in Recommendation ITU-R SM.1541 plus 8 dB. Thus, 

within their frequency range of interest, each of the above equations are equivalent to the following: 
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However, it is to noted that depending on the nature of the A(f) functions, dBsd attenuation 

functions (dBsd mask) or filter attenuation functions, they are used differently. 

2.3.1.5.1  Use of the attenuation functions as a dBsd mask (Recommendation ITU-R SM.1541 

+ 8 dB) (see Fig. 2-5) 

FIGURE 2-5 

Attenuation mask (dBsd) 
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To evaluate the impact of the OoB domain emissions on the passive band in the adjacent band, the 

ratio of the maximum power spectral density within the necessary bandwidth and the attenuation 

function described above is integrated over the spectrum region of interest as shown below: 
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where:  

 psdmax_BN : maximum power spectral density within the necessary bandwidth   

 a(f):  dBsd attenuation function expressed in a linear scale. 

We can also have the equation: 
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 F1: frequency separation between the start of the OoB domain and the start of the 

passive band expressed as a percentage of the necessary bandwidth 

 F2: frequency separation between the start of the OoB domain and the end of the 

passive band or the end of the OoB domain, whichever comes first, expressed 

as a percentage of the necessary bandwidth. 

The OoB power falling within the passive band:  
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where: 

 BN:  in MHz  

psdmax_BN (W/MHz): maximum power spectral density within the necessary bandwidth  
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 pBN (W):  power within the necessary bandwidth. Assuming that the power is uniformly 

distributed within BN, we have: NNBB Bpsdp
N _max . 

Then equation (22) could be re-written as follows: 
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Expressed in a logarithmic scale, equation (23) becomes: 
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We can define a factor (R2) representing the difference between the amount of power within the 

necessary bandwidth BN and the power in the 200 MHz passive band: 
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2.3.1.5.2  Use of the given functions as filter attenuation function 

To evaluate the impact of the unwanted emissions on the passive band in the adjacent band, the 

ratio of the maximum power spectral density within the necessary bandwidth and the attenuation 

function described above is integrated over the spectrum region of interest as shown below: 
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 s(f ):  power spectral density function of the signal at the input of the filter, a(f) 

represents the filter attenuation function expressed in a linear scale 

 f1 and f2: edges of the EESS (passive) band1. 

The filter characteristic function can also be sometime, be given in terms of its frequency response 

(Fourier transform of the filter transfer function h(t)) generally referred to as h(f). 

2.3.1.5.3  Relationship between the frequency response, the filter gain and the filter 

attenuation function 

Assuming that a(f) and g(f) represent respectively the filter attenuation and the filter gain function 

expressed in a linear scale, we have: 
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1  In a case of an OoB mask (dBsd), f2 represents either the edge of the passive band or the end of the OoB 

domain whichever comes first. 
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Furthermore, the gain of a filter is related to the frequency response of the filter as follows: 
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Based on equation (27), equation (28) becomes: 
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where: 

 s(f):  power spectral density function of the signal at the input of the filter, g(f) 

represents the filter gain function expressed in a linear scale 

 h(f):  Fourier transform of the filter transfer function 

 f1 and f2:  edges of the EESS (passive) band. 

2.3.1.6 Possible refinement of the interference power calculation in the case of Unwanted 

emissions from FS systems  

2.3.1.6.1 General approach that may fall within EESS bands 

In cases where the unwanted emissions level from FS systems at the edge of the OoB domain 

(derived from Recommendation ITU-R SM.1541) is significantly below the limit within the 

spurious domain given in Recommendation ITU-R SM.329 or in RR Appendix 3, the evaluation of 

the interference power falling in the EESS band calculated by using limits given in 

Recommendation ITU-R SM.329 or RR Appendix 3, will lead to significantly overestimate the 

power falling in a wide reference bandwidth (see Fig. 2-6). 
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Therefore, calculation of the interference power due to the unwanted emissions of the FS system 

falling into wide reference bandwidths may be refined by assuming that the spurious emission level 

does not exceed the level reached at the edge of the OoB domain (see Fig. 2-7). 

FIGURE 2-7 

Unwanted emission mask for an FDMA system  

(–5 dB(W/28 MHz)/fc= 31 829 MHz) 
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2.3.1.6.2 Possible refinement for the 1 400-1 427 MHz band 

Alternatively, some national or regional standards may also be applied to refine unwanted emissions 

spectra estimation depending on the scenario of the compatibility study.  

For example, Recommendation ECC 02-05 gives guidance about the use of the whole package of 

ITU-R Recommendations and their relation to the ERC Recommendation 74-01 on spurious 

emissions for CEPT countries. Additionally, within Europe, fixed service equipments operating in 

the 1 350-1 400 and 1 427-1 452 MHz bands have to comply with some ETSI standards, which are 

more stringent than the corresponding ITU-R or CEPT Recommendation. Two ETSI standards are 

applicable in these bands: ETSI EN 300 630 and ETSI EN 301 390. 

Different frequency plans (channel centre frequencies and bandwidths) are used from one country 

to another. Figure 2-8 depicts such a spectrum for a fixed service link with a 0 dBW emission 

power (i.e. e.i.r.p. minus maximum antenna gain), a 2 MHz channel bandwidth and a centre 

frequency of 1 390 MHz. 

 

2.3.1.7 Computation of the unwanted emission spectra using (sin x/x)2 attenuation for 

FSS/MSS systems 

A proposed alternative way to the usage of Recommendation ITU-R SM.1541 for the representation 

of unwanted emission spectra in compatibility consists of using the sin2 x/x2 representation of the 

modulated signal spectrum followed in the worst case by no significant post-modulation filtering or 

by a representation of the post-modulation filter characteristics, if applicable.  

Digital communication carriers used over satellite networks typically employ a raised cosine 

pre-modulation filtering to reduce inter-symbol interference. In some cases, the pre-modulation 

filtering is square-root raised cosine where the filtering is divided equally between the transmitter 

and the receiver. In practice, however, the filtering is not divided equally between transmitter and 

receiver but the result is usually raised cosine. Thus, it is not possible to define an amount of 
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pre-modulation filtering that is representative of all earth station emissions. Furthermore, 

transmissions from FSS earth stations in commercial satellite applications in the 6/4, 14/11-12 and 

30/20 GHz bands have not employed any post modulation filtering at all.  

The sin2 x/x2 representation of the modulated signal spectrum applies to the case where no filtering 

is done of the pre-modulation data pulses. Root raised cosine pre-modulation filtering is typically 

employed in FSS systems, which may reduce the power density level of the post-modulation 

unwanted emission spectrum to a level below that predicted by the sin2 x/x2 representation 

depending upon the amount of the total filtering that is applied at the transmitter. However, a closed 

form representation of such a post-modulation emission spectrum that can be used outside of the 

necessary bandwidth in place of the sin2 x/x2 representation is not currently available.  

2.3.2 Use of dynamic simulation techniques to refine interference analyses 

2.3.2.1 Rationale 

In cases where the scenario is not static, and the worst-case static analysis results in the potential 

interference level exceeding the passive service interference criteria, a determination of the 

statistical distribution of interference events will be required. Performing a dynamic analysis, which 

accounts for the time varying characteristics of the scenario, can do this. The steps that should be 

followed are as follows: 

Step 1: A dynamic simulation should be run in cases where the scenario is time varying to 

determine the statistical distribution of the interference. A dynamic simulation could show 

that there is an insignificant occurrence of interference as defined by Recommendation 

ITU-R RS.1029-2 or from Recommendation ITU-R RA.1513. If this is the case, then no 

further analysis is required.  

Step 2: If the simulation shows that the interference is significant, the process should be repeated 

assuming the use of possible mitigation techniques to determine if the use of such 

techniques would resolve the difficulties. Such techniques may include consideration of 

approaches such as the impact of post-modulation filtering or a different -active service 

operating centre frequency further separated from the passive band. The calculations should 

be repeated using varying assumptions until the interfering partial power at the passive 

service system is less than the required protection in order to identify the degree of 

mitigation required and to assess the impact of providing such mitigation on the design of 

the active service.  

2.3.2.2 Description 

The dynamic simulations are performed according to the following methodology. 

2.3.2.2.1 In-band simulation 

The co-frequency situation consists of running the simulation within the passive band using the 

parameters of the corresponding active systems.  

The in-band simulation provides a cumulative distribution that allows to know how much the 

interference threshold is exceeded according to relevant ITU-R Recommendations. Let P  be the 

result of the dynamic analysis. It is equal to the OoB attenuation factor between the e.i.r.p. of the 

interferer within the active band with the e.i.r.p. falling into the Bref reference bandwidth use by the 

protection criterion. 
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2.3.2.2.2 Use of the result of the in-band simulation to determine the attenuation provided by 

Recommendation ITU-R SM.1541 or other modulation/post-modulation filtering, 

mitigation techniques 

This section verifies whether the unwanted mask shape of the active service suits well with the 

required attenuation P  (dB) determined in the in-band simulation. 

The following definitions are used. 

Bref1:  reference bandwidth associated with the use of the OoB mask (1 MHz for space services for 

frequencies above 15 GHz, 4 kHz below) provided by Recommendation ITU-R SM.1541; 

Pref1:  emission power in the reference bandwidth of the OoB mask (W/Bref1); 

BN : necessary bandwidth; 

PT : power in the necessary bandwidth (W); 

Bref2:  reference bandwidth of the EESS protection criterion (200 MHz in most cases); 

Pref2:  emission power in the EESS reference bandwidth (W/Bref2); 

L:  limit proposed in the EESS reference bandwidth (W/Bref2); 

Att(F):  OoB Attenuation mask (dBsd) as a function of “F”, frequency offset expressed as a 

percentage of the necessary bandwidth (see Recommendation ITU-R SM.1541); 

S:  EESS protection criterion (W/Bref2); 

I:  interference resulting from the In band simulation assuming an active service with a PT 

emission power assuming that the reference bandwidth is equal to Bref2 (artificial system). 

 

All the following calculations are presented in a linear expression (not in dB). 
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Based on the in-band simulation, we can define the following parameters: 

– the ratio between the interference and the EESS protection criterion: 

  
S

I
P    (30) 

– limit proposed in the EESS reference bandwidth (also known as the provisional power limit 

for the EESS band): 

  
P

P
L T


                 W/Bref2  (31) 

The in-band simulation will provide the P factor which stands for the excess power above the 

threshold required by the relevant protection criterion. Therefore, the corresponding unwanted 

power within the EESS reference bandwidth is 

  PPL T                dBW/Bref2 (32) 

In other way, L can be written as ,SIPT   and does not depend on BN or Bref2. 

Finally, this figure has to be compared with relevant attenuation given by one of the two options as 

detailed in § 2.3.1, and additional filtering (modulation or post-modulation). 

One may also need to identify the value of the expected attenuation mask within the passive band: 

Based on Recommendation ITU-R SM.1541, we can define the following parameters: 

– The maximum power spectral density within the necessary bandwidth BN (real system as 

opposed to the artificial system used to define the provisional power limit for the EESS 

band). Assuming that the power is uniformly distributed within the necessary bandwidth, 

we have: 
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– The OoB emission power falling within the passive band assuming a dBsd attenuation 

mask (attenuation relative to the maximum power spectral density within BN).  
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Assuming that the limits of the integration domain Bref2 in terms of frequency offset (expressed as a 

percentage of the necessary bandwidth) from the edge of the necessary bandwidth are F1 and F2 , 

we have: 
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Assuming a constant attenuation (flat OoB mask) within the EESS reference bandwidth 

(Att(F) = C), we have: 
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In order to protect the EESS passive sensor, We must have LPref 2  which means that: 
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The corresponding logarithmic expression is: 
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The bandwidth scaling factor Bref2/BN has then to be considered to identify the necessary attenuation 

factor (dBsd) below the psd of the active service in the active band, especially if Recommendation 

ITU-R SM.1541 is used as mentioned in the calculations before. 

2.3.3 Additional refinements 

2.3.3.1 Minimum Earth-space propagation attenuation due to atmospheric gases for use in 

compatibility studies between passive services and active services 

2.3.3.1.1 Introduction 

Earth-space propagation attenuation between a terrestrial station and a space station (geostationary 

or non-geostationary) resulting from absorption due to atmospheric gases including water vapour is 

an important factor in compatibility studies between passive services and active services. This slant 

path attenuation depends on the distribution along the path of meteorological parameters such as 

temperature, pressure and humidity, and thus varies with the geographical location of the site, the 

month of the year, the height of a terrestrial station above sea level and the elevation angle of the 

slant path and the operating frequency. The procedure for calculating the slant path attenuation is 

the line-by-line procedure given in Annex 1 to Recommendation ITU-R P.676. 

The detailed calculation of atmospheric absorption attenuation may utilize local information of 

average water vapour content in the driest month and of other meteorological parameters along with 

the atmospheric models of Recommendation ITU-R P.835. When this information is not available, 

the following results provide a simple procedure for estimating atmospheric attenuation. 

The formulae given below consider each of the frequency bands of interest that are allocated to 

passive services and are presented for five representative geographical areas of the world (northern 

and southern hemispheres). 
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2.3.3.1.2 Estimation of Earth-space path attenuation 

For the purpose of this simplified estimation, a station on the surface of the Earth is identified as 

being within one of three climate areas depending only on the latitude (absolute value) of the 

station: 

 low-latitudes within 22.5° of the Equator; 

 mid-latitudes greater than 22.5°, but less than 45° from the Equator; 

 high-latitudes of 45° or more from the Equator. 

Table 2-1 shows the climate parameters for each of these areas. Note that the sea-level water vapour 

density for the low-latitude area is lower than that prescribed in Recommendation ITU-R P.835 

corresponding to the dry season. The attenuation values for these areas have been determined as a 

function of the elevation angle of the actual transmission (or reception) path from the station on the 

surface of the Earth to the position of a space station (GSO or non-GSO). The numerical formulae 

for atmospheric attenuation, which approximate the theoretical values, are given in the following 

sections, where: Considering the following notations and applying the procedure for calculating the 

slant path attenuation , the total atmospheric absorption loss (dB) for the low-latitude AL (h, θ)2, 

mid-latitude AM (h, θ) and high-latitude AH (h, θ) is given for the different frequency bands of 

interest by the following formula: 

AL (h, θ), AM (h, θ), AH (h, θ): total atmospheric absorption loss (dB) for the low-latitude, 

mid-latitude and high-latitude areas, respectively; 

  h and θ: altitude above sea level of the station on the surface of the Earth (km) 

and elevation angle (degrees), respectively. 

TABLE 2-1 

Parameters at sea level for the climate areas 

Climate area Temperature  

(K) 

Atmospheric 

pressure  

(hPa) 

Water vapour 

density  

(g/m3) 

Low-latitude 300.4 1 012.0 10.0 

Mid-latitude 272.7 1 018.9 3.5 

High-latitude 257.4 1 010.8 1.23 

 

The line-by-line method in Annex 1 to Recommendation ITU-R P.676 was used for integration. The 

height profiles of temperature, pressure and water vapour density as defined in Recommendation 

ITU-R P.835 were used in calculating the loss. Since the bandwidth of each frequency band 

allocated to passive services is relatively narrow, the centre of the band was used as a representative 

frequency, assuming that the attenuation is almost constant over each band. The approximation was 

carried out for 30  h  km and 0°  90 . Some of the formulae listed appear in 

Recommendations ITU-R SF.1395 and ITU-R F.1404, but are included here for completeness. 

If the interference path is one between two space stations, the atmospheric absorption attenuation 

should be regarded as 0 dB. 

                                                 

2  h and θ: altitude above sea level of the station on the surface of the Earth (km) and elevation angle 

(degrees), respectively. 
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Frequency band 1 400-1 427 MHz 

 AL (h, θ) = 1.59 / [1 + 0.6294 θ + h (0.2258 + 0.1220 θ)] (36) 

 AM (h, θ) = 1.89 / [1 + 0.6813 θ + h (0.2828 + 0.1580 θ)] (37) 

 AH (h, θ) = 2.09 / [1 + 0.7106 θ + h (0.3057 + 0.1718 θ)] (38) 

Frequency band 1 610.6-1 613.8 MHz 

 AL (h, θ) = 1.63 / [1 + 0.6348 θ + h (0.2323 + 0.1250 θ)] (39) 

 AM (h, θ) = 1.95 / [1 + 0.6870 θ + h (0.2908 + 0.1621 θ)] (40) 

 AH (h, θ) = 2.16 / [1 + 0.7172 θ + h (0.3148 + 0.1767 θ)] (41) 

Frequency band 2 690-2 700 MHz 

 AL (h, θ) = 1.78 / [1 + 0.6527 θ + h (0.2552 + 0.1355 θ)] (42) 

 AM (h, θ) = 2.11 / [1 + 0.7022 θ + h (0.3123 + 0.1730 θ)] (43) 

 AH (h, θ) = 2.33 / [1 + 0.7331 θ + h (0.3371 + 0.1881 θ)] (44) 

Frequency band 10.6-10.7 GHz 

 AL (h, θ) = 3.38 / [1 + 0.8346 θ + h (0.2690 + 0.2738 θ) + 0.09948 h2] (45) 

 AM (h, θ) = 3.00 / [1 + 0.7507 θ + h (0.3983 + 0.2147 θ)] (46) 

 AH (h, θ) = 2.97 / [1 + 0.7476 θ + h (0.3734 + 0.2072 θ)] (47) 

Frequency band 21.2-21.4 GHz 

 AL (h, θ) = 39.24 / [1 + 0.8450 θ + 0.06450 θ2 – 0.002107 θ3 + 0.165710–4 θ4 

 + h (0.2902 + 0.3773 θ) + h2 (0.09362 + 0.1667 θ) + 0.03977 h3] (48) 

AM (h, θ) = 17.15 / [1 + 0.8101 θ + 0.02691 θ2 + h (0.2374 + 0.2727 θ) +  

 h2 (0.1157 + 0.08487 θ)]  (49) 

 AH (h, θ) = 9.87/[1 + 0.6239 θ + 0.04358 θ2 + h (0.07017 + 0.3633 θ) + 0.1166 h2] (50) 

Frequency band 22.21-22.5 GHz 

 AL (h, θ) = 47.63 / [1 + 0.7826 θ + 0.1060 θ2 – 0.009088 θ3 + 0.0002975 θ4 – 0.3991 

 10–5 θ5 + 0.185310–7 θ6 + h (0.2959 + 0.3016 θ) + h2 (0.06740 + 0.1773 θ)  

 + 0.03795 h3]  (51) 

 AM (h, θ) = 20.26 / [1 + 0.7215 θ + 0.05983 θ2 – 0.001961 θ3 + 0.155510–4 θ4 

 + h (0.2047 + 0.2338 θ) + h2 (0.1088 + 0.08897 θ)] (52) 

 AH (h, θ) = 11.48 / [1 + 0.6065 θ + 0.04355 θ2 + h (0.05653 + 0.3470 θ) + 0.1096 h2] (53) 

Frequency band 23.6-24.0 GHz 

 AL (h, θ) = 41.78 / [1 + 0.8705 θ + 0.06699 θ2 – 0.002203 θ3 + 0.174310–4 θ4 

  + h (0.3132 + 0.4079 θ) + h2 (0.09824 + 0.1906 θ) + 0.04830 h3] (54) 

 AM (h, θ) = 18.42 / [1 + 0.8311 θ + 0.02870 θ2 + h (0.2517 + 0.2995 θ) +  

   h2 (0.1330 + 0.09409 θ)]  (55) 

 AH (h, θ) = 10.73 / [1 + 0.6427 θ + 0.04402 θ2 + h (0.08210 + 0.3840 θ) + 0.1273 h2] (56) 
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Frequency band 31.3-31.5 GHz 

 AL (h, θ) = 19.52 / [1 + 0.9294 θ + 0.02495 θ2 + h (0.3409 + 0.4368 θ)  

 + h2 (0.1938 + 0.07732 θ)]  (57) 

 AM (h, θ) = 11.89 / [1 + 0.8124 θ + 0.01982 θ2 + h (0.2738 + 0.3876 θ) + 0.1181 h2] (58) 

 AH (h, θ) = 9.70 / [1 + 0.8149 θ + h (0.2388 + 0.2699 θ) + 0.08830 h2] (59) 

Frequency band 42.5-43.5 GHz 

 A L(h, θ) = 33.54 / [1 + 0.7690 θ + 0.04472 θ2 – 0.001416 θ3 + 0.107210–4 θ4 

  + h (0.2675 + 0.3897 θ) + 0.1253 h2] (60) 

 AM (h, θ) = 26.58 / [1 + 0.6859 θ + 0.04579 θ2 – 0.001451 θ3 + 0.110810–4 θ4 

 + h (0.2418 + 0.3068 θ) + 0.07381 h2] (61) 

 AH (h, θ) = 25.01 / [1 + 0.6552 θ + 0.04585 θ2 – 0.001450 θ3 + 0.110910–4 θ4 

 + h (0.2219 + 0.2734 θ) + 0.06186 h2] (62) 

Frequency band 50.2-50.4 GHz 

 AL (h, θ) = 91.86 / [1 + 0.65929 θ + 0.055368 θ2 – 0.0039239 θ3 + 0.00011109 θ4 

 – 0.1340710–5 θ5 + 0.5704110–8 θ6 + h (0.24505 + 0.18790 θ  

 + 0.0016855 θ2)+ h2 (0.055349 + 0.026631 θ)] (63) 

 AM (h, θ) = 90.25 / [1 + 0.64981 θ + 0.059840 θ2 – 0.0043911 θ3 + 0.00012737 θ4 

 – 0.1560910–5 θ5 + 0.6715010–8 θ6 + h (0.23568 + 0.17708 θ 

 + 0.0022801 θ2)+ h2 (0.052633 + 0.033709 θ)] (64) 

 AH (h, θ) = 93.17 / [1 + 0.65343 θ + 0.061286 θ2 – 0.0045343 θ3 + 0.00013177 θ4 

 – 0.1612010–5 θ5 + 0.6912010–8 θ6 + h (0.24860 + 0.16341 θ 

 + 0.0027123 θ2)+ h2 (0.047282 + 0.035113 θ)] (65) 

Frequency band 52.6-52.8 GHz 

 AL (h, θ) = 243.6 / [1 + 0.61184 θ + 0.035912 θ2 – 0.0018265 θ3 + 0.4005210–4 θ4 

 – 0.4123110–6 θ5 + 0.1589010–8 θ6 + h (0.16591 + 0.16486 θ 

 + 0.0016442 θ2 – 0.2615410–4 θ3) + h2 (0.045789 + 0.022061 θ)] (66) 

 AM (h, θ) = 243.8 / [1 + 0.63597 θ + 0.037426 θ2 – 0.0019080 θ3 + 0.4176210–4 θ4 

 – 0.4282310–6 θ5 + 0.1643110–8 θ6 + h (0.17376 + 0.18234 θ 

 + 0.0018276 θ2 – 0.2948710–4 θ3) + h2 (0.053692 + 0.028670 θ)] (67) 

 AH (h, θ) = 249.9 / [1 + 0.64303 θ + 0.038850 θ2 – 0.0019901 θ3 + 0.4366910–4 θ4 

 – 0.4480210–6 θ5 + 0.1718910–8 θ 6 + h (0.18620 + 0.18810 θ 

 + 0.0019179 θ2 – 0.3154110–4 θ3) + h2 (0.052809 + 0.030444 θ)] (68) 

NOTE 1  If propagation attenuation is actually calculated and included in each compatibility analysis where 

the propagation attenuation was not considered, it is possible that results of the compatibility analysis 

slightly change. Calculations of Earth-space propagation attenuation are, of course, not necessary between 

two earth stations and between two space stations, but necessary between earth and space stations. In this last 
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case, effect of attenuation is rather small for high elevation angles, but the effect is relatively large for low 

elevation angles. Further study is necessary in future for the case of low elevation angles. 

2.3.3.2  Note on reflection coefficient 

One form of interference power into the EESS passive bands arises from unwanted emissions of 

FSS downlinks that are reflected upwards from the Earth's surface towards a nearby EESS sensor. 

For frequencies around 10-20 GHz, this reflected energy has a significant time-varying component. 

Reflections by this mode contribute to the worst-case interference that can be expected. Other 

reflection modes also exist. These would be more frequent in occurrence but at a lower level. 

Recommendation ITU-R RS.1449 describes a model for the reflection coefficient that may be used 

as the foundation in developing a reflection coefficient model applicable to these studies. Further 

work is planned within the ITU-R to develop a bi-static microwave scattering model for 

interference assessment using this approach. 

2.3.3.3  General parametric methodology 

This general parametric methodology may be seen as general guidelines to be used in some specific 

cases: 

– no, or little information currently available on the active system(s) concerned; 

– in some cases, widespread characteristics of existing or planned systems of space services, 

which can hardly be all taken into consideration in the analysis. 

2.3.3.3.1 Rationale 

The idea is to consider the e.i.r.p. and the necessary bandwidth Bn of systems from the active space 

service as variable parameters. The objective is to determine a wide range of possible 

configurations which comply with the protection criteria of the passive sensor (interference 

threshold and availability criteria). For a given active space system, a “configuration” would be 

characterized essentially by a set of three parameters: the maximum e.i.r.p., the necessary 

bandwidth Bn and the frequency offset. Eventually, the antenna gain can also be adjusted because 

in many cases, the transmitted power is considered as well as the antenna gain pattern. 

2.3.3.3.2 Description 

2.3.3.3.2.1 The first step is the definition of a typical model of the active system under 

consideration. In addition to the general configuration, the following parameters will be defined: 

– orbit altitude as a variable parameter in case of systems involving space-borne transmitters 

(for instance systems of the ISS); 

– antenna gain, which may require adjustments depending on the orbit altitude considered; 

– range of necessary bandwidths (Bn) compatible with the band allocated to the active 

service. A realistic range would cover for instance 5% to 50%, or more if necessary, of the 

active space service frequency allocation under consideration; 

2.3.3.3.2.2 The second step is the determination of the maximum e.i.r.p. compatible with the 

protection criteria of the passive sensor (interference threshold and availability criteria). This is 

done under the assumption that the passive sensor and the active service share the same frequency 

band (co-frequency case). The second step includes the following processes: 

– Analyse the geometry “interferer-victim” (semi-static analysis) in order to identify the 

potentially critical configuration(s) where the passive sensor might suffer interference. The 

e.i.r.p. is first arbitrarily defined. The parameters considered in this analysis are essentially 

the mutual orientation of the “interferer-victim” antennas, their distance and the 

atmospheric absorption. The semi-static analysis lets a representative geometrical 

parameter be continuously varying around potential interfering configurations in order to 
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get an accurate picture of the situation. The results are plotted on a chart showing potential 

interference peaks depending on the relative position of the passive sensor and the 

interferer. An example is given in Fig. 2-10, in case of a system from the FSS(↑). The worst 

case configuration occurs when the pointing direction of the FSS earth station antenna is 

contained in the orbit plane of the Earth exploration satellite. Assuming a fixed elevation 

angle of the earth station antenna (case of a FSS in GSO), the interference level is 

computed as a function of the angular distance (geocentric) between the earth station and 

the sub-satellite point of the Earth exploration satellite. Two interference peaks appear 

when the satellite is crossing the earth station antenna main beam, and when the satellite is 

at the zenith of the earth station. Note that the width of the peaks provides a first estimation 

on the duration of the interference event and on the potential loss of coverage. It might be 

beneficial to increase the antenna gain of the active service in order to decrease the width 

and duration of the interference peaks; 

FIGURE 2-10 

 

– Evaluate the probability of occurrence of the potentially critical configuration(s) as regards 

the availability criteria of the passive sensor (dynamic analysis), and adjust the level of the 

e.i.r.p. in an iterative process, such that the protection criteria of the passive sensor is met. 

Such dynamic analysis requires additional information regarding the deployment model of 

the active space service. The objective of this statistical process is to avoid putting undue 

constraints on the active service. The situations where the interference threshold is 

exceeded but which, globally (for instance over an orbit cycle of the passive sensor), fulfil 

the availability criteria of the passive sensor can be filtered out. The result is the maximum 

e.i.r.p. compatible with the protection criteria of the passive sensor in a co-frequency 

hypothesis; 

2.3.3.3.2.3 The third step consists in determining OoB rejection which can be obtained by using 

masks, depending on Bn and on the frequency off-set from the edge of Bn. For variable values of Bn 

selected in the range defined above, the rejection is computed through various means explained in 

§ 2.3.1.  
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2.3.3.3.2.4 The fourth step consists in determining the maximum e.i.r.p. compatible with the 

protection criteria of the passive sensor in real spectrum utilization, depending on Bn and on the 

frequency off-set from the edge of Bn. 

– Augmenting the maximum e.i.r.p. in the co-frequency case determined in the second step 

by the rejection provided by the OoB domain mask computed in the third step yields, for 

each value of Bn selected, the maximum e.i.r.p. which complies with the protection and 

availability criteria of the passive sensor, for various values of the frequency offset; 

– Final results are plotted on a single chart (one chart for each rejection mask) establishing 

the correspondence between the e.i.r.p. and the frequency offset, for several values of Bn, 

such that the protection requirements of the passive sensor are satisfied.  

This procedure enables to propose in a glance a wide range of possible configurations which 

comply with the protection criteria of the passive sensor. The domain of “possible solutions” is then 

limited: 

– by the maximum value of Bn compatible with the frequency band allocated to the active 

service concerned; 

– by the maximum value of frequency offset compatible with an efficient usage of the 

frequency bands allocated (t.b.d., for instance not more than a few percentage of the active 

plus passive allocated frequency bands). 

3 Compatibility analysis between the EESS (passive) systems operating in the 

1 400-1 427 MHz band and radiolocation service systems operating in the 

1 350-1 400 MHz band 

3.1 EESS (passive) 

3.1.1 Allocated band 

This section addresses a band-by-band study between the radiolocation service allocated in the 

1 350-1 400 MHz which is adjacent to the 1 400-1 427 MHz passive band allocated to the Earth 

exploration-satellite (passive) service. It should be noted that according to RR No. 5.340, all 

emissions are prohibited in the band 1 400-1 427 MHz. The allocations are shown in Table 3-1. 

TABLE 3-1 

Adjacent band allocations 

Allocation 

Services in lower 

allocated band 
Passive band 

Service in upper 

allocated band 

1 350-1 400 MHz 1 400-1 427 MHz 1 427-1 429 MHz 1 429-1 452 MHz 

Region 1 FIXED 

MOBILE 

RADIOLOCATION 

5.149 5.338 5.339 

5.339A 

EARTH  

EXPLORATION-

SATELLITE (passive) 

RADIO ASTRONOMY 

SPACE RESEARCH 

(passive) 

5.340 5.341 

SPACE  

OPERATION 

(Earth-to-space) 

FIXED 

MOBILE except 

aeronautical mobile 

5.341 

FIXED 

MOBILE except 

aeronautical mobile 

5339A 5.341 5.342 

Region 

2+3 

RADIOLOCATION 

5.149 5.338 5.339 

5.339A 

FIXED 

MOBILE 5.343 

5.339A 5.341 
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3.1.2 Application 

Frequencies near 1 400 MHz are ideal for measuring soil moisture, and also for measuring sea 

surface salinity and vegetation biomass. Soil moisture is a key variable in the hydrologic cycle with 

significant influence on evaporation, infiltration and runoff. In the vadose zone, soil moisture 

governs the rate of water uptake by vegetation. Sea surface salinity has an influence on deep 

thermohaline circulation and the meridional heat transport. Variations in salinity influence the near 

surface dynamics of tropical oceans. To date, there is no capability to measure soil moisture and sea 

surface salinity directly on a global basis, so the protection of this passive band is essential. 

3.1.3 Required protection criteria 

Recommendation ITU-R RS.1029-2 specifies the interference criteria required for protecting 

satellite passive remote sensing. For the 1 400-1 427 MHz band, recommends 2 and Table 1 

specifies a permissible interference level of −174 dBW in a reference bandwidth of 27 MHz. 

Recommends 3 and Table 1 specifies that that this interference level should not be exceeded for 

more than 0.1% of the sensor viewing or measurement area defined as a square on the Earth of 

10 000 000 km2 unless otherwise justified. 

3.1.4 Operational characteristics 

For this analysis, three passive sensor missions within the 1 400-1 427 MHz band, SMOS, 

HYDROS and Aquarius, were studied. SMOS uses an interferometer technique to combine 

elemental beams into a narrow beam to conduct soil moisture measurements. HYDROS uses a 

conical scan sensor to collect soil moisture data3. Aquarius uses a push broom sensor that will 

collect measurements for observing sea surface salinity and modeling the impact of its variation on 

climatic changes and the global cycling of water. Table 3-2 provides the characteristics and 

parameters of these passive sensors and Figs. 3-1, 3-2 and 3-3 provide the passive sensor antenna 

patterns for these sensors. 

TABLE 3-2 

EESS characteristics 

Parameter SMOS HYDROS Aquarius 

EESS maximum antenna gain (dBi) 9 35 30.7 

EESS altitude (km) 757 670 657 

EESS 3 dB antenna aperture (degrees) 71.6 2.6 5.3 

EESS pointing direction (degrees) 

 

 off Nadir (fixed) 

 

40 off Nadir 

(rotating 6 r.p.m.) 

26.5, 33.8, 39.9 

off Nadir (fixed) 

Swath width (km) 620 1 000 340 

 

The gain for a single element of the SMOS antenna array can be expressed as: 

  2.0027.09 G      for || < 120° (69) 

  G = –30    for || > 120°  

where  is the offset angle from boresight (degrees). 

                                                 

3 The United States of America has delayed the implementation of HYDROS, and a final mission report is 

being prepared. 
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3.2 Radiolocation service 

3.2.1 Allocated transmit band 

The active service band is the radiolocation band 1 350-1 400 MHz. 

3.2.2 Application 

The 1 215-1 400 MHz frequency band is ideally suited for long-range radiolocation applications 

under a wide variety of adverse weather and other operational conditions. 

3.2.2.1 Radar operations under ideal conditions 

Radar energy must propagate to a target, undergo reflection and then travel to a receiver. So, unlike 

most spectrum-dependent systems, radar’s transmitted energy experiences at best an R4 path loss 

attenuation – even before other factors are considered. For example, radar targets reflect only a 

fraction of the incident energy toward the intended receiver. To meet performance specifications, 

large antenna apertures are required to collect and amplify very weak returned signals so they can 

be provided to the receiver and signal processor at a level enabling desired operational performance 

requirements. Therefore, radar must transmit large amounts of power to reliably detect a target 

located at a given range, R. 

3.2.2.2  Radar spectrum-dependent considerations 

Factors, such as low RF noise levels from natural and man-made sources, minimization of clutter 

effects from weather (e.g., fog, snow, and rain), relative ease of fabrication of transmitters, 

antennas, receivers and signal processors, etc., make the frequency spectrum in and around the 

1 350-1 400 MHz band ideal for air traffic control and other radar that have an operational 

requirement to detect a variety of targets at one-way ranges of several hundred km. Additionally, 

sufficient allocated spectrum is available for compatible operation of large deployments of radar 

that require, e.g., dual channel operation to mitigate target fades and increase the reliability of 

detecting small targets by separating each channel by many tens of megahertz. 
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3.2.3 Levels based on Recommendation ITU-R SM.1541 

Annex 8 of Recommendation ITU-R SM.1541 specifies a generic mask for unwanted emissions for 

primary radars. This is repeated below as a segmented relationship. The dependent variable F is the 

frequency offset from band centre as a percent of the 40 dB bandwidth of the radar, as illustrated 

in Fig. 3-4. 

 F : frequency offset from band centre as a per cent of the – 40 dB bandwidth of the 

radar. 

 dBpp : decibels relative to the maximum value of the peak power, measured with the 

reference bandwidth within the occupied bandwidth. 

The unwanted emission power within a reference bandwidth is given by the subtraction of the 

attenuation for unwanted emission power (dBpp) to the in-band peak power given in the same 

reference bandwidth. 

 

3.2.4 Transmitter characteristics 

The transmitter characteristics are described in Table 3-3. This Table has been extracted from 

Recommendation ITU-R M.1463. 

3.2.5 Operational characteristics 

The set of radar characteristics that are taken into account in this compatibility analysis are derived 

from Recommendation ITU-R M.1463  Characteristics of and protection criteria for radars 

operating in the radiodetermination service in the frequency band 1 215-1 400 MHz. 

See Table 3-3. 

3.2.6 In-band transmit level 

See Table 3-3. 



44 Rep.  ITU-R  SM.2092-0 

TABLE 3-3  

1 215-1 400 MHz radiodetermination system characteristics* 

Ref. Parameter System 1 System 2 System 3 System 4 

(a) Peak power into 

antenna (dBm) 

97 80 76.5 80 

(b) Pulse duration (s) 2 88.8; 58.8 (1) 0.4; 102.4; 

409.6 (2) 

39 single 

frequency 

26 and 13 dual 

frequency (3) 

(c) Pulse repetition rate (pps) 310-380 

staggered 

291.5 or 312.5 

average 

200-272 long 

range 

400-554 short 

range 

774 average 

(d) Chirp bandwidth for frequency 

modulated (chirped) pulses 

Not applicable 770 kHz for 

both pulse 

widths 

2.5 MHz for 

102.4 s 

625 kHz for  

409.6 s 

Not applicable 

(e) Phase-coded sub-pulse width 

(s) 

Not applicable 1 

(f) Compression ratio Not applicable 68.3:1 and 

45.2:1 

256:1 for both 

pulses 

 

(g) RF emission bandwidth (3 dB) 

(MHz) 

0.5 1.09 2.2; 

2.3; 

0.58 

1 

(h) Output device Klystron Transistor Cross field 

amplifier 

(i) Antenna type Horn-fed 

reflector 

Stack beam 

reflector 

Rotating phased 

array 

Parabolic 

cylinder 

(j) Antenna polarization Horizontal, 

vertical, 

LHCP, RHCP 

Vertical, 

circular 

Horizontal Vertical 

(k) Antenna maximum 

gain (dBi) 

34.5, transmit 

33.5, receive 

32.4-34.2, 

transmit 

31.7-38.9, 

receive 

38.9, transmit 

38.2, receive 

32.5 

(l) Antenna elevation beamwidth 

(degrees) 

3.6 shaped to 44 3.63-5.61, 

transmit 

2.02-8.79, 

receive 

1.3 4.5 shaped to 40 

(m) Antenna azimuthal beamwidth 

(degrees) 

1.2 1.4 3.2 3.0 

(n) Antenna horizontal scan 

characteristics 
360 

mechanical at 5 

r.p.m. 

360 

mechanical at 

6 r.p.m. for long 

range and 12 

r.p.m. for short 

range 

360 

mechanical at 

6, 12 or 15 

r.p.m. 

 

(o) Antenna vertical scan 

characteristics 

Not applicable –7 to 30

in 12.8 or 

13.7 ms 

–1 to 19 

in 73.5 ms 

Not applicable 
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TABLE 3-3 (end) 

Ref. Parameter System 1 System 2 System 3 System 4 

(p) Receiver IF bandwidth 780 kHz 0.69 MHz 4.4 to 6.4 MHz 1.2 MHz 

(q) Receiver noise figure (dB) 2 4.7 3.5  

(r) Platform type Fixed Transportable   

(s) Percentage of time 

system operates (%) 

100    

*   When this text was revised, Recommendation ITU-R M.1463 was also being revised. Characteristics of 3 

additional systems were provided for consideration. It is not expected that these systems will change the 

conclusions mentioned in this text. 

LHCP: left hand circular polarization. 

RHCP: right hand circular polarization. 

(1)   The radar has 44 RF channel pairs with one of 44 RF channel pairs selected in normal mode. The 

transmitted waveform consists of an 88.8 s pulse at frequency f1 followed by a 58.8 s pulse at frequency 

f2. Separation of f1 and f2 is 82.854 MHz. 

(2)   The radar has 20 RF channels in 8.96 MHz increments. The transmitted waveform group consists of one 

0.4 s P0 pulse (optional) which is followed by one 102.4 s linear frequency modulated pulse (if 0.4 s P0 

is not transmitted) of 2.5 MHz chirp which may be followed by one to four long range 409.6 s linear 

frequency modulated pulses each chirped 625 kHz and transmitted on different carriers separated by 

3.75 MHz. Normal mode of operation employs frequency agility whereby the individual frequencies of 

each waveform group are selected in a pseudo-random manner from one of the possible 20 RF channels 

within the 1 215-1 400 MHz band. 

(3)   The radar has the capability of operating single frequency or dual frequency. Dual RF channels are 

separated by 60 MHz. The single channel mode uses the 39 s pulse width. In the dual channel mode, the 

26 s pulse is transmitted at frequency f, followed by the 13 s pulse transmitted at f + 60 MHz. 

3.3 Compatibility threshold 

The passive service interference threshold from Recommendation ITU-R RS.1029 is –174 dBW in 

27 MHz for sensors operating near 1 400 MHz. 

Interference is potentially received from several sources from multiple services simultaneously. The 

criteria listed in Recommendation ITU-R RS.1029 (for a specific band) is the maximum permissible 

interference for the passive sensor from all sources. 

3.4 Interference assessment 

3.4.1 Methodology used to assess interference level 

The first step is to analyse the co-channel interference case, which is not representative of reality 

since EESS and radiolocation do not share the same band. From this, the required attenuation is 

found to satisfy the EESS (passive) protection criteria. The second step is to calculate the 

attenuation when the EESS (passive) band is falling just outside the – 40 dB bandwidth of the radar. 
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TABLE 3-4 

Analysis methodology 

Analysis 

A 

B C 
A1 A2 A3 

Static 
Semi- 

dynamic 
Dynamic Static Dynamic 

Reference 

radar system 

See Table 3-3 

(also in RR and Recommendation ITU-R 

M.1463) 

See Table 3-10 See Table 3-13 

Deployment Single Single Actual deployment 
 

 

3.4.2 Calculation of interference level 

3.4.2.1 Unwanted emission masks 

Spectral representations based on Fourier analysis are used here in order to give a more accurate 

estimation of the unwanted emission power falling into the passive band. Comparisons between the 

two methods (based on Recommendation ITU-R SM.1541 and one based on Fourier analysis) will 

be given. Measurement data has shown that the theoretical spectra are very close to the actual 

measurements using the same parameters. 

For System 1 some references are shown in the figures of Table 3-5, between 50-500% of B–40 (the 

other 50% of B–40 is located on the negative frequency axis which is not shown here) the mask and 

the maximum values of the radar spectrum agree with different pulse rise- and fall-times. 

These figures clearly show the roll-off of 20 dB per decade and maximum values of the radar 

spectrum match the mask between 50 to 500% of B–40. 

Since a perfectly rectangular pulse does not exist in practice, pulse rise- and fall-times for radar 

systems need to be used in order to characterize the radar spectrum. Shorter pulse rise- and fall-

times produce wider spectra and thus result in a slower roll-off of the radar spectrum.  

The masks at 50% of the –40 dB bandwidth (B–40) agree well with the radar spectra, but both 

spectra roll off with 40 dB per decade from 50% of B–40. At 500% of B–40, the difference between 

the mask and the simulated spectra is around 20 dB. 

Table 3-5 reflects the necessary and –40 dB bandwidths for System 1 (according to 

Recommendation ITU-R SM.1541) for the investigated pulse rise times. 
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TABLE 3-5 

Necessary bandwidth and –40 dB bandwidth for System 1 for different pulse rise times 

 

Emission spectra have been generated also for System 2. These are shown in the figures of the 

Table 3-6. As System 2 is a linear frequency modulated (chirped) radar system, the simulation takes 

this into account. Two specific cases are presented showing the radar spectrum for a 58.8 s pulse 

length and a 88.8 s pulse length. The chirp bandwidth is 770 kHz for both pulse lengths. 

For both figures the mask largely overestimates the simulated spectra and at 50% of the –40 dB 

bandwidth, maximum values of the radar spectra do not correspond to the same point as the mask 

(as was the case with the unmodulated radar signal spectra). 

Table 3-6 reflects the necessary bandwidth and –40 dB bandwidth for System 2 (according to 

Recommendation ITU-R SM.1541) for the investigated pulse lengths. 
 

TABLE 3-6 

Necessary bandwidth and –40 dB bandwidth for System 2 

 



48 Rep.  ITU-R  SM.2092-0 

3.4.2.2 Radar unwanted emission power into passive band 

3.4.2.2.1 Analysis A: Use of calculated masks and spectra 

From the developed masks and spectra, the radar signal attenuation is known compared to the 

in-band situation. Since also the peak power into the antenna is given, estimations can be made on 

the amount of power falling into the passive band 1 400-1 427 MHz in order to arrive to the 

unwanted emission power at the radar antenna port. This may form the basis for a compatibility 

analysis. 

The assumption that the start of the passive band (i.e. 1 400 MHz) is located at the offset frequency 

corresponding to the mask’s –40 dB attenuation point, which is 50% of B–40, is used.  

For the two different methods, i.e. the envelope mask from Recommendation ITU-R SM.1541 and 

the “spectrum” method, averaged attenuation levels relative to the maximum value of the peak 

power and the total unwanted emission power in the passive band 1 400-1 427 MHz from radar 

System 1 and 2 have been calculated. Results are shown in Table 3-7 and Table 3-8 for System 1 

and System 2, respectively. System 1 has been differentiated for different pulse rise times (0, 50 and 

100 ns), whereas System 2 has been simulated for the 2 different pulse lengths (58.8 and 88.8 s). 

The power in passive band is determined applying the following equations: 
 

     refdBppdBpk BPABP log10log10 3    

where: 

 Ppk: peak power into antenna (dBm), e.g. ref (a) in the Table 3-3 

 B–3dB RF emission bandwidth (MHz), e.g. ref (g) in the Table 3-3 

 AdBpp: average attenuation level within the passive band (dBpp) 

 P: unwanted emission power in the passive band 

 Bref : passive band (27 MHz). 

TABLE 3-7 

Unwanted emission power levels into passive band for the 2 different methods 

System 1 

Attenuation 

Recommendation 

ITU-R SM.1541 

Power in passive band 

Recommendation 

ITU-R SM.1541 

Attenuation 

Spectrum 

Power in 

passive band 

Spectrum 

tr = tf = 0 –44.4 dBpp 39.9 dBW –46.9 dBpp 37.1 dBW 

tr = tf = 50 ns –45.8 dBpp 38.5 dBW –52.8 dBpp 31.3 dBW 

tr = tf = 100 ns –47.0 dBpp 37.3 dBW –57.0 dBpp 27.1 dBW 
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The peak instantaneous power at the band edge on the assumption that the radar centre frequency 

has been selected so that the –40 dB point falls on that band edge will be 27 dBW. The 

instantaneous power at any point beyond the band edge will be given by the following formula: 

TABLE 3-8 

Unwanted emission power levels into passive band for the 2 different methods 

System 2 

Attenuation 

Recommendation 

ITU-R SM.1541 

Power in passive band 

Recommendation 

ITU-R SM.1541 

Attenuation 

Spectrum 

Power in 

passive band 

Spectrum 

58.8 s –48.4 dBpp 15.6 dBW –58.0 dBpp 8.8 dBW 

88.8 s –48.7 dBpp 15.3 dBW –59.1 dBpp 7.7 dBW 

 

For System 1, the 2 methods differ in a range from around 3 dB (tr = 0) to over 10 dB (tr = 100 ns) 

for a situation where the passive band starts at 50% of B–40. For System 2, differences in power 

level are around 7 dB. For a larger offset from the radar centre frequency the differences in power 

levels will drastically grow (as has been shown in the figures).  

3.4.2.2.2 Analysis B: Use of measured unwanted emission maximum and minimum values 

The United States of America fixed 1 215-1 400 MHz radar inventory includes radar with technical 

parameters similar to Radar systems 1-4 listed in Table 3-3. In general, the radars are deployed 

along and within the borders of the continental United States of America, Alaska and Puerto Rico to 

provide reliable radar coverage. 

Table 3-9 provides assumed relevant technical parameters for United States of America radar 

similar to radar 1-4. 

TABLE 3-9  

Relevant parameters of representative United States of America 1 215-1 400 MHz 

radar similar to radar 1-4 

Radar 

system 

Maximum 

frequency 

(MHz) 

Emission attenuation  

1 400-1 427 MHz (relative to peak) 

Emission attenuation 

1 400-1 427 MHz 

(Ref: 27 MHz bandwidth) 

Max Min Avg Max Min Avg 

1 1 350 –120 –90(1) –98.5 –100.5 –70.5 –79 

2 1 400 –89 –55(2) 64.5 –74.7 –40.7 –50.2 

3 1 400 –40 –25(2) –30.7 –25.7 –10.7 –16.4 

4 1 350 –65 –50(2) –55.7 –50.7 –35.7 –41.4 

(1) Measured in a 300 kHz bandwidth. 

(2) Measured in a 1 MHz bandwidth. 
 

Table 3-9 also provides measured levels of the attenuation of each United States of America radar’s 

spurious emissions in the 1 400-1 427 MHz frequency band with respect to the radar’s peak 

emission level. This data is valid at the radar’s highest possible frequency, i.e., the frequency that is 

closest to 1 400 MHz. As shown, the reference measurement bandwidth for each radar differed. For 
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example, the reference measurement bandwidth for the United States of America radar similar to 

Radar 1 was 300 kHz and the reference bandwidth for Radar 2 and Radar 3 was 1 MHz. 

Previous analyses converted the –174 dB(W/27 MHz) threshold criterion to a constant value for the 

1 400-1 427 MHz frequency band of –174 dBW. Similarly, each measured spurious attenuation 

value was also converted to a 27 MHz bandwidth by adding an appropriate correction factor. 

  















refBW

MHz27
log10factorCorrection  

Therefore, a correction factor of 19.5 dB was added to the maximum and minimum attenuation 

values for Radar 1 and 14.3 dB was added to the values for Radar 2 and Radar 3 to obtain the final 

two columns in Table 3-8.  

3.4.2.2.3 Measured data  

3.4.2.2.3.1 1 215-1 400 MHz radar bandwidth and unwanted emission spectra 

One administration has made available the measured, radiated emission spectra of a type of radar 

that operate between 1 215-1 400 MHz. Figures 3-5 and 3-6 show the radiated spectrum of this 

fixed-tuned radar in this band. Dozens of radars of this type are currently in use by at least one 

administration. Figure 3-5 shows the spectrum across a wide frequency range, 1 200-4 600 MHz, 

while Fig. 3-6 shows details of the identical radar emission spectrum between 1 200-1 400 MHz. 

The radar uses a crossed-field amplifier (CFA, also known as an amplitron) as a final output stage. 

Due to the technical characteristics of the amplitron, the radar’s unwanted emissions extend at a 

measurable level across a frequency range of several Gigahertz, as shown in Fig. 3-5. In order to 

achieve better compatibility with adjacent-band systems, an output filter has been installed on the 

radar transmitter. The effect of the filter is seen as a rejection of output level between 

1 400-1 800 MHz in Fig. 3-5. As shown in Fig. 3-5, at frequencies above 1 800 MHz the filter does 

not reject the radar signal and the radar emissions are observed between 1 800-4 600 MHz. In 

Fig. 3-6, the effect of the filter is seen in detail between 1 200-1 400 MHz. The high emission levels 

of the CFA are reduced at roll-off frequencies of about 1 235 MHz and 1 375 MHz. But due to the 

wideband nature of the CFA emissions, between the roll-off frequencies of the filter, the radar 

emission levels will not be affected by the particular frequency to which the radar happens to be 

tuned. Thus re-tuning of the fundamental frequency of this type of output-filtered radar transmitter 

will not result in lower emission levels in the part of the spectrum used by radiometer instruments 

between 1 400-1 430 MHz. 
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FIGURE 3-5 

Measured radiated spectrum of a single channel radar with output 

filtering between 1 200-4 600 MHz 

 

FIGURE 3-6 

Detail of the spectrum of Fig. 3-5 between 1 200-1 400 MHz,  

showing the effect of the radar output filter and  

the independence of the emission roll-offs  

from the tuned frequency of the radar 

 

 

3.4.2.2.3.2 Frequency-agile distributed-array radar  

Some types of radar, such radar System 3 in Recommendation ITU-R M.1463, operate with 

frequency agility across the entire frequency range of 1 215-1 400 MHz. They require the entire 

frequency range for their operations, and therefore there is no available option to “re-tune” them. 

They use distributed arrays of hundreds of active power elements (embedded within their antenna 

structures) to generate their output power, and thus it will not be practical to equip them with new 

or additional filtering. Examples of the emission of such radar are shown in Fig. 3-5 and Fig. 3-6. 
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Due to all of these factors, it may not be feasible to reduce the emission levels of these radars in the 

range 1 400-1 430 MHz. 

FIGURE 3-7 

Radiated 1 350-1 700 MHz emission  

spectrum of frequency agile example  

Radar 2  

 

However, the spectrum roll-off for 1 215-1 400 MHz radar unwanted emissions may not 

monotonically decrease across the 1 400-1 427 MHz frequency band, e.g., as shown in Figs. 3-5 

and 3-6. At a minimum, any linear interpolation should be based on a best-fit linear approximation 

of the portion of the unwanted emission spectrum over which the integration is performed. 

3.4.2.3 Values achieved 

3.4.2.3.1 Analysis A 

In this section, the calculated power levels in the passive band will be used in compatibility 

analyses. Two passive sensors are considered, namely SMOS and HYDROS. Hereafter, static, 

semi-dynamic and dynamic cases will be investigated.  
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A1 – Static analysis: 

Table 3-10 reflects the results using a radar antenna gain of 0 dBi. 

TABLE 3-10 

Compatibility analysis with radar (radar antenna gain = 0 dBi) 

 System 1/50 ns System 2/58.8 s System 2/88.8 s 

Power in passive band (dBW) 31.3 8.8 7.7 

Duty cycle allowance (dB) –31.2 –17.7 –15.9 

Free space loss SMOS/HYDROS (dB) 152.9 154.4 152.9 154.4 152.9 154.4 

Sensor ant gain SMOS/HYDROS (dBi) 9 35 9 35 9 35 

Interference threshold (dBW) –174 –174 –174 

Discrepancy (dB) 30.2 54.7 21.2 45.7 21.9 46.4 

Unwanted emission power limit in the 

passive band (dBW) 
–30.1 –54.6 –30.1 –54.6 –30.1 –54.6 

 

The values of free space loss shown in Table 3-10 are valid when the satellite is directly overhead 

of the radar where the slant range is lowest. The value of free space path loss at 1 400 MHz for a 

satellite with an orbital height of 757 km is 165.4 dB for a radar elevation angle of 0° due to the 

increased slant range. Paragraph 3.2 provides formulas to determine the total additional path 

attenuation caused by the atmosphere for earth-to-space paths. 

As can be seen in Table 3-10, power levels in the passive band reach levels that are largely above 

the interference criterion of –174 dB(W/27 MHz) with discrepancy values ranging from 21.2 to 

54.7 dB for a passive satellite directly above a radar. The main reason for this apparent 

incompatibility is the high peak power of the radar systems as well as the very close proximity of 

the radar channel’s centre frequency to the passive band.  

The difference between the values achieved for the two EESS (passive) instruments can be 

explained by the different maximum antenna gains. However, the antenna characteristics of the two 

sensors counteract each other in the dynamic interference analysis. For instance SMOS, since it has 

a larger antenna swath (but lower antenna gain), the likelihood of being interfered at a given 

instance is higher although the lower gain results in a decreased interference threshold exceedance 

in comparison to HYDROS. 

A2 – Semi dynamic analysis: 

For the semi-dynamic analysis, results are shown in Figs. 3-8 and 3-9 depicting the discrepancies in 

dB with respect to Recommendation ITU-R RS.1029-2.  

During this half-overpass (a full overpass would result in an added mirror image) lasting 473 s 

(nearly eight minutes), the received interference power is always above the interference threshold 

from Recommendation ITU-R RS.1029-2 (–174 dB(W/27 MHz)) for the two analyzed cases. 

Two antenna patterns are considered, one omnidirectional with 0 dBi antenna gain, the other one 

based on Recommendation ITU-R F.1245. 
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FIGURE 3-8  FIGURE 3-9 

Analysis for System 1 (2s unmodulated pulse)  Analysis for System 2 (88.8 s unmodulated pulse) 

 

FIGURE 3-10 

Frequency hopping results for System 1 (blue solid curve)  

and System 2 (red broken line) 

 

A3 – Dynamic analysis: 

The level of interference is now estimated through computer simulations, using dynamic modelling 

or Monte Carlo techniques, to develop an estimated statistical distribution of the interference levels 

produced by a representative use of the different kind of radars for comparison with the protection 

requirements specified in § 3.1.3 above in terms of the percentage of measurement area for which 

the interference threshold interference power level is exceeded. 
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The proposed methodology consists in calculating aggregate interference with a power within the 

passive band supplied to the antenna equal to 0 dBW. As a consequence, the gap between 

interference value seen by the passive sensor for 0.1% of the time and the threshold (–174 dBW 

within the passive band) will stand for the maximum allowable emitted power for the radar within 1 

400-1 427 MHz. A radar whose characteristics are given in Table 3-3 is placed at the centre of this 

measurement area. The scanning effect of the radar both vertical and horizontal is simulated. A 

random initial phase is chosen for each run of the simulation since the EESS flying path and the 

radar are not synchronous. 

For each of this scenario, ten runs are considered. The different CDF are then plotted (see Figs. 3-11 

to 3-15) for each of the four radars considering either SMOS or HYDROS sensor. Finally, the 

average CDF is also plotted in magenta. The allowable unwanted emission power level within the 

passive band is then given by the difference between –174 dBW and the crossing point between this 

curve and the threshold of 0.1% 

FIGURE 3-11 

SMOS and HYDROS measurement area 
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The results are then given in Figs. 3-12 to 3-15.  

 

FIGURE 3-12 

Simulation results for the radar type 1 (SMOS on the left side, HYDROS on the right side) 

 

FIGURE 3-13 

Simulation results for the radar type 2 (SMOS on the left side, HYDROS on the right side) 
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FIGURE 3-14 

Simulation results for the radar type 3 (SMOS on the left side, HYDROS on the right side) 

 

FIGURE 3-15 

Simulation results for the radar type 4 (SMOS on the left side, HYDROS on the right side) 

 

TABLE 3-11 

Synthesis of results for the dynamic analysis 

Radar 

Power limit  

(dB(W/27 MHz)) for the 

SMOS sensor 

Power limit  

(dB(W/27 MHz)) for the 

HYDROS sensor 

1 –40.5 –35.2 

2 –40 –37.4 

3 –43 –40 

4 –37.3 –33.4 
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These simulations show that the allowable interference level within the passive band is 

about–40 dBW/27MHz , which means 10 dB below the proposed level (–29 dB(W/27 MHz)).  

These results show that the CDF distributions function of the interference present some great 

variations on its value for the lowest percentage of time. This could be explained by the evolution of 

the radar antenna gain during the simulation. It appears that the average antenna gain is below 0 dBi 

(e.g. about –9 dBi) except from some particular situations when the EESS passive satellite crosses 

the main beam of the radar. In that case, a particular high level of interference is taken into account 

within the CDF which leads to the highest value. It is highly dependent of the probability that such 

an event occurs. This is highlighted by the random initial phase which gives different pointing 

angles of the radar for the different runs of the simulation. In particular, the CDF function is well 

below the average one if the EESS passive sensors do not cross the main beam of the radar (the 

leftmost plot on each figure). 

Finally, this dynamic analysis is intended to show that the interference level is mostly given by the 

situation in which the EESS satellite is crossing the main beam of the radar. For all simulation runs 

where the EESS passive sensor does not cross the main beam of the radar, the radar antenna gain 

remains quite constant around –9 dBi and confirm the assumption of the static analysis to consider a 

0 dBi antenna gain. In that case, the unwanted emission levels in the Table 3-10 of the static 

analysis could be relaxed taken into account this new average value. On the contrary, this 

assumption is not relevant if the EESS passive sensor crosses the main beam of the radar. It leads to 

an additional emission gain in the budget link close to the maximum antenna gain (up to 35 dBi). It 

leads to an enforced limit since the discrepancy will improve drastically. 

Mitigation techniques and conclusion of Analysis A: 

In line with the task of finding commonly accepted solutions that go in the direction of protecting 

the passive services from unwanted emissions without putting undue burden on the active services, 

it is proposed to consider two mitigation elements.  

a) The first mitigation factor proposed in the semi dynamic analysis takes into account the fact 

that a typical radiolocation system is rotating around the vertical axis. Therefore, instead of 

considering the full radar pattern as a static element (blue lines in Figs. 3-8 and 3-9), one 

could consider the rotating system as presenting an average 0 dBi gain towards the satellite 

(red lines in Figs. 3-8 and 3-9). This is clearly an oversimplification, but goes in the 

direction of finding an acceptable compromise solution to the problem. The dynamic 

analysis confirm this aspect since the average antenna gain from the radar towards the 

EESS passive sensor is close to –9 dB from some typical maximum antenna gain higher 

than 30 dBi (see (k) in Table 3-3).  

b) The results in Figs. 3-8 and 3-9 are based on the situation, when the –40 dB bandwidth of 

the active radar channel is just located within the band edge at 1 400 MHz. In reality it can 

be assumed that most radars deployed in the sub-band 1 350-1 400 MHz are frequency 

hopping radars and depending on their “hopping strategy” may not have the full pulse 

repetition frequency (prf) utilized in the last channel available to the radar which is closest 

to the passive band. Depending on the number of channels available for the radar, the 

resulting average power in the passive band could be reduced by a certain factor. For 

example, in case of 20 radar channels, the compatibility scenario could become at least 

10 dB more favorable depending on the channel spacing and separation with respect to the 

passive band. Considering the effect of frequency hopping on the average power is 

therefore an important element to improve the compatibility analysis results. 

By using the first mitigation element only, the following is achieved: For System 1, with an average 

power of 0.1 dB(W/27 MHz), this resulted in a discrepancy of 29.0 dB. For System 2, with an 

average power of –8.2 dB(W/27 MHz), this resulted in a discrepancy of 20.7 dB. For both systems, 
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reasonable compatibility would exist if the average unwanted emission power in the passive band 

would not exceed –28.9 dBW. 

If we apply both mitigating factors, the resulting situation is given in Fig. 3-11, due to the very high 

peak powers of the radar systems under investigation, we still have a discrepancy of 19 dB for 

System 1 and 10.7 dB for System 2, but these are far more manageable deficits than the 47 dB that 

would otherwise result from the static analysis.  

With some limited filtering or by avoiding the highest frequencies of the radiolocation band (letting 

the signal decay naturally before reaching the passive band) or by other technical means that reduce 

the average power in the passive band, the unwanted emission power level of –28.9 dB(W/27 MHz) 

could be achieved.  

With this average power level in the passive band, the EESS (passive) sensor would still be 

interfered in case the radar main-lobe would point at the satellite, but the compatibility situation 

would be far more favorable than the current one. 

This study has used the assumption that the –40 dB bandwidth is completely comprised within the 

radiolocation band, which does not need to be valid for all systems. Also, one administration has 

performed detailed measurements on emissions from a number of radar types in the band 

1 350-1 400 MHz, and has measured emission levels from those radars across adjacent bands. These 

measurements have shown that, in compliance with the RR, the radars occupy the necessary 

bandwidth at the band edge of 1 400 MHz. The measured peak emission levels have been found to 

be approximately –20 dB at 1 400 MHz as measured in a bandwidth of 1 MHz, relative to the 

maximum of the fundamental radar emission within the band. The same measurements show that 

a – 40 dB emission level is achieved at frequencies near 1 420 MHz, as measured in a 1 MHz 

bandwidth. However, as an example, information was provided by some Administrations that 

radiolocation systems are allowed to use only the band 1 215-1 375 MHz due to the use of the 

frequency band 1 375-1 400 MHz by other services. 

3.4.2.3.2 Analysis B 

The following tables examine the feasibility of radar systems in Recommendation ITU-R M.1463 to 

comply with the proposed –28.9 dB(W/27 MHz) limit on unwanted emissions in the 

1 400-1 427 MHz band. Caution must be exercised in order to avoid any oversimplifications and 

generalizations of radar operations in the 1 350-1 400 MHz band. 

Table 3-12 examines the ability of radar systems contained in Recommendation ITU-R M.1463 to 

comply with the proposed –28.9 dB(W/27 MHz) limit on unwanted emissions in the 

1 400-1 427 MHz band. The Table includes the minimum spurious attenuation values shown in 

Table 3-9, as well as the two other factors included in this average power level, i.e. a radar antenna 

gain of G = 0 dBi and an additional reduction of 10 dB in the level of radiated spurious emissions 

due an assumption that the radar utilize a “hopping strategy”. 
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TABLE 3-12 

Analysis B determination of the level of average radiated spurious emissions for Recommendation ITU-R M.1463 Radar systems 1-4  

Radar  

system 

No. 

PT 

(dBW) 

Maximum 

spurious 

attenuation 

(dB) 

Minimum 

spurious  

attenuation 

(dB) 

Average 

spurious  

attenuation 

(dB) 

Duty  

cycle 

(dB) 

Frequency 

hopping(2) 

(dB) 

Lowest 

radiated 

unwanted 

emission 

power level 

(dBW) 

Highest 

radiated 

unwanted 

emission 

power level 

(dBW) 

Average 

radiated 

unwanted 

emission 

power level 

(dBW) 

1 67 –100.5 –70.5 –79 –31.2 –10 –74.7 –44.7 –53.2 

2 50 –74.7 –40.7 –50.2 –15.7 –10 –50.4 –16.4 –25.9 

3 46.5 –25.7 –10.7 –16.4 –10.0(1) –10 +0.8 +15.8 +10.1 

4 50 –50.7 –35.7 –41.4 –15.2 –10 –25.9 –10.9 –16.6 

(1) Maximum value, the radar can be operated in different modes (see Table 3-3). 

(2) It should be noted that not all of the radar systems use frequency hopping and this attenuation factor may not apply. 
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Assuming the maximum value of emission attenuation for each radar yields the result that all of the 

radar will either meet, or come close to meeting, the proposed maximum value for the level of 

allowable radiated unwanted emissions in the 1 400-1 427 MHz frequency band 

However, under the assumption that the radar emissions are only minimally attenuated, then only 

radar system 1 meets the proposed maximum limit for radiated unwanted emissions in the 

1 400-1 427 MHz band. It is mainly due to the maximum implemented frequency for this system 

(1350 MHz). The other radar systems would require from 9.5 to 41.7 dB of additional attenuation of 

their unwanted emissions to comply with the suggested maximum average value of –28.9 dBW for 

radiated unwanted emissions. 

Under both the minimum and maximum attenuation assumptions, Radar 3, most typical of radar 

that use advanced modulation techniques, has the highest levels of unwanted emissions. 

Nevertheless, one has to note that the whole passive band is included within the B-40 bandwidth 

since the maximum attenuation is 40 dBpp. This is not consistent with the premise that the EESS 

(passive) band is falling just outside the – 40 dB bandwidth of the radar and could explain this 

incompatibility. 

Also, the attenuation due to the frequency hopping or duty cycle characteristics may be higher for 

this specific system, thus potentially reducing the incompatibility. 

Finally, the 4th result can be largely explained due to the use of a CFA which is known for its high 

unwanted emissions behavior. It is unlikely that this technology will be implemented for future 

systems in this band.  

3.4.2.3.3 Analysis C 

A dynamic analysis was performed to assess the impact of unwanted emissions from the 

Radiodetermination Radars in the 1 215-1 400 MHz band to the passive sensors within the 

1 400-1 427 MHz band. A commercial simulation program was used to perform the dynamic model 

simulations for developing the time domain impact of radar interference on the measurements being 

taken by a passive sensor as it passes over an area of densely deployed radiolocation stations for 

four scenarios. 

A database of authorized radar systems in North America, Alaska, and Puerto Rico in the 

1 215-1 400 MHz band was used to develop this simulation model. The radar parameters used for 

this analysis are given in Table 3-13. 

TABLE 3-13 

Radiodetermination radar parameters in the 1 215-1 400 MHz band 

Parameter/radar Radar A Radar B Radar C Radar D Radar E Radar F 

Minimum frequency 

(MHz) 

1231 1250 1215 1215 1221 1231 

Maximum frequency 

(MHz) 

1383 1350 1340 1390 1309 1383 

Average Tx power 

(dBW) 

36.021 34.914 35.19 33.6 30 26.232 

Antenna peak gain 

(dB) 

39.1 34 33.5 35 34 30.9 

Elevation BW, 3 dB 

(degrees) 

2.2 5. 4.5 2 4.5 4.5 
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TABLE 3-13 (end) 

Parameter/radar Radar A Radar B Radar C Radar D Radar E Radar F 

Azimuth BW, 3 dB 

(degrees) 

2.1 1.2 1.1 1.4 2.5 4.5 

Rotation rate 

(degrees/s) 

30 36 30 30 30 60 

Antenna used Recommen-

dation ITU-R 

F.1245-1 

Recommen-

dation ITU-R 

F.1245-1 

Recommen-

dation ITU-R 

F.1245-1 

Recommen-

dation ITU-R 

F.1245-1 

Recommen-

dation ITU-R 

F.1245-1 

Recommen-

dation ITU-R 

F.1245-1 

 

However, it is to be noted that the dynamic analysis did not take into account deployment of 

systems that are not precluded in operating up to the radiolocation band edge of 1400 MHz.  

Similar to many 1 215-1 400 MHz air traffic control radar, US ATC radar have a (cosecant)2 – type 

of antenna pattern, which radiates most of the energy upward from several degrees above the 

horizon to near about 40°. 

The analysis modelled one antenna for each radar. Frequency hopping and non-frequency hopping 

radars were also taken into consideration. For non-frequency hopping radars, random fixed 

frequencies were uniformly selected across the allocated frequency band. Frequency hopping 

techniques were employed for identified frequency hopping radars.  

The analysis included a frequency dependent rejection (FDR) factor to determine the amount of 

attenuation offered by a receiver to a transmitted signal bases on assumed characteristics of the 

radar spectrum and passive sensor receiver. For this analysis, FDR utilized the Radar Spectrum 

Engineering Criteria (RSEC) emissions mask specified in Chapter 5 of the NTIA Manual of 

Regulations and Procedures for Federal Radio Frequency Management 

(http://www.ntia.doc.gov/osmhome/redbook/redbook.html) for each radar. This emission mask is 

illustrated in Fig. 3-16. This mask is more restrictive than limits specified in RR Appendix 3. 

Application of RR Appendix 3 limits to a similar analysis, which could be used to assess global 

compatibility between EESS (passive) and radiolocation, may give different results, but would not 

affect the conclusions of this document. 

http://www.ntia.doc.gov/osmhome/redbook/redbook.html
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FIGURE 3-16 

Radar emission bandwidth and emission levels 

 

Note: The roll-off slope, S, from the –40 dB to –X dB points is at 20 dB per 

decade for Criteria B and C, and 40 to 80 dB per decade for Criteria D. The 

maximum emission spectrum level between the –40 dB and –X dB points 

for S dB per decade slope is described by the formula: 
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 F: frequency at which suppression is calculated  
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Note: Criteria B, C and D in this figure relate to different categories of 

radar systems. All of the radar systems considered in this analysis fall into 

Criteria C, which is an emission mask for radars with certain 

characteristics. 

Simulations were performed based on 4 dynamic analysis scenarios as illustrated in Figs. 3-17 

and 3-18. Dynamic simulation scenarios 1 and 2 are analyzed when the HYDROS satellite path is 

over west and east of North America. Dynamic simulation scenarios 3 and 4 are defined when the 

Aquarius satellite path is over the west and east coast of United States of America.  
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FIGURE 3-17 

Simulation Scenarios 1 and 2 – HYDROS West and East North America models 

 

FIGURE 3-18 

Simulation Scenarios 3 and 4 – Aquarius West and East coast analysis models 
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For each of the simulation scenarios illustrated in Figs. 3-19 and 3-20, a simulation was run to 

produce the time domain and CDF corresponding to different satellite paths for HYDROS and 

Aquarius with a 10 ms step size. Time domain plots are shown for a portion of the satellite path 

while the CDF plots are shown for the entire satellite path. The time domain and CDF plots are 

presented in Figs. 3-21 through 3-26.  

FIGURE 3-19 

Simulation Scenario 1 – HYDROS West North America  

analysis model interference time domain 

 

FIGURE 3-20  

Simulation Scenario 1 – HYDROS West North America  

analysis model interference CDF 
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FIGURE 3-21 

Simulation Scenario 2 – HYDROS East North America  

analysis model interference time domain 

 

FIGURE 3-22  

Simulation Scenario 2 – HYDROS East North America  

analysis model interference CDF 
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FIGURE 3-23 

Simulation Scenario 3 – Aquarius West coast analysis model interference time domain 

 

FIGURE 3-24  

Simulation Scenario 3 – Aquarius West coast analysis model interference CDF 
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FIGURE 3-25 

Simulation Scenario 4 – Aquarius East coast analysis model interference time domain 

 

FIGURE 3-26 

Simulation Scenario 4 – Aquarius East coast analysis model interference CDF 

 

Results of the interference levels illustrated in Figs. 3-19, 3-21, 3-23, and 3-25 show that the level 

of radiodetermination service unwanted emissions received by the passive sensors in the 

1 400-1 427 MHz exceed the permissible interference threshold of –174 dB(W/27 MHz) for less 

than 1% of time for the HYDROS mission and less than 0.1% for the Aquarius mission for the 

small period of times during a simulated pass.  

3.4.2.3.4 Synthesis of analyses 

The apparent difference in the results between the full dynamic analysis and the analyses contained 

in § 3.4.2.3.1 are explained with the following factors:  

1 The radars analyzed in § 3.4.2.3.1 are those listed in Recommendation ITU-R M.1463 

whereas the radars in § 3.4.2.3.2 are typical radar parameters for systems in North America. 
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The system parameters appear quite similar, but required information used in the analyses 

such as the emission bandwidth and the pulse modulation have been omitted from 

Table 3-13. 

2 The maximum operating frequency for each of the systems is indicated in Table 3-13. 

Depending on the pulse modulation and the emission bandwidth, one can assume that for 

most systems the B–40 (dB) bandwidth will be well within the radiolocation allocation. The 

main assumption used in the analysis in § 3.4.2.3.1 is to start from the point where the B–40 

(dB) bandwidth edge is directly adjacent to 1 400 MHz.  

A semi-dynamic analysis has been done based on the characteristics of HYDROS and a radar 

system with an average power in the passive band of 0 dB(W/27 MHz) (System 1 with the B–40 (dB) 

bandwidth edge is directly adjacent to 1 400 MHz). The magnitude of the interference peaks of this 

analysis should correspond with the peaks of the full dynamic analyses as presented in § 3.4.2.3.2 in 

the case of similar radar system characteristics (the peaks correspond to a worst-case single-system 

main-to-side lobe, and vice versa, interference level). The difference between the analyses is thus a 

direct indicator of the unwanted emission power in the passive band for these systems. 

FIGURE 3-27 

Semi-dynamic analysis for a worst-case geometry  

for half an overpass for HYDROS  

 

Figure 3-27 presents two peaks, one arriving from the radar mainlobe to EESS (passive) sidelobe at 

low elevation representing a maximum of ~37 dB above the interference threshold and one arriving 

from the radar sidelobe to EESS (passive) mainlobe with a maximum of ~47 dB. In terms of 

interference level received by the EES (passive) sensor, this would correspond to values of 

–137 dBW and –127 dBW, respectively. The peak values for HYDROS in the analyses presented in 

Figs. 3-20 and 3-22 are around –147 dBW. It can thus be concluded that the system with the worst 

unwanted emission performance presented in the dynamic analyses achieves an average unwanted 

emission power better than –20 dB(W/27 MHz). 

Most likely, the full dynamic analysis represents a valid scenario for the majority of the existing 

systems (mainly ATC radars) that are not likely to cause harmful interference to the EESS 
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(passive). While the majority of these systems may already meet the proposed level of 

–28.9 dB(W/27 MHz), this would not protect the EESS (passive) band since a single system with 

parameters as analysed in § 3.4.2.3.1 can cause interference during the entire overpass of the 

satellite. Therefore, the availability criterion will be largely exceeded when a number of these 

systems would be present, corresponding to a ~20 dB shift of the simulation scenario as presented 

in Fig. 3-21. 

3.5 Mitigation techniques 

3.5.1 EESS (passive) 

Due to the limited bandwidth in the allocated band of 27 MHz, no mitigation technique such as an 

effective guardband can be utilized for the EESS (passive) band. 

3.5.2 Radiolocation service 

Mitigation techniques for systems that are currently in use may be viewed from a practical, as well 

as theoretical point of view.  

Consideration of theoretical mitigation techniques to be applied to modern radar must account for 

the inherent disadvantages and burdens on operations that radar must cope with, especially when 

compared to other radio services. For example, the desired radar received energy must travel from 

the radar to the target and back again experiencing a round trip attenuation that follows at best a R4 

path loss attenuation law; the energy reflected from a given target is a small fraction of the energy 

incident on the target; the large detection distances, required by radar operational requirements, in 

many cases on the order of hundreds of kilometres, make radar vulnerable to weather and other 

atmospheric effects; diversity techniques requiring centre frequency separations of up to almost 

90 MHz may be necessary for reliable target detection; many radar must operate in environments 

where deliberate interference can be envisioned; electronically steered antennas may require 

thousands of individual integrated modules to achieve sufficiently high gain and narrow 

beamwidths for the intended mission at the required performance levels, etc. 

It is noted that radar using phased array technologies, e.g. System 3, can incorporate thousands of 

individual transmit/receive modules into their antennas instead of a single high power amplifier or 

oscillator. The small size and layout of these modules makes insertion of additional components to, 

e.g., filter the output emission spectrum, challenging. 

A possibility to avoid or minimize emissions in the upper part of the spectrum 

(i.e. 1 375-1 400 MHz as is already the case within some administrations) could resolve the 

discrepancy for narrow band, single channel radars. For these administrations, it is likely that the 

compatibility analysis would result in a positive scenario when the closest radar channel with 

respect to the existing edge of the passive band has a frequency separation of approximately 2 to 

2.5 times the – 40 dB bandwidth of the radiolocation systems. 

However, there are administrations that require large numbers of 1 215-1 400 MHz radars to 

provide very reliable radionavigation as well as radiolocation services over large geographical areas 

within their borders. For environments where radars must be sited relatively close to each other or 

within line-of-sight, for example, on mountain peaks, to provide greater overall coverage, large 

frequency separations may be required to enable simultaneous operations. In such cases, use of the 

1 375-1 400 MHz portion of the band may be required to achieve compatible radar operations over 

the necessary geographical coverage area, particularly if the 1 215-1 400 MHz band is also shared 

with other active services. 

Many of the radars used in the range 1 215-1 400 MHz are frequency agile and have relatively small 

instantaneous RF emission bandwidths compared to the allocated band. However, these radars may 

require access to all of the 1 215-1 400 MHz band to optimize operational performance. For 
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example, use of the entire allocated frequency range by frequency agile radar is required to avoid 

receiving interference from other spectrum users and to greatly minimize interference effects on 

other co-band spectrum users. Confining frequency agile radar to a bandwidth smaller than the 

allowable spectrum resource would make the radar more susceptible to interference and cause more 

interference from the radar to other spectrum users. This would be a significant impact and burden 

on the radiolocation service.  

Some administrations require that emission spectra be measured in the far field of the antenna at the 

lowest, middle and highest possible tuned frequency. Such measurements account for the intrinsic 

filtering characteristics of waveguide, couplers and rotary joints that are located between the 

transmitter output and the antenna. For radar that can tune up to or close to 1 400 MHz, there will 

be great difficulty in measuring and achieving the suggested unwanted emission levels at the 

transmitter output for frequencies above 1 400 MHz. 

3.5.3 Potential impact 

3.5.3.1 EESS (passive) 

Passive satellite sensors will receive levels of unwanted emissions that exceed the –174 dBW 

threshold for passive satellite sensors in the 1 400-1 427 MHz when within line-of-sight of 

radiolocation radars in the lower adjacent band. 

Dynamic simulations from the second Analysis B indicate that the level of radiodetermination 

service unwanted emissions received by the passive sensors in the 1 400-1 427 MHz exceed the 

permissible interference threshold of –174 dB(W/27 MHz) for less than 1% of the time and in some 

cases less than 0.1% of time. Another administration performing a similar analysis using a national 

allocation table generally allowing radar use up to the maximum frequency of 1 400 MHz and a 

similar deployment as used in Analysis B (see § 3.4.2.3.2), would arrive at a more pessimistic 

result. For one Administration, such higher interference levels encountered for such short periods of 

time would be readily identified as interference, and, in that case, passive sensor measurements 

subject to these bursts of interference can be discarded without operational impact to the overall 

EESS mission in the band 1 400-1 427 MHz. 

A simulation has been made in order to assess the interference impact on SMOS for different values 

of average unwanted emission power in the passive band 1 400-1 427 MHz arriving from a single 

transmitter. Figure 3-28 shows the source brightness temperature map used as input to the 

simulator. 
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FIGURE 3-28 

Input brightness temperature map depicting a segment of the Yellow River 

near Xi'an, a city located in the north-west of China 

 

The field of view used in the simulation is around 70°, which is corresponding to an area larger than 

1 000 x 1 000 km. The simulated average power levels are ranging from –40 dB(W/27 MHz) to 

0 dB(W/27 MHz).  

FIGURE 3-29 

Reconstructed brightness temperature map with RFI using 

 an average level of –40 dBW 
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FIGURE 3-30 

Reconstructed brightness temperature map with RFI  

using an average level of –30 dBW 

  

FIGURE 3-31 

Reconstructed brightness temperature map with RFI  

using an average level of –20 dBW 
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FIGURE 3-32 

Reconstructed brightness temperature map with RFI  

using an average level of –10 dBW 

 

From these results it can be concluded that the impact of interference at a level of around 

–30 dB(W/27 MHz) is still noticeable. But it is in line with the compatibility analyses showing that 

interference largely exceeding the availability criteria will occur but some useful data could still be 

retrieved. Far from representing the ideal situation, a scenario with unwanted emission limits 

around –30 dB(W/27 MHz) would represent the absolute limit beyond which the satellite 

measurements will become unusable. 

3.5.3.2 Radiolocation service 

Most 1 215-1 400 MHz radars would have great difficulty meeting the –174 dB(W/27 MHz) EESS 

protection criterion. Some of the radars analysed in this Annex will also have difficulty meeting the 

proposed average value of –28.9 dB(W/27 MHz) value for radiated unwanted emissions measured 

at the transmitter output in the 1 400-1 427 MHz frequency band. 

3.6 Results of studies 

3.6.1 Summary 

This compatibility analysis has calculated the potential interference from radiolocation systems in 

the lower adjacent band in the band 1 400-1 427 MHz allocated to the EESS (passive). 

An average power limit in the passive band of –28.9 dB(W/27 MHz) would give an improved 

interference environment for the operation of the EESS (passive) in the band 1 400-1 427 MHz. 

However, additional calculations were conducted that demonstrate that some currently operational 

radiolocation radars can not meet the restriction of an average power limit of –28.9 dB(W/27 MHz) 

measured at the transmitter output. 

Radar and passive sensors must comply with numerous regulatory constraints and operate with 

unique burdens imposed by the laws of physics. 

Based on its dynamic simulation, one administration has concluded that useful scientific data is 

expected to be collected using its own sensor even with up to 1% of data measurements in its own 
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territory that may have to be discarded as a result of unwanted emissions exceeding the interference 

threshold. Another administration performing a similar analysis using a national allocation table 

generally allowing radar use up to the maximum frequency of 1 400 MHz and a similar deployment 

as used in Analysis B (see § 3.4.2.3.2), would arrive at a more pessimistic result. 

3.6.2 Conclusions 

This compatibility study has shown that if the outcome of the dynamic analyses as presented can be 

taken as representative for many existing systems, it can be concluded that a number of the existing 

radar systems already meet the proposed average unwanted emission power limit of 

–29 dB(W/27 MHz). 

Future developments for this majority would not be impacted to meet the proposed unwanted 

emission average power. For the systems that do not meet this level, a number of mitigation 

techniques may be implemented for future radar designs.  

With an average level of –29 dB(W/27 MHz) satellite interference largely exceeding the availability 

criteria will occur but some useful data could still be retrieved. Far from representing the ideal 

situation, a scenario with unwanted emission limits beyond –29 dB(W/27 MHz) represents a 

significant impact to the EESS (passive) operations. 

It may be difficult to measure and comply at the transmitter output with the proposed 

–29 dB(W/27 MHz) average level for radar output device emissions above 1 400 MHz. 

Additionally, compliance with such a criteria may impose implementation burdens; however, the 

radars comply with the spurious emission limits of RR Appendix 3. 

Theoretical mitigation methods to help radar achieve compliance with the proposed 

–29 dB(W/27 MHz) average power level may negatively impact radar operational performance and 

may represent a significant additional burden on the radiolocation service. 

Finally, the proposed average level of –29 dB(W/27 MHz) represents impacts to both services. 

4 Compatibility analysis between the EESS (passive) systems operating in the 1 400-

1 427 MHz band and the fixed service in the bands 1 350-1 400 MHz and 1 427-

1 452 MHz band 

4.1 EESS (passive) 

This section addresses the radiolocation service allocated in the 1 350-1 400 MHz, which is adjacent 

to the 1 400-1 427 MHz passive band allocated to the EESS (passive). Further information on EESS 

(passive) can be found in § 3.1. 

4.2 Fixed service 

4.2.1 Allocated transmit bands 

The transmit bands are given in Table 3-1. 

4.2.2 Application 

The frequency bands 1 350-1 400 MHz and 1 427-1 452 MHz is used for various types of 

applications in a great number of countries. 

Recommendation ITU-R F.758-3 – Considerations in the development of criteria for sharing 

between the terrestrial fixed service and other services, provides guidance on the technical 

characteristics of FS systems that need to be taken into account when developing criteria for sharing 

with other services. Tables 8 and 9 of this Recommendation tabulate a variety of point-to-multipoint 
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FS terminals that are representative of systems in the bands addressed by this study. The parameters 

relevant to these studies are extracted into Tables 4-2 in § 4.2.4. 

Recommendation ITU-R F.1242 provides channel arrangements for the lower and upper FS bands. 

4.2.3 Level of unwanted emissions 

The next three subsections recall the different unwanted emission masks considered in the 

following studies. 

4.2.3.1 Recommendation ITU-R SM.1541 and RR Appendix 3 

Table 23 of Annex 12 of Recommendation ITU-R SM.1541 specifies the generic mask for 

unwanted emissions for digital FS equipment. This mask is presented in Table 4-1 where the 

reference to frequency offset is expressed in terms of the percentage of offset from the emission 

center frequency referred to the FS channel separation (CS). 

TABLE 4-1 

Spectral mask for digital fixed service operating  

above 30 MHz all systems except FDMA 

Frequency offset (CS%) Attenuation (dBsd) 

0 0 

55 0 

120 25 

180 40 

250 40 

 

Considering a typical transmission rate of about 2.4 Mbit/s using QPSK modulation, a 0 dBW 

emission would have a maximum power spectral density (PSD) of –60.8 dB(W/Hz). For a 2 MHz 

channel separation, the FS channel plan given by Recommendation ITU-R F.1242 for the 

1 375-1 400 MHz and 1 427-1 452 MHz bands provides a 0.5 MHz guardband at the band edge 

adjacent to the passive service band. The integration of the unwanted emission power over the 

1 400-1 427 MHz passive band using this Recommendation ITU-R SM.1541 unwanted emission 

mask yields an unwanted emission factor of 14.6 dB, where the unwanted emission factor is 

defined as the ratio of the unwanted emission power in the passive band to the total FS transmitted 

power. 

RR Appendix 3 provides the maximum permitted power levels for spurious emissions. They have to 

be at least –x dBc below the total mean power P. The power P is to be measured in a bandwidth 

wide enough to include the total mean power. The spurious domain emissions are to be measured in 

a 1 MHz reference bandwidth for all frequencies above 1 GHz. The attenuation is the less stringent 

value between 43 + 10 log(P) or 70 dBc.  

It is worth noting that the spurious limit is given in dBc units, whereas the unwanted emission mask 

is given in dBsd units. In order to be able to show the spurious limit on the same plot as the 

unwanted emission mask, the dBc unit has to be converted to dBsd. 

4.2.3.2 Level based on ECC (Conférence européenne des administrations des postes et 

télécommunications (CEPT)) Recommendations 

The Recommendation ECC 02-05 gives guidance about the use of the whole package of ITU-R 

Recommendations and their relation to the ERC Recommendation 74-01 on spurious emissions.  
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The limits for unwanted emissions in the out-of-band domain  as given in Recommendation ITU-R 

SM.1541, are only generic “safety net limits”, since they generally constitute the least restrictive 

out-of-band domain emission limits that have been successfully implemented in national or regional 

regulations.  

The limits for unwanted emissions in the spurious domain (spurious domain emission limits) in 

ECC Recommendation 74-01 (Annex 1) correspond to the Category B limits in Recommendation 

ITU-R SM.329. This Recommendation introduces for the spurious emission power supplied to the 

antenna an absolute value of –50 dBm in a reference bandwidth depending on the frequency offset 

and the channel spacing (CS). 

Additionally, within Europe, fixed service equipments operating in the 1 350-1 400 and 

1 427-1 452 MHz bands have to comply with ETSI standards, which are more stringent than the 

corresponding ITU-R or CEPT Recommendation. Two ETSI standards are applicable in these 

bands: ETSI EN 300 630 and ETSI EN 301 390. 

– ETSI EN 300 630 provides characteristics of point-to-point equipment to be deployed in 

this band. In particular, it provides information on emissions mask within the out-of-band 

domain. Class 1 and 2 represent the worst case and were taken into account for the 

calculation. 

– ETSI EN 301 390 provides information on the limits that should be met by unwanted 

emissions in the spurious domain and calls recommendation ECC 74-01 for their 

calculation. 

It has to be noted that the level within the unwanted emission domain is given by a relative 

attenuation compared to the power supplied to the antenna transmission line in the necessary 

bandwidth whereas the level within the spurious domain is given by its absolute value. 

Recommendation ECC 74-01 explains how to deal with the edge between these two domains. 

4.2.3.3 Example 

Different frequency plans (channel centre frequencies and bandwidths) are used from one country 

to another. This subsection provides an overview of the different masks for a given fixed service 

configuration. A 0 dBW emission power (i.e. e.i.r.p. minus maximum antenna gain) and a 2 MHz 

channel bandwidth is considered as an example. Its centre frequency is 1 390 MHz as shown in  

Fig. 4-1. 



78 Rep.  ITU-R  SM.2092-0 

FIGURE 4-1 

Unwanted emission level for different frequency channels 

 

It is clear that the unwanted emissions falling into the passive band depend on the bandwidth 

channel, centre frequency offset and power.  

The unwanted emission attenuation factor is then defined as the ratio of the unwanted emission 

power integrated into the 1 400-1 427 MHz passive band and the power supplied to the FS antenna 

into the active band.  

A 52 dB unwanted emission attenuation factor is estimated on this example. 

4.2.4 Transmitter characteristics 

TABLE 4-2 

FS point-to-point system parameters  

Parameter Value 

Modulation 4 PSK 

Channel spacing 25 kHz to 2 MHz 

Antenna gain 8 to 31 dBi (Yagi or parabolic) 

Feeder loss 3 dB 

Maximum e.i.r.p. 0 to 37.5 dBW 

 

4.2.5 Operational characteristics of point to point (P-P) systems 

The following antenna gain distribution and FS elevation angle are representative of FS links 

deployed within CEPT countries.  
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FIGURE 4-2 

Distribution of FS elevation angles 

FIGURE 4-3 

Distribution of FS maximum antenna gains 

 

The following Table 4-3 gives the percentage of fixed links for most common channel bandwidth 

parameters. 

TABLE 4-3 

Distribution of FS point-to-point CS  

within CEPT countries 

Channel spacing % of cases 

25 kHz 4 

75 kHz 6.7 

250 kHz 53.7 

500 kHz 8.3 

1 MHz 21.1 

2 MHz 6.2 

 

For each of these channel spacing, a distribution law of the centre frequency estimated from real 

values obtained from different administrations. It is shown in Fig. 4-4. One can note the 0.5 MHz 

guardband adjacent to the passive band. 
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FIGURE 4-4 

Distribution of centre frequency for different channel bandwidth 

 

4.3 Compatibility studies 

4.3.1 Methodology used to assess interference level 

An aggregate interference study is also conducted through computer simulations using dynamic 

modelling techniques to develop an estimated statistical distribution of the interference levels 

produced by a representative deployment model of FS stations for comparison with the protection 

requirements specified in § 3.1.3 above in terms of the percentage of measurement area for which 

the interference threshold interference power level is exceeded. 

4.3.2 Calculation of aggregate interference levels using dynamic model simulation 

4.3.2.1 First analysis 

A preliminary assessment of the aggregate interference caused by FS stations operating in the 

adjacent band(s) can be developed using a dynamic modelling simulation for an assumed 

geographic distribution of FS stations. Figure 4-5 illustrates an assumed FS deployment model, 

which consists of 10 two-way FS links randomly located in the vicinity of each of 132 North 

American cities. These cities are located within a 10 000 000 km2 measurement area bounded 

by 51.375° N, 75.695° W, 28.625° N and 122.305° W. 

The FS parameters (e.i.r.p. and reference antenna pattern) used in this example simulation are based 

on the 31 dBi gain, 3 m dish antenna. The coordinates of one end of each FS link in the simulation 

was randomly chosen to lie between 20 and 70 km of its associated city. A random azimuth was 

chosen for the link, and the coordinates of the other end of the link were calculated to lie on this 
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azimuth at a distance of 35 km. A 0° elevation angle was assumed at each end of the link. With the 

assumed density of 10 P-P FS links per city in this hypothetical FS deployment model, the total 

number of FS transmitters in the simulation was 2 640. 

This computer run simulated 15 days of the satellite orbit at 72 ms time steps. Figure 4-6 presents 

the cumulative distribution function for the aggregate interference level received at the passive 

sensor during the time steps for which the satellite was in view of the measurement area plotted in 

Fig. 4-5. 

FIGURE 4-5 

North America measurement area for dynamic model simulation 
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FIGURE 4-6 

Cumulative distribution of the aggregate interference level at the passive sensor 

produced by dynamic model simulation 

 

4.3.2.2 Second analysis 

Another dynamic model simulation considered a deployment of 3 000 FS point-to-point links with 

the operational characteristics given in § 4.2.5.2. Antenna gain discrimination is given by the 

application of Recommendation ITU-R F.1245. 

The proposed methodology consists in calculating aggregate interference with a power within the 

passive band supplied to the antenna equal to 0 dBW. As a consequence, the gap between 

interference value seen by the passive sensor for 0.1% of the time and the threshold (–174 dBW 

within the passive band) will stand for the maximum allowable emitted power for any FS within 

1 400-1 427 MHz. 

The results are then given in Fig. 4-8. 
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FIGURE 4-7 

Deployment of P-P FS links in the 1.4 GHz band 

 

FIGURE 4-8 

Simulation results for the P-P case 

 

SMOS has two missions: soil moisture and ocean salinity. The interference received by SMOS 

when performing measurements over the ocean is given in Fig. 4-9. 
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FIGURE 4-9 

SMOS: Measurement over land and sea 

 

FIGURE 4-10 

Simulation results for the SMOS sensor 

 

In this case the interference is 5 dB lower, although the measurement area is not far away from the 

coasts where FS links are deployed. It has to be noted that HYDROS is designed only for the 

purpose of soil moisture measurements, and will therefore perform measurements on land only. 

The NASA mission dedicated to sea salinity is AQUARIUS. Therefore, this does not apply to 

HYDROS. 

These simulations show that, considering 3 000 P-P FS systems deployed in a large area and a 

power level supplied to the antenna equal to 0 dBW within the passive band, the level of 

interference will be around −111 dBW for HYDROS and –121 dBW for SMOS for 0.1% of the 

time (compared to the level of −174 dBW contained in Recommendation ITU-R RS.1029).  
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The difference between the interference power and the protection criterion gives the maximum 

unwanted emission power limit that would allow respecting the protection criterion. This limit is: 

– –53 dBW for the SMOS sensor; 

– –63 dBW for the HYDROS sensor. 

The SMOS sensor is less sensitive to interference as it is composed of an array of low gain antennas 

with a maximum gain of 9 dBi. The HYDROS sensor uses a high gain antenna with a maximum 

antenna gain of 35 dBi, 26 dB higher. 

4.3.2.3 Third analysis 

Publicly available data on stations licensed in one administration was assembled in a format that 

allowed the construction of a dynamic simulation model in which the simulation station models had 

the same characteristics as the licensed stations in terms of locations, powers, and assigned 

frequencies. This database listed 2 168 frequency assignments in the 1 427-1 452 MHz band to 

67 licensed stations. Most of the stations are classified as aircraft flight test stations or provide 

telemetry services as a private land mobile radio service.  

This data base does not include wireless medical telemetry operations currently authorized in the 

1 395-1 400 and 1 427-1 432 MHz band, certain government radio stations, or future fixed service 

stations yet to be licensed in the 1 390-1 392 MHz and 1 392-1 395/1 432-1 435 MHz bands. 

Figure 4-11 illustrates this deployment of transmitting FS stations, as well as the passive sensor 

measurement area for which interference statistics are developed by the simulation model. The 

individual dots represent the 67 stations included in the licensed station database for this band. Most 

of the station licence specified operations within a radius of a specific location, and often included 

authorization of tens to thousands of associated mobile stations, and the latitude and longitude of 

that base station location was used in the simulation as the base station location. Several stations 

were classified as temporary fixed, and a location was assigned randomly to such stations within the 

10 000 000 km2 measurement area. In all cases, only one station per frequency assignment is 

included in the deployment model at the transmit power listed in the licence for that frequency 

assignment. 

Transmit powers range from 0.6 to 25 W and emission bandwidths range from 1 kHz to 20 MHz. In 

most cases, the licence data did not include radiated power levels, and it is assumed in this 

simulation that all stations utilize omnidirectional antennas. The unwanted emission power falling 

within the 1 400-1 427 MHz EESS (passive) band was calculated for each station by integrating the 

emission mask in the applicable national regulation based on the assigned frequency and necessary 

bandwidth of the licensed frequency assignment. These values ranged from −28.7 to 

1.3 dB(W/27 MHz). 
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FIGURE 4-11 

Licensed station deployment in the United States of America 

 

Simulations for this deployment model were conducted for the 10 000 000 km2 measurement area 

between 28.4234° N and 49.5766° N and between 73.3159° N and 122.6841° W illustrated in 

Fig. 4-11. Runs were conducted assuming that all stations were operating continuously and 

assuming a 50% operational factor by eliminating half of the frequency assignments to stations with 

two or more assignments and half of the stations with only a single frequency assignment. 

Simulations were run to produce CDFs over a simulation run of 3 days with a 72 ms step size for 

HYDROS and 1 s for Aquarius when the passive sensor was able to sample points within the 

measurement area. The CDFs of the interference from the licensed stations into the passive sensor 

in the 1 400-1 427 MHz band are presented in Figs. 4-12 and 4-13. Integration of unwanted 

emissions from a narrow-band signal over the 27 MHz passive sensor bandwidth using the 

regulatory emission mask is likely to overestimate the unwanted emission level actually emitted. 

For this reason, the simulation included the case where the unwanted emissions of each station in 

the deployment model were uniformly limited to −45 dB(W/27 MHz) in the EESS (passive) band, 

which is 30 dB below the average unwanted emission power calculated by integrating the 

regulatory emission mask. The interference power exceeded over 0.1% of the measurement area at 

the passive sensors indicated by Figs. 4-12 and 4-13 is between −115 and −124 dB(W/27 MHz) 

assuming the licensed station parameters, and between –145 and –154 dB(W/45 MHz) for the 

uniform −45 dB(W/27 MHz) case. Figures 4-12 and 4-13 include the additional case where the each 

FS station in the dynamic simulation operates with an unwanted emission level of 

–28.9 dB(W/27 MHz) within the EESS (passive) band for comparison with the results of a static 

analysis where this level is assumed as an average value to smooth out the dynamics of radar beam 

movement and frequency hopping. 
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FIGURE 4-12 

FS interference CDFs – HYDROS 

 

FIGURE 4-13 

FS Interference CDFs – Aquarius 
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4.3.3 Values achieved 

One simulation analysis for the HYDROS sensor is presented in § 4.3.2.1 for a FS station 

deployment of 2 640 stations around urban areas in a 10 000 000 km2 area. This study indicates that 

the aggregate permissible interference criteria of Recommendation ITU-R RS.1029-2 are satisfied if 

the level at the antenna port of FS unwanted emission power in the passive band 1 400-1 427 MHz 

does not exceed –53 dB(W/27 MHz).  

Another study shows that, considering 3 000 point-to-point FS systems deployed in a large area 

with representative characteristics developed in § 4.2.5.2, the interference threshold is not exceeded 

more than 0.1% of the time if the unwanted emission power at the antenna port within the passive 

band is lower than −53 dBW for SMOS sensor and −63 dBW for HYDROS. 

A third simulation involving 2 168 frequency assignments licensed in one administration indicates 

that the aggregate EESS (passive) interference criteria is not exceeded if the unwanted emission 

power falling in the 1 400-1 427 MHz band does not exceed –71 to –65 dB(W/27 MHz). 

As an example, Fig. 4-14 shows the unwanted emission power at the antenna port falling within the 

1 400-1 427 MHz passive band when considering the ETSI Standards, a 0.5 MHz guard band 

included in Recommendation ITU-R F.1242, and a typical deployment of FS links in CEPT 

countries. Most of these values are in the range −56 to −38 dBW. It is noted that the unwanted 

emissions from an estimated 50% of existing FS links which comply with these standard do not 

exceed –55 dB(W/27 MHz), and about 95% do not exceed –40 dB(W/27 MHz), within the 

1 400-1 427 MHz band. Nevertheless, one has to mention that the ETSI standards may still 

overestimate the spurious levels especially for the FS links whose centre frequency is very far from 

the passive band or with narrow CS.  

FIGURE 4-14 

Distribution of unwanted emission level  

within the passive band 

 

FS characteristics used in these studies were provided by Recommendation ITU-R F.758 relevant to 

sharing studies between FS and other services. In addition some administrations use the band above 

1 427 MHz for P-MP FS systems whose characteristics may differ from those specified in 

Recommendation ITU-R F.758. It should be noted that these studies are based on simulations 

involving only P-P FS systems, and that the conclusions of these studies may not be applicable to 

P-MP systems. 
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4.4 Mitigation techniques 

4.4.1 Earth exploration-satellite (passive) service 

Due to the limited width of the allocated band of 27 MHz, any reduction in the passive sensor 

bandwidth will reduce its sensitivity and adversely affect the quality of the scientific products 

produced from the data measurements.  

4.4.2 Fixed service 

A greatest frequency offset between the centre frequency and edges of the passive band can be 

regarded as a possible mitigation technique. This offset has to be greater than 250% of the 

necessary bandwidth to have the passive band falling into the spurious domain. A requirement for a 

guard band exceeding that provided by the channel plan in Recommendation ITU-R F.1242 may 

impose an undue constraint on the FS. 

4.4.3 Potential impact 

4.4.3.1 Earth exploration-satellite (passive) service 

The current and future passive sensors used in the concerned frequency bandwidth are not able to 

discriminate between targeted natural emissions and untargeted man made emissions. Therefore, 

there is a risk of corrupted measurements from several areas if the aggregate unwanted emission 

levels exceed those assumed in the analysis. Corrupted measurement data could adversely impact 

international partnership initiatives that produce comprehensive global, regional, or national data 

that satisfies information needs for the environment and supports scientific measurement 

programmes on the environment. 

A simulation has been made in order to assess the interference impact on SMOS for different values 

of average unwanted emission power in the passive band 1 400-1 427 MHz arriving from a single 

transmitter. Figure 4-15 shows the source brightness temperature map used as input to the 

simulator. 

FIGURE 4-15 

Input brightness temperature map depicting a segment of the Yellow River near Xi'an,  

a city located in the north-west of China 

 

The field of view used in the simulation is around 70°, which is corresponding to an area larger than 

1 000 × 1 000 km.  
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4.4.3.2 Fixed service 

In Europe, the unwanted emission level is given by ETSI standards EN 302 217 (P-P applications) 

and EN 301 753 (P-MP applications) respectively. The spurious limits are provided by EN 301 390 

referring to ECC Recommendation 74-01 limits corresponding to Category B limits in 

Recommendation ITU-R SM.329-7. The unwanted emission limits in these ETSI standards are 

more stringent than the unwanted emission levels provided by Recommendation ITU-R SM.1541. 

In addition, the unwanted emission levels used by actual equipment often fall below the levels 

specified in Recommendation ITU-R SM.1541. 

As an example, by applying the unwanted emission mask (Class I and II) in the relevant ETSI 

standard, and assuming a transmitter output of –10 dBW4 and the maximum channel spacing of 

3.5 MHz, the unwanted emission level from the adjacent channel is –33 dBW (reference 

BW = 3.5 MHz). This means more than 20 dB above the proposed limit of –53 dB(W/27 MHz). By 

applying a guard band of 3.5 MHz the unwanted emission level is –55 dBW (reference BW of 

3.5 MHz), i.e. still above the proposed limit when converted to the 27 MHz EESS bandwidth. In the 

absence of additional filtering, a large relative guard band is required in order to meet the proposed 

limit, but the FS channel plan given by Recommendation ITU-R F.1242 provides a guard band of 

no more than 0.5 MHz. 

For channel spacings up to 250 kHz in Recommendation ITU-R F.1242, most of the unwanted 

spectrum within the passive band 1 400-1 427 MHz belongs to the spurious domain. For all those 

FS links whose centre frequency is far from the passive band, the integration of such a spurious 

level (–80 dBW in 100 kHz reference BW) leads to an unwanted power lower than 

–56 dB(W/27 MHz), just below the proposed threshold whatever the emission power. 

In summary, some FS systems may have difficulty meeting the proposed unwanted emission limit, 

especially those employing channel spacings above 250 kHz up to the maximum 3.5 MHz channel 

spacing in Recommendation ITU-R F.1242. A solution could be to assign the closest centre 

frequencies of the passive band to the narrow CS FS links in priority. As a consequence, unwanted 

emissions falling within the passive band would belong to the spurious domain. 

4.5 Results of studies 

4.5.1 Summary 

This section deals with the compatibility analysis between the EESS passive service systems 

operating in the 1 400-1 427 MHz band and the fixed service in the bands 1 350-1 400 MHz and 

1 427-1 452 MHz. 

The two first sections provide some information about EESS and fixed service systems. The 

following section focuses on the compatibility study. It gives calculation of interference levels 

based on three dynamic simulations for deployments of FS points to point links on North America 

or Europe. These studies considered deployments of 2 000 to 3 000 FS links over an area of 

approximately 10 000 000 km2. These studies show that the interference produced by just the FS 

would exceed the aggregate permissible interference criteria of the EESS (passive) if the unwanted 

emission power density at the transmitter antenna input port of FS stations exceeds –71 to 

–53 dB(W/27 MHz) depending on the passive sensor and assumed FS station characteristics and 

deployment model in a particular study. 

However, some FS systems may have difficulty meeting such a proposed unwanted emission limit, 

especially those employing channel spacings above 250 kHz up to the maximum 3.5 MHz channel 

                                                 

4 In accordance with Recommendation ITU-R F.758, FS systems using power levels up to +5 dBW are 

in operation. 
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spacing in Recommendation ITU-R F.1242. By virtue of minimum compliance with the EN 

300 630 standard (unwanted emission mask), Recommendation CEPT 74-01 limits for emissions in 

the spurious domain, and Recommendation CEPT T/R 13-01 (frequency channel arrangement), 

unwanted emissions from an estimated 50% of existing FS links in CEPT countries do not exceed 

the –55 dB(W/27 MHz) level and about 95% do not exceed an unwanted emission level of 

–40 dB(W/27 MHz) within the 1 400-1 427 MHz band, without considering the degree to which 

actual systems exceed the requirements of the CEPT standard.  

4.5.2 Conclusions 

Considering a deployment of 2 000 to 3 000 FS links within the deployment areas studied, it has 

been shown that the EESS (passive) aggregate permissible interference criteria is satisfied if the 

unwanted emission power at the antenna port falling within the passive band does not exceed –71 to 

–53 dB(W/27 MHz) into the antenna port depending on the passive sensor and assumed FS station 

characteristics and deployment model in a particular study. It is also shown that existing FS links of 

CEPT countries which comply with EN 300 630 standard for unwanted emission mask, 

Recommendation CEPT 74-01 for spurious domain, and Recommendation CEPT T/R 13-01 for the 

frequency channel arrangement are compatible with the value of −53 dB(W/27 MHz) for an 

estimated 50% of cases and –40 dB(W/27 MHz) into the antenna port in about 95% of the cases. 

Limiting the unwanted emission power of an FS P-P transmitter in these bands to a level between 

–53 and –40 dB(W/27 MHz) into the antenna port falling within the EESS (passive) band may not 

place an undue burden on the FS. While the permissible interference levels of Recommendation 

ITU-R RS.1029-2 will be exceeded if the unwanted emission levels produced by all FS stations fall 

in the upper portion of this range, limiting FS unwanted emissions to that range should still allow 

passive sensors to perform their missions in the 1 400-1 427 MHz band. The lower portion of this 

range provides greater protection of the EESS (passive) but imposes a higher level of constraints on 

the FS, while the upper portion of this range would result in less constraint on the FS but results in 

higher interference levels into the EESS (passive).  

An acceptable interference may be achieved if the unwanted power within the passive band is lower 

than –45 dB(W/27 MHz) into the antenna port since some impact can be perceived from a single 

interferer for all levels higher than –40 dB(W/27 MHz) into the antenna port and most FS links are 

compliant with such a level. 

However, it should be noted that these conclusions are based on simulations involving only P-P FS 

systems, and may not be applicable to P-MP systems. Consequently, further studies may be 

required in order to determine the impact of technical constraints on P-MP FS systems. 

5 Compatibility analysis between the EESS (passive) systems operating in the 1 400-

1 427 MHz band and space operation (Earth-to-space) service systems operating in 

the 1 427-1 429 MHz band 

5.1 EESS (passive) 

This section addresses the space operation service allocated in the 1 427-1 429 MHz, which is 

adjacent to the 1 400-1 427 MHz passive band allocated to the EESS (passive) service. Further 

information on EESS (passive) can be found in § 3.1. 

5.2 Space operation service (Earth-to-space) 

5.2.1 Allocated transmit band 

The active service band is the space operation service band 1 427-1 429 MHz. 
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5.2.2 Application 

The application of the space operation service in this band is for telemetry and telecommand 

purposes for satellites in the Earth-to-space direction. Two applications are considered in this study. 

The characteristics used in the first application are for the telecommand links in an RNSS network 

(COMPASS-H) consisting of 9 satellites, which plans to use the 1 427-1 429 MHz band for uplink 

to the satellites. The second application is for the provision of telecommand links to a constellation 

of low earth orbit satellites.  

5.2.3 Levels based on ITU-R provisions and Recommendations 

The unwanted emission domain mask for SOS from Recommendation ITU-R SM.1541 is given in 

the Fig. 5-1. 

 

The emission mask is specified in dBsd units measured in a 4 kHz reference bandwidth.  

The emission mask is defined to be: 

  %150%50fordBsd%)50/(1515–nAttenuatio  XX   

  %250%150fordBsd%)50/(612nAttenuatio  XX   

where X is specified as a percentage of the necessary bandwidth. 

5.2.4 Transmitter characteristics 

TABLE 5-1 

Transmitter characteristics 

System Simulation Scenario 1 

COMPASS-H 

Simulation Scenario 2 

Walker Constellation 

Orbit Non-GSO Non-GSO 

Altitude (km) 36 000 750 

Inclination (degrees) 50 50 
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TABLE 5-1 (end) 

System Simulation Scenario 1 

COMPASS-H 

Simulation Scenario 2 

Walker Constellation 

Bandwidth(1) (MHz) 2 2 

Peak power(1) (dBW) 30 30 

Antenna gain(1) (dBi) 41 41 

Half-power beamwidth(1) 

(degrees) 

1.47 1.47 

Number of satellites 9 16 

Earth station antenna pattern Recommendation ITU-R 

F.1245-1 

Recommendation ITU-R 

F.1245-1 

(1) Values specified in ITU-R satellite filings for the COMPASS-H system. 
 

5.2.5 Operational characteristics 

The COMPASS-H satellite network consists out of 9 satellites, equally spaced seen from the 

equatorial plane (40° longitude per satellite), as illustrated in Fig. 5-2.  

FIGURE 5-2 

COMPASS-H orbit configuration 
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Three to four earth stations would be needed to ensure continuous access to the 9 satellites. At 

present, it is unclear how many earth stations would be implemented for the COMPASS-H 

constellation of satellites. 

Another possible use of the 1 427-1 429 MHz space operations service band is the support of 

multiple low Earth orbit (LEO) satellites. For the purposes of this study, a constellation of 16 LEO 

satellites as illustrated in Fig. 5-3 is assumed. 

FIGURE 5-3 

16 LEO satellite orbit configuration 

 

5.2.6 In-band transmit level 

The Earth station parameters can be found in Table 5-1.  

5.3 Interference threshold 

The passive service interference threshold from Recommendation ITU-R RS.1029 is –174 dBW in 

27 MHz for sensors operating near 1 400 MHz. 

Interference is potentially received from several sources from multiple services simultaneously. The 

criteria listed in Recommendation ITU-R RS.1029 (for a specific band) is the maximum permissible 

interference for the passive sensor from all sources. 
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5.4 Interference assessment 

5.4.1 Methodology used to assess interference level 

A dynamic analysis was performed to assess the impact of unwanted emissions from the space 

operation service in the 1 427-1 429 MHz band to passive sensors within the 1 400-1 427 MHz 

band. 

5.4.2 Dynamic simulation results 

A commercial simulation program was used to perform the dynamic model simulations for 

developing the cumulative distribution functions (CDFs) of the interference received by a passive 

sensor with respect to observations made over a 10 000 000 km2 measurement area as specified in 

Recommendation ITU-R RS.1029-2. 

For the purpose of this dynamic simulation, the measurement area is defined by the area of the 

Earth’s surface bounded by lines of constant latitude at 23.58° and 46.42° N, and lines of constant 

longitude at 80.29° and 123.71° E and has an area of 10 000 000 km2 with its centre at 35° N and 

102° E. This passive sensor measurement area is illustrated in Fig. 5-4. The space operations 

service uplink Earth station is assumed to be located at the center of this measurement area. 

FIGURE 5-4  

EESS measurement area  

 

The transmit power specified in Table 5-2 is the total transmit power. It must be corrected by an 

unwanted emission factor to account for only the amount of unwanted emission power that falls 

within the 1 400-1 427 MHz passive sensor band. The unwanted emission factor is defined as the 

portion of the total transmit power that falls within the victim receiver (e.g. passive sensor) 

bandwidth. Using the ITU-R SM.1541 unwanted mask for the space operations service yields an 

unwanted emission factor of –8.4 dB. This unwanted emission factor corresponds to an uplink 

transmit power of 21.6 dBW, corresponding to an unwanted emission EIRP of 

62.6 dB(W/27 MHz), within the 27 MHz passive sensor band centred at 1 413.5 MHz.  

This simulation model was run to produce the CDF over a period of 16 days with a 200 ms time 

step size when the passive sensor was able to sample points within the measurement area. The 
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CDFs of the interference from the space operations service uplinks into the HYDROS and Aquarius 

passive sensors in the 1 400-1 427 MHz band are presented in Figs 5-5. and 5-6. 

FIGURE 5-5  

HYDROS interference CDF 

 

Figure 5-6 

Aquarius interference CDF 

 

Results of the interference levels illustrated in Figs. 5-5 and 5-6 show that the level of space 

operations service unwanted emissions received by the passive sensors in the 1 400-1 427 MHz 

exceeded the permissible interference threshold of –174 dB(W/27 MHz) for more than 0.1% of time 

as outlined in Recommendation ITU-R RS.1029-2. The unwanted emission power required to meet 

this threshold criterion is provided in Table 5-2.  
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TABLE 5-2 

Unwanted emission attenuation necessary to meet Recommendation ITU-R RS.1029-2 

 HYDROS Aquarius 

 Interference 

from 

COMPASS-H 

Interference 

from Walker 

onstellation 

Interference 

from 

COMPASS-H 

and Walker 

constellation 

Interference 

from 

COMPASS-H 

Interference 

from Walker 

constellation 

Interference 

from 

COMPASS-H 

and Walker 

constellation 

Interference 

threshold based on 

Recommendation 

ITU-R RS.1029-2 

(dB) 

–174 –174 –174 –174 –174 –174 

Interference level at 

0.1% (dB)  

–112.0 –111.2 –108.8 –116.2 –115.5 –113.0 

Additional unwanted 

emission attenuation 

required to meet 

Recommendation 

ITU-R RS.1029-2 

(dB) 

–62.0 –62.8 –65.2 –57.8 –58.5 –61.0 

Permissible 

unwanted emission 

Power  
(dB(W/27 MHz))  

–40.4 –41.2 –43.6 –36.2 -36.9 –39.4 

Permissible 

unwanted emission 

EIRP 

(dB(W/27 MHz)) 

0.6 –0.2 –2.6 4.8 4.1 4.6 1.6 

 

5.5 Mitigation techniques 

5.5.1 EESS (passive) 

Due to the limited width of the allocated band of 27 MHz, any reduction in the passive sensor 

bandwidth will reduce its sensitivity and adversely affect the quality of the scientific products 

produced from the data measurements. 

5.5.2 Space operation service 

Based on the published parameters of the space operations uplink earth station, the results from the 

dynamic simulations show that a large amount of additional out-of-band attenuation is needed by 

the space operations service in the 1 427-1 429 MHz band to not exceed the EESS (passive) 

aggregate permissible interference criteria ) in the 1 400-1 427 MHz band. Mitigation techniques, 

such as a decrease in transmitter power and employing operating characteristics as indicated in RR 

No. 1.153, can be used to reduce the amount of unwanted emission power into adjacent frequency 

bands. An initial evaluation of the COMPASS-H and Walker constellation uplinks suggests that the 

parameters modelled in the simulation, such as the transmitter power, may be excessive for the link 

requirements of such systems under normal operating conditions, based on the notified parameters 

for the COMPASS-H system. A link budget calculation is presented in Table 5-3 to assess the link 

margin based on the notified C/N value of 15 dB, as well as the unwanted emission interference 

margin for the Aquarius passive sensor assuming the use of these additional mitigation techniques.  
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TABLE 5-3 

Space operations service link budget calculation 

 COMPASS-H Walker 

Earth station transmit power (dBW) 30.0 30.0 

Earth station transmit antenna gain (dBi) 41.0 41.0 

Free space loss (dB) 186.4 153.0 

Spacecraft receiving antenna gain (dBi) 10.0 7.0 

Spacecraft receiving system temperature (K) 30.4 27.0 

Boltzmann's constant –228.6 –228.6 

Receiver bandwidth (MHz) 2.0 2.0 

Spacecraft C/N (dB) 29.8 63.6 

Desired C/N (dB) 15.0 15.0 

Uplink C/N margin (dB) 14.8 48.6 

Permissible unwanted emission power level 

(dB(W/27 MHz)) 

–36.2 –36.9 

Unwanted emission level from published data 21.6 21.6 

Additional attenuation RR No. 1.153 compliance (dB) 14.6 14.6 

Additional attenuation from C/N margin (dB) 14.8 48.6 

Resulting unwanted emission level (dB(W/27 MHz)) –7.8 –41.6 

Excess unwanted emission level (dB) 28.4 –4.7 

 

Limiting the uplink transmit power to the minimum necessary to reliably close the link under 

normal operating conditions can significantly reduce unwanted emissions levels into the EESS 

passive band, and such operations at transmitter output power levels significantly below the 

transmitter saturation point will also mitigate unwanted emission levels from spectrum side-lobe 

regrowth caused by the amplifier non-linearity that occurs at saturation. For example, as indicated 

in Table 5-3, employing operating characteristics provided in RR No. 1.153 and a reduction in 

uplink transmit power below the maximum notified power could reduce unwanted emission levels 

would result in the interference levels produced by an uplink earth station satisfying 

Recommendation ITU-R RS.1029-2 when operating with a Walker constellation of low Earth orbit 

satellites under normal operating conditions. 

Additional mitigation would, however, be required for operations with the higher altitude 

COMPASS-H satellites because of the higher path loss to these satellites. The ITU-R filing for 

COMPASS-H lists the entire allocated frequency band for space operations (1 427-1 429 MHz) as 

the uplink bandwidth. Assuming QPSK modulation, this implies a maximum data rate of 4 Mbit/s. 

Many other telecommand links operate at significantly lower data rates. If these telecommand links 

can operate at lower data rates then the required bandwidth can be reduced, and the unwanted 

emission levels are likely to be lower and post-modulation filtering can be more effective. A narrow 

bandwidth would also allow the transmit frequency to be located further from the edge of the 

passive sensor band providing some frequency separation as well.  
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5.5.3 Potential impact 

5.5.3.1 EESS (passive) 

EESS (passive) sensors in the 1 400-1 427 MHz band will receive unwanted emissions that exceed 

the –174 dB(W/27 MHz) threshold when space operation missions utilize the entire allocated band 

(1 427-1 429 MHz) for uplink operations and the high transmit power levels as indicated in the 

ITU-R filings. There are no proven techniques for identifying passive sensor measurements 

corrupted by interference and mitigating the impact of such corrupted measurements on the 

scientific data collected by planned missions in the 1 400-1 427 MHz band. 

The current and future passive sensors used in the concerned frequency bandwidth are not able to 

discriminate between targeted natural emissions and untargeted man made emissions. Therefore, 

there is a risk of corrupted measurements from several areas if the aggregate unwanted emission 

levels exceed those assumed in the analysis. Corrupted measurement data could adversely impact 

international partnership initiatives that produce comprehensive global, regional, or national data 

that satisfies information needs for the environment and supports scientific measurement 

programmes on the environment. 

5.5.3.2 Space operation (Earth-to-space) service 

The large amount of required unwanted emission attenuation determined by the simulations 

described in § 5.4 appear to result in part from worst-case parameters obtained from ITU-R satellite 

filings, and the level of unwanted emissions falling within the EESS (passive) band during normal 

operations are likely to be significantly lower than the worst-case value assumed in the studies.  

The unwanted emission levels into the passive band can be greatly reduced during normal 

operations by techniques such as the use of the lowest practicable transmit power (RR Nos. 3.3, 

15.2 and 15.5) and operating with the characteristics indicated in RR No. 1.153. Use of these 

techniques can reduce the unwanted emission transmit power into the passive band during normal 

operations to –41 dB(W/27 MHz) (or equivalently, an unwanted emission e.i.r.p. level of 

0 dB(W/27 MHz)) for operations with low Earth orbit constellations, and would not exceed the 

permissible interference criteria. Establishing an unwanted emission limit approximately 10 dB 

higher than this level should provide adequate link margin during normal operations while 

controlling this interference to a level that still allows passive sensors to perform their scientific 

missions in the 1 400-1 427 MHz band.  

However, the same mitigation techniques would result in an unwanted emission power of 

–8 dB(W/27 MHz) (33 dB(W/27 MHz) e.i.r.p.) exceeding the permissible interference level by 

28 dB for operations with a mid-Earth orbit satellite constellation. In this case, additional mitigation 

techniques, such as using emissions with bandwidths smaller than the entire allocated band, 

additional filtering of unwanted emissions and selection of a transmit frequency away from the 

EESS passive band edge may be necessary to reduce unwanted emission levels. Occasional 

very-high-power emergency transmissions (e.g. command transmissions to a tumbling spacecraft) 

are not continuous, and so, they are unlikely to cause levels of interference in excess of permissible 

levels to EESS (passive) sensors. 

5.6 Results of studies 

5.6.1 Summary 

This compatibility analysis has calculated the potential interference from space operation service in 

the 1 427-1 429 MHz band into the 1 400-1 427 MHz band allocated to the EESS (passive). Based 

on the notified maximum earth station power and bandwidth values and the unwanted emission 

mask of Recommendation ITU-R SM.1541-1 in the 1 400-1 427 MHz band, the results show that 
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unwanted emissions in the space operation service would cause interference exceeding the EESS 

(passive) aggregate interference criteria by about 60 dB. An unwanted emission level transmitted by 

the uplink earth station exceeding –41 to –36 dB(W/27 MHz), (or equivalently an unwanted 

emission EIRP level of 0 to 5 dB(W/27 MHz)), depending on the passive sensor considered, would 

result in the interference exceeding the permissible level.  

5.6.2 Conclusions 

EESS (passive) sensors within the 1 400-1 427 MHz band will receive levels of spurious emissions 

from uplink earth stations in the space operation service that exceeded the EESS (passive) aggregate 

permissible interference criteria by a large amount if operated with the currently notified maximum 

power and bandwidths. A limit on the unwanted emissions from a space operation service uplink 

earth station up to 10 dB above the –41 to –36 dB(W/27 MHz) range of permissible unwanted 

emission power levels indicated in the studies may still allow EESS (passive) sensors to fulfil their 

scientific missions in the 1 400-1 427 MHz band while not causing undue constraints on the space 

operations service in the 1 427-1 429 MHz band.  

6 Compatibility analysis between the EESS (passive) systems operating in the 1 400-

1 427 MHz band and the mobile service in the bands 1 350-1 400 MHz and 1 427-

1 452 MHz 

6.1 EESS (passive) 

This section addresses the mobile service allocated in the 1 427-1 452 MHz, which is adjacent to 

the 1 400-1 427 MHz passive band allocated to the Earth exploration-satellite (passive) service. 

Further information on EESS (passive) can be found in § 3.1.  

6.2 Mobile service 

6.2.1 Allocated transmit bands 

The active service band is the mobile service band of 1 427-1 452 MHz. 

6.2.2 Application 

The frequency band 1 427-1 452 MHz have been used for a long time for various types of 

applications in many countries. In one country, the band 1 429-1 453 MHz is being used by 2G 

cellular systems of three operators with the transmission direction from mobile stations to base 

stations. In addition, the country is currently planning to reallocate the 1.4 GHz band including 

1 427-1 452 MHz to 3G cellular systems using International Mobile Telecommunications-2000 

(IMT-2000) technologies, and it is expected that a migration from the personal digital cellular 

(PDC) of 2G cellular system to 3G cellular systems can be completed in the near future. Therefore, 

both 2G and 3G cellular systems are taken into account in this compatibility analysis. 

Recommendation ITU-R M.1073 provides system parameters of the PDC system in the 

1 429 1 453 MHz band. Recommendation ITU-R M.1457 provides parameters of IMT-2000 

systems. 

Also, aeronautical mobile telemetry operates in accordance with footnotes 5.342 and 5.343 in the 

frequency band 1 427-1 452 MHz. Recommendation ITU-R M.1459 provides parameters for these 

systems. 
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6.2.3 Unwanted emission levels based on ITU documents 

As shown in Fig. 6-1a), the band allocated for EESS is within a spurious domain of the most 

adjacent carrier emission of the mobile phone of the PDC system in one country. 

FIGURE 6-1 

 

Table II of RR Appendix 3 specifies that an attenuation value used to calculate maximum 

permissible emission power levels in the spurious domain applicable for radio equipment is derived 

as: 

43 + 10 log (P), or 70 dBc, whichever is less stringent 

for the mobile services.  

In this analysis, the attenuation value of 60 dBc, which is based on the regulation in one country and 

satisfies the level defined in RR as indicated above, is used for calculation applicable to the PDC 

system. 
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The unwanted emission level generated by IMT-2000 systems to EESS systems is highly dependent 

on unwanted emission level, rather than spurious emission level, as shown in the Fig. 6-1b). 

However, ITU documents including RR and ITU-R Recommendations do not provide the limit for 

unwanted emission level which is applicable to IMT-2000 systems in the 1.4 GHz band at the 

moment. Therefore, the specified value in for the 2 GHz band is used for the compatibility study 

between the IMT-2000 and EESS systems. 

3GPP TS 25.101, “User Equipment (UE) radio transmission and reception (FDD),” which is 

referred by Recommendation ITU-R M.1457, gives the required spectrum emission mask in both 

unwanted emission domain and spurious domain for the IMT-2000 band including 2 GHz band. 

Since the specification does not include the case of 1.4 GHz band, the emission mask specified for 

the 2GHz band is used in this study. Table 6-1 shows the spectrum emission mask requirement in 

the unwanted emission domain. General spurious emissions level of –30 dBm/MHz is required for 

f > 12.5 MHz. By performing integration of this spectral expression, an un-wanted emission level 

of –43 dB(W/27MHz) is calculated. 

TABLE 6-1  

Spectrum emission mask requirement  

(extracted from 3GPP TS25.101) 

f  

(MHz) 

Minimum requirement 

Relative requirement 

Absolute 

requirement 

(dBm) 

2.5-3.5 dBc5.2
MHz

1535





















f
 –71.1 

3.5-7.5 dBc5.3
MHz

135





















f
 –55.8 

7.5-8.5 dBc5.7
MHz

1039





















f
 –55.8 

8.5-12.5 –49 dBc –55.8 

 

6.2.4 Unwanted emission levels based on measurement of actual mobile stations 

In order to assess the compatibility under realistic conditions, measured unwanted emission levels 

of actual mobile stations is applied for both PDC system and IMT-2000 system. 

– For PDC system, –60 dB(W/27MHz) is employed as a realistic unwanted emission level in 

this study. The value is the median value obtained by measuring unwanted emission level 

of nine samples of actual PDC mobile stations for most adjacent channel to the EESS band 

in the 1.4 GHz band, 

– For IMT-2000 system, –56.5 dB(W/27MHz) is employed as a realistic unwanted emission 

level in this study. The value is the median value obtained by measuring unwanted emission 

level of four samples of actual IMT-2000 mobile stations designed for 2 GHz band instead 

of an un-existing mobile station in the 1.4 GHz band, 
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6.2.5 Transmitter characteristics of mobile station 

Table 6-2 shows typical system parameters of current PDC system and IMT-2000 system assumed 

in the frequency band in one country.  

There is a difference in expected numbers of mobile phone users between PDC and IMT-2000 

systems, due to the following situations in one country; 

– The PDC system uses the band 1 429-1 453 MHz as the core band, so that the band is used 

on nation-wide basis and all PDC mobile phone users are considered to use the band. 

– The IMT-2000 system will be expected to use the 1.4 GHz band including 

1 427-1 452 MHz as the additional spectrum band, which is used to carry heavy traffic in 

the specific areas such as metropolitan area. Therefore, small numbers of IMT-2000 mobile 

phone users are considered to use the band. 

TABLE 6-2 

MS system parameters 

 PDC system IMT-2000 system 

Frequency band (GHz) 1.429-1.439/1.443-1.453 1.4 GHz band (detail 

allocation is under study) 

Modulation π/4 shift QPSK  

Channel capacity 6 channel × 398 carrier – 

Channel spacing 50 kHz (25 kHz Interleave) 5 MHz 

   

Antenna gain (maximum)  3.5 dBi 0 dBi 

Feeder/multiplexer loss  –1 dB 0 dB 

Antenna type Omni-directional antenna Omni-directional antenna 

Tx output power –7 dBW –6 dBW 

e.i.r.p. (average)  –4.5 dBW – 

   

Number of mobile phone users 

(total number) 

15 000 000 1 000 000 

Ratio of outside users over total active 

number (outside users + in-house users) 

0.5 0.5 

Activity factor(1) 0.005 0.005 

Occupied bandwidth 32 kHz 5 MHz 

Spurious attenuation –60 dBc –70 dBc 

(1) Ratio of active channels in the busiest hour to the number of total terminals registered in an area. 
 

6.2.6 Operational characteristics of mobile stations 

Figure 6-2 shows an example of the service coverage of the PDC system operated in this frequency 

band in one country. As shown in the orange zone, most of the territory is covered as operational 

service area except for mountainous areas. The service coverage of the IMT-2000 system operated 

in the various frequency bands seems to be almost the same as that of the PDC system. However, 

coverage area by the 1.4 GHz band will be limited to metropolitan area. 
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FIGURE 6-2 

Coverage of mobile phone service  

 

6.3 Compatibility threshold 

The interference threshold level of EESS (passive) is −174 dBW in the reference bandwidth of 

27 MHz as specified in Recommendation ITU-R RS.1029-2. 

The interference under study is caused by a large number of mobile stations. The value listed in 

Recommendation ITU-R RS.1029-2 is the maximum permissible interference level for the passive 

sensor from all sources. This Annex provides an analysis of the interference generated by a single 

active service.  

6.4 Interference assessment 

6.4.1 Methodology used to assess interference level  

Two types of interference level calculations are performed in this study, i.e., single entry and 

aggregate cases. An estimate of the percentage of the 107 km2 passive sensor measurement area 

interference criteria specified in § 3.1.3 is also performed. 

A single entry interference calculation is performed to determine whether the interference caused by 

a single mobile phone exceeds the passive sensor interference power criterion.  

An aggregate interference calculation is also performed through simple calculation assuming a 

mobile phone deployment model for comparison with the protection requirements specified in 

§ 3.1.3. 



 Rep.  ITU-R  SM.2092-0 105 

6.4.2 Calculation of interference level 

6.4.2.1 Calculation of single-entry interference level 

In this study, the interference IEESS-se (dB(W/27 MHz)) into a passive sensor from a single MS 

terminal is calculated from the following formula: 

  EESSrecspacefreeUnwantedseEESS GLEI   _  

where: 

 Eunwanted: e.i.r.p. density (dB(W/27 MHz)) of MS unwanted emissions integrated over the 

1 400-1 427 MHz band (in some cases this eirp density level can be specified 

as the sum of the unwanted power density into the antenna plus the mobile 

terminal maximum antenna gain) 

 Lfree_space: free space loss to passive sensor (dB) 

 Grec-EESS: main beam gain of passive sensor antenna (dBi) in the direction of the MS 

terminal 

Values for Eunwanted used in these calculations are provided in terms of the maximum specified 

values and in terms of more realistic measured values for the PDC and IMT-2000 MS terminals. 

6.4.2.2 Calculation of aggregate interference level  

The aggregate interference level is calculated while considering the average number of mobile 

phones (Nm) within –3 dB contour of the sensor main beam. The area of contour of the sensor main 

beam is calculated as a function of the EESS off Nadir angle. 

  Nm = N × Am / Aj 

where: 

 N: total number of active mobile phones deployed in one country 

 Am: area of sensor main beam 

 Aj: total area of archipelago of one country. 

Figure 6-3 shows the interference model used for the above calculation. 
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FIGURE 6-3 

Model for calculation of aggregate interference  

 

These calculation results are summarized in Tables 6-3 and 6-4. 

TABLE 6-3 

a) Interference level caused by the PDC system into HYDROS and SMOS 

EESS HYDROS SMOS 

Satellite altitude (km) 670 760 

Receiving antenna gain (dBi) 35 9 

Pointing direction (degrees off Nadir) 40 32 

Main beam cover area (ellipse, km2) 1 402 263 8745 

Area (km2) 377 000 

MS 

Total number 15 000 000 

Percentage of outdoor mobile stations (%) 50 

Attenuation due to blocking  

(applied to Indoor MSs) (dB) 

12 

Activity factor (%) 0.5 

Transmitting power (W) 0.2 

Spurious attenuation (dBc)(1) –60 

Measured unwanted emission (dB(W/27MHz))(2) –60 

Transmitting antenna gain (dBi) 2.5 

Human body absorption effect (dB) –8 
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TABLE 6-3 (cont.) 

EESS HYDROS SMOS 

 Outdoor Indoor Outdoor Indoor 

Active number within EESS main-beam 139 139 37 500 37 500 

Received power from single MS 
(dB(W/27 MHz)) 

Specification value –177.78 –189.78 –203.18 –215.18 

Measured value(3) –185.10 –197.10 –210.50 –222.50 

Total aggregate received power 

(dB(W/27 MHz)) 

Specification value –156.29  –157.39  

Measured value(3) –163.66  –164.76  

Threshold (Recommendation ITU-R RS.1029-2) (dB(W/27 MHz)) –174 

Excess level (dB) 
Specification value 17.71 16.61 

Measured value(3) 10.34 9.24 

 

b) Interference level caused by the PDC system into Aquarius 

EESS  Aquarius 

  Beam 1 Beam 2 Beam 3 

Satellite altitude (km) 657 

Receiving antenna gain (dBi) 29.1 28.8 28.5 

Pointing direction (degrees off Nadir) 25.8 33.8 40.3 

Slant range (km) 739 810 896 

Beam ellipse – major axis (km) 94 120 156 

Beam ellipse – minor axis (km) 76 84 97 

Main beam cover area (ellipse, km2) 5,611 7,917 11,885 

Japan area (km2) 377 000 

MS 

Total number 15 000  000 

Percentage of outdoor mobile stations (%) 50.00% 

Attenuation due to blocking  

(applied to Indoor MSs) (dB) 

12 

Activity factor (%) 0.50% 

Transmitting antenna gain (dBi) 2.5 

Specified PDC OOB EIRP (dB(W/27 MHz)) –50.5 

Measured PDC OOB EIRP (dB(W/27 MHz)) –57.5 

Human body absorption loss (dB) –8 

Path loss at 1 413.5 MHz 152.8 153.6 154.5 

 Outdoor Indoor Outdoor Indoor Outdoor Indoor 

Active number of outdoor MSs within EESS 

main-beam 

558 558 787 787 1,182 1,182 

Received power from single MS 

(dB(W/27 MHz)) 

Specified value –180.2 –192.2 –181.3 –193.3 –182.5 –194.5 

Measured value –187.2 –199.2 –188.3 –200.3 –189.5 –201.5 

Aggregate received power of 

outdoor MS (dB(W/27 MHz)) 

Specified value –152.8 –164.8 –152.4 –164.4 –151.8 –163.8 

Measured value –159.8 –171.8 –159.4 –171.4 –158.8 –170.8 

Total aggregate received power 

(dB(W/27 MHz)) 

Specified value –154.7 –154.3 –153.7 

Measured value –161.7 –161.3 –160.7 

Criterion from (Recommendation ITU-R RS.1029-2) 

(dB(W/27 MHz)) 

–174 
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TABLE 6-3 (end) 

EESS  Aquarius 

  Beam 1 Beam 2 Beam 3 

Excess level (dB) 
Specified value 19.3 19.7 20.3 

Measured value 12.3 12.7 13.3 

(1) See § 6.2.3. Only applied for the study using the specification value. 

(2) Only applied for the study using the measured value, which is the median value in the measurement. Nine samples of PDC 

mobile stations in the 1.4 GHz band are used for the measurement. 

(3) It must be noted that a measured unwanted emission level is a value obtained from only nine samples of mobile stations. 

Therefore, some uncertainty needs to be taken into account to this result associated with these assumptions in the measurement. 

 

TABLE 6-4 

a) Interference level caused by the IMT-2000 system into HYDROS and SMOS 

EESS HYDROS SMOS 

Satellite altitude (km) 670 760 

Receiving antenna gain (dBi) 35 9 

Pointing direction (degrees off Nadir) 40 32 

Main beam cover area (ellipse, km2) 1 402 263 8745 

Area (km2) 377 000 

MS 

Total number 1 000 000 

Percentage of outdoor mobile stations (%) 50 

Attenuation due to blocking  
(applied to Indoor MSs) (dB) 

12 

Activity factor (%) 0.5 

Specified unwanted emission level (dB(W/27MHz))(1) 

Measured unwanted emission (dB(W/27MHz))(2) 

–43 

–56.5 

Transmitting antenna gain (dBi) 0 

Human body absorption effect (dB) –8 

Free space loss (dB) –154.6 –154.0 

 Outdoor Indoor Outdoor Indoor 

Active number within EESS main-beam 9 9 2500 2500 

Received power from single MS 

(dB(W/27 MHz)) 

Specification value –170.60 –182.60 –196.00 –208.00 

Measured value(3) –184.10 –196.10 –209.50 –221.50 

Total aggregate received power 
(dB(W/27 MHz)) 

Specification value –160.92 –162.02 

Measured value(3) –174.42 –175.52 

Threshold (Recommendation ITU-R RS.1029-2) (dB(W/27 MHz))  

Excess level (dB) 
Specification value 13.08 11.98 

Measured value(3) –0.42 –1.52 
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TABLE 6-4 (end) 

b) Interference level caused by the IMT-2000 system into Aquarius 

EESS  Aquarius 

  Beam 1 Beam 2 Beam 3 

Satellite altitude (km) 657 

Receiving antenna gain (dBi) 29.1 28.8 28.5 

Pointing direction (degreesoff Nadir) 25.8 33.8 40.3 

Slant range (km) 739 810 896 

Beam ellipse – major axis (km) 94 120 156 

Beam ellipse – minor axis (km) 76 84 97 

Main beam cover area (ellipse, km2) 5,611 7,917 11,885 

Japan area (km2) 377 000 

MS 

Total number 1 000 000 

Percentage of outdoor mobile stations (%) 50.00% 

Attenuation due to blocking  

(applied to Indoor MSs) (dB) 

12 

Activity factor (%) 0.50% 

Specified PDC OOB EIRP (dB(W/27 MHz)) –43 

Measured PDC OOB EIRP (dB(W/27 MHz)) –56.5 

Human body absorption loss (dB) –8 

EESS polarization mismatch (dB) –2 

Path loss at 1 413.5 MHz 152.8 153.6 154.5 

 Outdoor Indoor Outdoor Indoor Outdoor Indoor 

Active number of outdoor MSs within EESS 

main-beam 

37 37 52 52 79 79 

Received power from single MS 

(dB(W/27 MHz)) 

Specified value –174.7 –186.7 –175.8 –187.8 –177 –189 

Measured value –188.2 –200.2 –189.3 –201.3 –190.5 –202.5 

Aggregate received power of 

outdoor MS (dB(W/27 MHz)) 

Specified value –159 –171 –158.6 –170.6 –158 –170 

Measured value –172.5 –184.5 –172.1 –184.1 –171.5 –183.5 

Total aggregate received power 

(dB(W/27 MHz)) 

Specified value –159 –158.6 –158 

Measured value –172.5 –172.1 –171.5 

Criterion from (Recommendation ITU-R RS.1029-2) 

(dB(W/27 MHz)) 

–174 

Excess level (dB) 
Specified value 15 15.4 16 

Measured value 1.5 1.9 2.5 

(1) 3GPP specification value (obtained by integrated mask within 27 MHz corresponding to 1 400-1 427 MHz). 

(2) Median value in the measurement. Four samples of IMT-2000 mobile stations in the 2 GHz band are used for the measurement. 

(3) It must be noted that a measured unwanted emission level is a value obtained from only four samples of mobile stations in the 

2 GHz band (NOT in the 1.4 GHz band). Therefore, some uncertainty needs to be taken into account to this result associated 

with these assumptions in the measurement. 
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The following Table 6-5 summarizes the results of these calculations. 

TABLE 6-5 

Summary of excess interference levels in dB 

 HYDROS SMOS 
Aquarius 

Beam 1 Beam 2 Beam 3 

PDC specification 17.7 16.6 19.3 19.7 20.3 

PDC measured 10.3 9.2 12.3 12.7 13.3 

IMT-2000 specification 13.1 12.0 15 15.4 16 

IMT-2000 measured –0.4 –1.5 1.5 1.9 2.5 

 

6.4.3 Calculation of interference affected EESS (passive) measurement area 

Recommendation ITU-R RS.1029-2 recommends that the interference level should not exceed more 

than 0.1% of the sensor viewing area under the condition that the measurement area is a square on 

the Earth of 10,000,000 km2 unless otherwise justified. The percentage of such a measurement area 

for the Aquarius, HYDROS and SMOS passive covered by the area of this country is calculated as 

  377 000 km2 /107 km2 = 3.77% 

Therefore the interference levels calculated from the MS terminals in Tables 6-3 and 6-4 occur over 

less than 3.77% of the measurement area. However, it should be noted that the passive sensor may 

be subject to interference from unwanted emissions radiated by stations in other countries located 

within a 107 km2 measurement area that also includes the territory of this country. 

6.4.4 Values achieved 

6.4.4.1 Single entry 

Interference level from a single IMT-2000 mobile station is larger than that from a PDC mobile 

station. Meanwhile the number of IMT-2000 mobile stations is expected to be less than that of 

PDC, since the IMT-2000 system in the 1.4 GHz band is expected to be used as the additional 

spectrum band in some areas having heavy traffic, where capacity in the current frequency band 

could become short, to carry those heavy traffic. For the MS parameters assumed in the single entry 

calculations applicable to the mobile stations of both PDC and IMT-2000 systems, interference 

levels from a single MS do not exceed the allowable interference threshold of the Aquarius, 

HYDROS and SMOS sensors. 

6.4.4.2 Aggregate 

The interference calculations assuming the specification values of unwanted emission level 

(–53 and –43 dB(W/27MHz) for PDC and IMT-2000, respectively) show that the interference level 

from the mobile stations in the mobile services exceeds around 12 to 20 dB compared with the 

permissible interference criteria in Recommendation ITU-R RS.1029-2 depending on the type of 

passive sensor and the deployed mobile services. The interference calculations assuming the 

measured values of unwanted emission level (–60.0 and –56.5 dB(W/27MHz) for PDC and 

IMT-2000, respectively) show that the interference level exceeds around -1.5 to 13 dB compared 

with the protection criteria in Recommendation ITU-R RS.1029-2 depending on the type of passive 

sensor and the deployed mobile services.  

However, it must be noted that a measured unwanted emission level used in the study for the PDC 

and IMT-2000 system is derived from limited small number of sample values. In addition, for the 
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IMT-2000 system, the measured unwanted emission level is obtained from the IMT-2000 mobile 

stations in the 2 GHz band (i.e., not in the 1.4 GHz band). Therefore, some uncertainty should be 

taken into account to these results associated with such assumptions in this study. 

The conditions presented below should increase the interference level. 

a) The model used for calculation does not consider all the cellular systems in the concerned 

frequency band. More mobile stations make the interference level increased. 

b) Areas just outside of the main beam of measuring sensor are not considered. Only the main 

beam area is considered. 

c) Other potential mobile service(s) outside one country within the square of 10 000 000 km2 

area are not considered. 

6.5 Mitigation techniques 

6.5.1 EESS (passive) 

Decreasing the unwanted level by a large amount from a single mobile phone carrier may not be 

expected as the EESS band is within the spurious domain of the most adjacent mobile phone carrier, 

while other conditions that could compensate for the excess percentage of time and excess level 

cannot be realistically expected. Therefore, it is very unlikely that the mobile service will comply 

with the EESS protection criterion. 

6.5.2 Mobile service 

A greatest frequency offset between the centre frequency and edges of the passive band could stand 

for a possible mitigation technique. 

Adding the filtering device or upgrading filtering attenuation may decrease unwanted emission level 

by mobile phones. 

6.5.3 Potential impact 

6.5.3.1 EESS (passive) 

The current and future passive sensors used in the concerned frequency bandwidth are not able to 

discriminate between targeted natural emissions and untargeted man made emissions. Therefore, 

there is a risk of corrupted measurements from several areas. The unusable measurement data could 

adversely impact international partnership initiatives that produce comprehensive global, regional, 

or national data that satisfies information needs for the environment and supports scientific 

measurement programmes on the environment. 

6.5.3.2 Mobile service 

If the new and/or more stringent unwanted emission limits are applied, new development and 

replacement will be required. Especially, to add the filtering device or to upgrade filtering 

attenuation, which impacts on the size and power consumption efficiency of mobile station, will be 

an undue constraint in light of market demand for low cost and small size for MS user terminals. 

6.6 Results of studies 

6.6.1 Summary 

This study addressed compatibility between EESS (passive) in the 1 400-1 427 MHz band and 

mobile services in the 1 429-1 452 MHz band. The compatibility studies assuming the specified 

values of unwanted emission level (–53 and –43 dB(W/27MHz) for PDC and IMT-2000, 

respectively) show that the interference level from the mobile stations in the mobile services 
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exceeds around 12 to 20 dB compared with the protection criteria in Recommendation ITU-R 

RS.1029-2 depending on the type of passive sensor and the deployed mobile services. The 

compatibility studies assuming the measured values of unwanted emission level (–60.0 and 

–56.5 dB(W/27MHz) for PDC and IMT-2000, respectively) show that the interference level 

exceeds around –1.5 to 13 dB compared with the protection criteria in Recommendation ITU-R 

RS.1029-2 depending on the type of passive sensor and the deployed mobile services. 

However, it must be noted that a measured unwanted emission level used in the study for the PDC 

and IMT-2000 system is derived from limited small number of sample values. In addition, for the 

IMT-2000 system, the measured unwanted emission level is obtained from the IMT-2000 mobile 

stations in the 2 GHz band (i.e., not in the 1.4 GHz band). Therefore, some uncertainty should be 

taken into account to these results associated with such assumptions in this study. 

6.6.2 Conclusions  

The following conclusions should be noted:  

– The study adopting specification values of unwanted emission level (–53 dB(W/27 MHz) 

for the PDC system and –43 dB(W/27 MHz) for the IMT-2000 system) shows excess level 

(around 12 to 20 dB) from permissible interference power levels of EESS (passive). 

Limiting MS terminals unwanted emission to such levels may not place undue constraints 

on such MS systems. 

– The study adopting measured value (–60 dB(W/27MHz)) for the PDC system still exceeds 

permissible interference power levels of EESS (passive) by around 9 to 13 dB. The study 

adopting measured value (–56.5 dB(W/27MHz)) for the IMT-2000 system does not exceed 

permissible interference power levels of EESS (passive) in some cases. However, it should 

be noted that all mobile stations are manufactured to satisfy the values in the specification, 

i.e., not to satisfy the measured values used in this study. There is no guarantee that all 

mobile stations can achieve these measured unwanted emission levels in every scenario. 

– Limiting MS terminals unwanted emission levels to the value of –73 dB(W/27MHz) for the 

PDC system and –59 dB(W/27MHz) for the IMT-2000 system in this band could satisfy 

permissible interference power levels of EESS (passive) in this study but will impose undue 

constraints on the MS. 

– Adoption of sufficient frequency separation between the EESS (passive) band and the 

mobile service band, and addition of MS terminal filtering may be possible mitigation 

techniques, however, implementation of these mitigation techniques in order to provide full 

protection of EESS (passive) will impose undue constraints on mobile stations of cellular 

systems. 

– Limiting MS unwanted emission levels to the value of –60 dB(W/27MHz) in this band 

could provide adequate protection of EESS (passive) in some cases but will impose undue 

constraints on the MS. However, unwanted emission levels at the –43 dB(W/27 MHz) 

specification would not place any new constraints on such systems but could cause 

unacceptably high levels of interference to the EESS (passive). 

– No studies have been performed with respect to unwanted emission of aeronautical mobile 

telemetry systems in the frequency band 1 429-1 452 MHz. 
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7 Compatibility analysis between the EESS (passive) in the 23.6-24 GHz band and the 

ISS in the 22.55-23.55 GHz band 

7.1 EESS (passive) 

7.1.1 Allocated band 

The band 23.6-24 GHz is allocated to the EESS (passive), RAS and SRS (passive). It should be 

noted that the band 23.6-24 GHz is covered by RR No. 5.340. The allocations adjacent to the 

23.6-24 GHz passive band are shown in Table 7-1. 

7.1.2 Application 

Passive measurements around frequencies 23.8 GHz (total water vapour content), 31.5 GHz 

(window channel) and 90 GHz (liquid water) provide auxiliary data which play a predominant role 

in the retrieval process of temperature measurements performed in the O2 absorption spectrum. 

These auxiliary measurements must have radiometric and geometric performances and availability 

criteria consistent with those of the temperature measurements. 

TABLE 7-1 

Adjacent band allocations 

Services in lower allocated bands Passive band 
Services in upper  

allocated band 

22.55-23.55 GHz 23.55-23.6 GHz 23.6-24 GHz 24-24.05 GHz 

FIXED 

INTER-SATELLITE 

MOBILE 

 

5.149 

FIXED 

MOBILE 

EARTH EXPLORATION-

SATELLITE (passive) 

RADIO ASTRONOMY 

SPACE RESEARCH (passive) 

5.340 

AMATEUR 

AMATEUR-SATELLITE 

 

 

5.150 

NOTE 1 – The Inter-satellite allocation could be used for GSO and non-GSO systems. 
 

7.1.3 Required protection criteria 

Recommendation ITU-R RS.1029-2 provides the interference criteria for satellite passive remote 

sensing. 

The criteria, which are applicable to measurements, are the following: 

– the first criteria is the maximum permissible interfering power received by the EESS sensor 

from all potentially interfering sources. This interference threshold is –166 dBW in a 

reference bandwidth of 200 MHz; 

– the second one is the maximum tolerable proportion of measurement cells lost due to 

interference. 

The proportion of measurement cells lost due to interference should not exceed 0.01%. This frequency 

of occurrence limit is valid for mechanically scanned and push-broom Nadir sounders and for conical 

scanners. For 0.01% level, the measurement area is a square on the Earth of 2 000 000 km2, unless 

otherwise justified. 
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7.1.4 Operational characteristics 

7.1.4.1 Conically scanned instruments 

Main characteristics of typical mechanically scanned sensors are given in Table 7-2. 

TABLE 7-2 

Typical characteristics of conically scanned sensors 

Channel 23.6-24 GHz 
MEGHA-

TROPIQUES 
AMSR-E AMSR CMIS 

Channel bandwidth (MHz) 400 400 400 400 

Pixel size across track (km) 38.7 17.6 10 14.2 

Beam efficiency (%) 96 97 96 98 

Incidence angle i at footprint centre 

(degrees) 

52.3 55 55 53.6 

Altitude of the satellite (km) 817 705 52 828 

Maximum antenna gain (dBi) 40 48 48 52 

Reflector diameter 

Antenna gain pattern 

0.6 m 

Fig. 7-2 

1.6 m 

Fig. 7-3 

2.0 m 

Fig. 7-4 

2.2 m 

Fig. 7-5 

Half power antenna beamwidth 

3 dB (degrees) 

1.8 0.9 0.5 0.7 

Pixel surface (km2) 1 926 425 132 264 

 

The pixel size across track is computed from the –3 dB contour of the antenna pattern taking into 

account the satellite altitude and the incidence angle of the beam boresight. 

It is important to note that those kinds of EESS sensors are not Nadir pointing satellites, but EESS 

sensors having a conical scan configuration centred on the Nadir direction. It is important for the 

interpretation of surface measurements to maintain a constant ground incidence angle along the 

entire scan lines. The geometry of conically scanned instruments is described in Fig. 7-1. The 

rotation speed of the instrument (and not the satellite) varies between w  20 r.p.m. and 40 r.p.m. 

The configuration of conically scanned sensors is presented in Fig. 7-1. 

Figures 7-2 to 7-5 show the relative antenna gain pattern referred to the maximum gain of the 

MEGHA-TROPIC satellite and of the EOS AMSR-E, respectively. 
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FIGURE 7-1 

Configuration of a typical conically scanned microwave radiometer 

 

FIGURE 7-2 

Antenna gain pattern of the MEGHA-TROPIQUES 
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FIGURE 7-3 

Antenna gain pattern of the AMSR-E radiometer 

 

FIGURE 7-4 

Antenna gain pattern of the AMSR radiometer 
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FIGURE 7-5 

Antenna gain pattern of the CMIS radiometer 

 

7.1.4.2 Operational characteristics of Nadir instruments 

The Nadir passive sensors retained for this analysis are the AMSU, a mechanically scanned 

instrument cross-track around Nadir direction, and the push-broom vertical sounder. The push-

broom is a purely static instrument with no moving parts. The major feature of the push-broom is 

that all pixels in a scan-line are acquired simultaneously, and not sequentially as for mechanically 

scanned sensors (i.e. AMSU type), enabling to significantly increase the integration time and the 

achievable radiometric resolution. The push-broom incorporates one fixed data acquisition antenna 

pointing in direction of Nadir and one dedicated cold space calibration antenna. In the AMSU case, 

calibration is implemented once per scan revolution by the main antenna when looking in the cold 

space direction. The main characteristics of these sensors are given in Table 7-3. 

TABLE 7-3 

Nadir sensors’ characteristics 

Parameters 
AMSU-A 

(mechanically scanned) 

Push-broom 

(electronically scanned) 

Main antenna gain (dBi) 36 45 

Half power beamwidth at 3 dB (degrees) 3.3 1.1 

Pixel size across track (km) 48 16 

Measurement bandwidth (MHz) Variable Variable 

Polarization V H/V ? 

Sensor altitude (km) 850 850 

Inclination of the satellite (degrees) 98.8 98.8 

Orbital period (mn) 102 102 

Cold calibration antenna gain (dBi) 36 35 

Cold calibration angle (degrees re. satellite track) 90 90 
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TABLE 7-3 (end) 

Parameters 
AMSU-A 

(mechanically scanned) 

Push-broom 

(electronically scanned) 

Cold calibration angle (degrees re. Nadir 

direction) 

83 83 

Reflector diameter (m) 0.28 0.9 

Pixel surface (km2) 1 824 206 

 

The orbital configuration for these sensors is illustrated in Figs. 7-6 and 7-7. 

FIGURE 7-6 

Orbital configuration of the AMSU Nadir sounder 

(Orbital configuration of mechanically-scanned Nadir sounder) 
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FIGURE 7-7 

Orbital configuration of the push-broom Nadir sounder 

(Orbital configuration of push-broom passive sounder) 

 

The AMSU-A antenna pattern is presented in Fig. 7-8. The push broom antenna system is 

composed of about 90 individual beams each having a 45 dBi isotropic gain and about 1.1° half-

power beam width. The fan shaped composite pattern covers an angle of 100° (cross-track, 

symmetrical on each side of the satellite velocity vector). The fine structure of the antenna pattern is 

illustrated in Fig. 7-9 for the first 11 contiguous beams along one side on the cross track axis. Each 

beam is modelled using the reference antenna pattern of Recommendation ITU-R F.1245. 

FIGURE 7-8 

Antenna gain pattern of the AMSU radiometer 
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FIGURE 7-9 

Fine structure of the composite push-broom antenna pattern and discrimination 

 

Considering the antenna beam which is aiming at the interferer as the reference beam (0 dB), the 

numerical value of the discrimination provided by the individual patterns on the next 10 contiguous 

beams on each side of the reference beam is given in the Table 7-4. This parameter is important 

when considering interference produced by an interferer crossing the scanning plane of the passive 

sensor in case the interferer altitude is lower than the EESS orbit. 

TABLE 7-4 

Discrimination between contiguous antenna beams 

Beam Ref. 1 2 3 4 5 6 7 8 9 10 

Discrimination (dB) 0 –16.4 –23.9 –28.3 –31.4 –33.8 –35.8 –37.5 –38.3 –40.2 –41.4 

 

Because all beams are simultaneously activated and the discrimination between adjacent beams is 

not infinite, the consequence is that depending on its magnitude and on the geometric configuration, 

interference may affect simultaneously several contiguous beams. 

Annex 13 which deals with the compatibility analysis between active and passive bands around 

30 GHz shows that the usage of either the composite representation of the push-broom antenna or 

the detailed fine structure is equivalent. Therefore, for simplicity reason, it is proposed to use in the 

dynamic analysis the composite representation of the push broom antenna. 

7.2 Inter-satellite service 

7.2.1 Allocated transmit band  

The transmit band considered is the 22.55-23.55 GHz band (see Table 7-1). 



 Rep.  ITU-R  SM.2092-0 121 

7.2.2 Application 

The active service under consideration in this analysis is the ISS. Recommendation ITU-R S.1328 

contains satellite system characteristics to be considered in frequency sharing analyses between 

GSO and non-GSO satellite systems in the FSS including feeder links for the MSS. However, this 

Recommendation does not contain information on inter-satellite links. 

7.2.3 Representation of unwanted emission spectra 

The level of unwanted emissions from the active service into the EESS (passive) sensors is 

estimated by integrating the emission levels falling within the passive band. This integration is 

based on the active system operational parameters, and an unwanted emission mask for the active 

system based on the national regulations governing the system or Recommendation 

ITU-R SM.1541. 

7.2.4 Transmitter characteristics 

There are currently three operational satellite systems with inter-satellite links in the 

22.55-23.5 GHz band. 

7.2.4.1 Non-GSO satellite network HIBLEO 2 

The major characteristics of the HIBLEO-2/2FL non-GSO MSS satellite system are presented in 

Table 7-5. Its orbital configuration is described in Table 7-6. 

For the overall system, it is difficult to know how many channels operate continuously and 

simultaneously. The full loading of the system is very uneven, and there are multiple beams going 

in different directions for each satellite. In a normal operational mode, it can be reasonably assumed 

that no channels operate continuously. 

TABLE 7-5 

HIBLEO 2 system specifications 

System parameter Value 

Number of satellite planes 6 

Number of satellites per plane 11 

Nominal altitude 780 

Orbit type Circular polar (inclination angle of 86.5) 

Orbital period (mn) 100 

Frequency range (GHz) 23.183-23.377 

Necessary bandwidth for 8 channels 8  19 MHz channels (total bandwidth 194 MHz). 

The necessary bandwidth for one channel is 19 MHz. 

The channel spacing equals 25 MHz. 

Peak transmitter power (per 19 MHz channel) 3 dBW 

Antenna gain (one antenna per channel) 36.6 dBi 

e.i.r.p. (one single 19 MHz channel) 39.6 dBW 
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TABLE 7-6 

Mean anomalies for HIBLEO-2 satellites 

Plane 1 

Right ascending node Ω = 0 

Plane 2 

Right ascending node Ω = 31.6 

Plane 3 

Right ascending node Ω = 63.2 

Satellite Mean anomaly Satellite Mean anomaly Satellite Mean anomaly 

1 100.7752 12 83.1116 23 98.1752 

2 68.048 13 50.3844 24 65.448 

3 35.3207 14 17.6571 25 32.7207 

4 2.5934 15 344.9298 26 359.9934 

5 329.8661 16 312.2025 27 327.2661 

6 297.1389 17 279.4753 28 294.5389 

7 264.4116 18 246.748 29 261.8116 

8 231.6843 19 214.0207 30 229.0843 

9 198.9571 20 181.2935 31 196.3571 

10 166.2298 21 148.5662 32 163.6298 

11 133.5025 22 115.8389 33 130.9025 

 

Plane 4 

Right ascending node Ω = 94.8 

Plane 5 

Right ascending node Ω = 126.4 

Plane 6 

Right ascending node Ω = –22.1 

Satellite Mean anomaly Satellite Mean anomaly Satellite Mean anomaly 

34 80.5116 45 95.5752 56 77.9116 

35 47.7844 46 62.848 57 45.1844 

36 15.0571 47 30.1207 58 12.4571 

37 342.3298 48 357.3934 59 339.7298 

38 309.6025 49 324.6661 60 307.0025 

39 276.8753 50 291.9389 61 274.2753 

40 244.148 51 259.2116 62 241.548 

41 211.4207 52 226.4843 63 208.8207 

42 178.6935 53 193.7571 64 176.0935 

43 145.9662 54 161.0298 65 143.3662 

44 113.2389 55 128.3025 66 110.6389 

 

The inter-satellite link antenna gain pattern of HIBLEO-2 is presented in Fig. 7-10. 
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FIGURE 7-10 

Antenna gain pattern of HIBLEO-2 Inter-satellite link 

 

 

7.2.4.2 GSO satellite network TDRSS parametric characteristics of inter-satellite links 

Inter-satellite links are also provided over another system in this band. The National Aeronautics 

and Space Administration operates the tracking and data relay satellite system (TDRSS) that 

provides inter-satellite communications links between the geostationary TDRSS satellites and low 

earth orbiting satellites, including the space shuttle and the international space station.  

The tracking and data relay satellite system (TDRSS) uses GSO satellites to relay data, telemetry 

and commands between low earth orbiting satellites, including the space shuttle (STS) and the 

international space station (ISS), and a central earth station at White Sands, New Mexico in the 

United States of America, TDRSS satellites are located at 174° W (186° E) and 41° W (319° E). 

The second generation of TDRSS satellites (designated as TDRSS-H, I and J) operate inter-satellite 

links in the 22.55-23.55 GHz band to provide the forward link of its Ka-band single access service. 
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Each of these TDRSS satellites can support two such links, with each link provided through a 

separate, steerable high gain antenna on board the satellite. The following parameters are applicable 

for each link: 

– Necessary bandwidth = 50 MHz 

– EIRP = 71 dBW 

– Assigned frequency closest to passive band = 23.505 GHz 

– Peak antenna gain = 58 dBi. 

7.2.4.3 Data relay test satellite system 

Information about the inter-satellite link of the DRTS (data relay test satellite) system is addressed 

hereafter, as shown in Fig. 7-11. 

FIGURE 7-11 

DRTS system 

 

Figure 7-12 shows the DRTS forward ISS link spectrum. As shown, the EESS (passive) band is in 

the spurious domain of DRTS forward ISS link. 
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FIGURE 7-12 

Channels of DRTS forward ISS link 

 

Table II of RR Appendix 3 specifies that an attenuation value used to calculate maximum permitted 

spurious domain emission power levels for use with radio equipment is derived as 43 + 10 log (P), 

or 60 dBc, whichever is less stringent for the space services (space stations). Accordingly, the 

spurious attenuation levels of the ISS-link signals are provided in Table 7-7 as follows: 

TABLE 7-7 

Spurious attenuation 

 KSA forward data Beacon signal 

Attenuation level (dBc) 38.5(1) 59.8(2) 

(1)  43 + 10 × log (0.36 W) = 38.5 dBc (< 60 dBc) 

(2)  43 + 10 × log (48 W) = 59.8 dBc (< 60 dBc) 
 

Transmission characteristics of the DRTS satellite differ depending on which user satellite the 

DRTS communicates with. The Japanese Experiment Module (JEM) attached to the International 

space station is assumed to be the most appropriate user satellite for this analysis since the DRTS 

forward link is transmitted toward JEM at 23 GHz.  

The DRTS ISS forward signals transmitted in the 22.55-23.55 GHz band are a total of two signals 

of KSA forward data and the beacon signal as shown in Fig. 7-12. These signals are transmitted for 

a total of 8 h per day while the JEM is visible from the DRTS satellite. 

Information about the DRTS forward link when communicating with JEM is in Table 7-8. 



126 Rep.  ITU-R  SM.2092-0 

TABLE 7-8 

DRTS satellite system specifications (ISS forward link to JEM) 

System parameter Forward data Beacon signal 

Number of satellites 1 

Nominal altitude 35786 

Orbit type GEO 

Frequency range 23.37-23.40 GHz 23.54 GHz 

Necessary bandwidth for data channels 30 MHz No modulation 

0.004 MHz 

(reference bandwidth in 

RR Appendix 3) 

Peak transmitter power  –4.4 dBW  16.8 dBW 

Antenna gain (including feeder loss) 55.1 dBi 20.8 dBi 

e.i.r.p.  50.7 dBW 37.6 dBW 

 

The DRTS forward data and beacon signal are transmitted by different antennas. Figure 7-13 shows 

the DRTS ISS antenna gain pattern for the forward data transmission. The beam width is as sharp as 

0.23° at a –3 dB gain drop.  

Figure 7-14 shows the pattern of the DRTS beacon antenna, which has broad beam width being 

used as a tracking aid. 

FIGURE 7-13 

DRTS ISS antenna gain pattern for forward data 
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FIGURE 7-14 

DRTS beacon antenna gain pattern 

 

7.3 Compatibility interference criteria 

Interference is potentially received from several sources from multiple services simultaneously. 

The value listed in Recommendation ITU-R RS.1029-2 (for a specific band) is the maximum 

permissible interference level for the passive sensor from all sources of interference. This 

compatibility level of –166 dBW in any bandwidth of 200 MHz should be used for the band 

23.6-24 GHz. 

7.4 Interference assessment 

Dynamic simulations were conducted to determine the impact of unwanted emissions from 

inter-satellite links in the HIBLEO-2 and TDRSS systems into the passive sensors described in 

§ 7.1.4. In addition semi-static analyses were done for the Hibleo-2 and DARTS satellite systems. 

7.4.1 Semi-static analyses 

7.4.1.1 Semi-static interference analysis of HIBLEO-2 

The chart in Fig. 7-15 illustrates a worst case configuration involving one HIBLEO-2 19 MHz 

channel. Only the Nadir beam of the data acquisition antenna is considered. The amount of 

interfering power received may vary depending on the sensor antenna beam considered and on the 

orientation of the ISS antenna. 
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FIGURE 7-15 

Configuration used for the dynamic analysis 

(co-frequency case, one HIBLEO-2 19 MHz channel) 

 

Depending on the geocentric distance between the ISS and the EES orbits, three interfering events 

are occurring: 

– At 0° angular distance between the two orbits, the Nadir beam of the data acquisition 

antenna is aiming at the ISS antenna. Interfering path ISS antenna far lobes to one push-

broom antenna beam is established. The interference level produced by one ISS channel is 

57.6 dB above threshold. It is proportional to the number of transmitting channels activated 

on the ISS satellite. Because the discrimination between adjacent beams is not infinite (see 

Table 7-4), all antenna beams are affected by interference. 

 Because all beams of the data acquisition antenna are permanently activated, similar 

situation exists for all of them within angular distances ± 10.25° between the two orbits. 

– Around angular distance 6° between the two orbits, the cold space calibration antenna is 

aiming close to the ISS. The interference level is 33.7 dB above threshold. In such situation, 

all sounding data acquired by the sensor are invalidated. 

– Around angular distance 47° between the two orbits, the EES is in the main-lobe of the ISS 

antenna. Interfering path ISS antenna main-lobe to push-broom antennas far lobes is 

established. The worst interference level (cold space calibration antenna) is 21.2 dB above 

threshold. All sounding data are invalidated. 

The dynamic analysis should carefully consider each specific situation. In all cases, each beam 

which is contaminated by interference counts for one interfering event. 

7.4.1.2 Semi-static analysis by DRTS to conically scanned sensor (including the attenuation 

evaluation of umwanted emission) 

A semi-static analysis is performed to check if the EESS (passive) sensor receives the threshold 

level given in § 7.3. The results are shown in Fig. 7-16 for MEGHA, AMSR-E, AMSR, and CMIS 

sensors.  



 Rep.  ITU-R  SM.2092-0 129 

As the figure shows, the power received by the conically scanned sensors from the DRTS ISS 

forward link does not exceed the threshold level at any geocentric distance between the EESS 

sensor and DRTS satellite.  

FIGURE 7-16 

Power received by the conically scanned sensors (semi-static analysis) 

 

7.4.1.3  Semi-static analysis by DRTS to Nadir sensor (including the attenuation evaluation 

of unwanted emissions) 

The sensor antenna does not point towards the DRTS satellite because the angle with respect to the 

direction of the Nadir sensor field of view is  50° as given in Figs. 7-6 and 7-7. 

The Nadir direction of the cold space calibration antenna is 83° as given in Table 7-3, making the 

calibration antennas more vulnerable than the sensor antennas. 

Besides, judging from the Nadir sensor beam patterns of the AMSU-A and the push-broom, the 

push-broom sensor receivers receive more interference from the DRTS satellite than the AMSU-A 

sensor. Therefore, the push-broom sensor is to be chosen for this analysis as representative of the 

Nadir sounder. 

The results of the semi-static analysis, with respect to the interference power level, are shown in 

Fig. 7-17. 

The impact of interference to the sensor has been assessed for the DARTS system considering both 

the scanning and calibration modes of the sensor. Although the interference criteria was not 

exceeded for either mode, the calibration mode was identified as being more vulnerable and may 

warrant further analysis. 
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FIGURE 7-17 

Power received by the push-broom sensor (semi-static analysis) 

 

One interference scenario occurs when the DRTS ISS antenna directs towards the Nadir calibration 

antenna. This scenario occurs when the geocentric distance between the sensor and DRTS satellite 

is from 85° to about 90°. In this case, the excess level above the interference threshold for the 

push-broom sensor is calculated as 23.7 dB.  

Table 7-9 shows the minimum off-axis angle of the EESS calibration antenna when the unwanted 

emissions of the DRTS satellite into the push-broom sensor exceed the interference threshold of 

–166 dB(W/200 MHz). When the angle between the direction of the calibration antenna and the 

direction of the DRTS satellite link is greater than 4.91°, the interference level does not exceed the 

criteria threshold level. 

TABLE 7-9  

Link budget 

Parameters Values 

Total e.i.r.p. of DRTS in the worst 200 MHz in the band  

23.6-24 GHz (dBW) 
31.40 

Free space loss (dB) 212.40 

Off-axis angle of the EESS calibration antenna (degrees) 4.91 

EESS calibration antenna gain (dBi) 14.98 

Power received by the EESS calibration antenna –166.0 
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A semi-dynamic simulation is conducted to determine the probability of occurence when the angle 

between the calibration antenna and DRTS satellite becomes greater than 4.91°, using a time 

increment of 2 s during 9 days (EESS orbital period). This step is sufficiet for the simulation 

because the time step of 2 s corresponds to 0.000257% of 9 days, which is smaller than the 

threshold 0.01%. 

The results of this simulation show that there is no occurence of time when the angle between the 

direction of the calibration antenna and the direction of the DRTS satellite link becomes less than 

5.9°, hence it is always greater than 4.91°. Therefore, the DRTS ISS link in the 23 GHz band 

satisfies the interference criteria of the EESS (passive) in the 23.6-24 GHz band. 

7.4.2 Dynamic analyses 

7.4.2.1 HIBLEO-2 simulation model and results methodology used to assess interference 

level 

Two dynamic simulations were considered. One simulation simulated interference from the 

HIBLEO-2 system to the AMSU-A, AMSR-E and CMIS passive sensors. The other considered 

interference into a push-broom passive sensor. 

7.4.2.1.1 Simulation for AMSU-A, AMSR-E and CMIS passive sensors 

Figure 7-18 illustrates the Iridium deployment model used in this simulation. Based on the national 

regulations applicable to the HIBLEO-2 system, integrating the unwanted emission mask over the 

lowest 200 MHz of the EESS (passive) band yields an unwanted emission transmit power of 

–32.8 dB(W/200 MHz), and a corresponding unwanted emission EIRP of 3.8 dB(W/200 MHz). 

At each time step, interference calculations are performed for each of four possible inter-satellite 

links from the HIBLEO-2 satellite. Simulations for this deployment model were conducted for 

2 000 000 km2 measurement areas in North America between 32.524° N and 45.476° N and 

between 89.966° N and 106.034° W as illustrated in Fig. 7-18. 
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FIGURE 7-18 

HIBLEO-2 deployment model 

 

Simulations were run to produce CDFs over a simulation run of 16 days with a 200 ms step size 

when the passive sensor was able to sample points within the measurement area. The CDF of the 

interference from the Iridium inter-satellite links into the passive sensor in the 23.6-24.0 GHz band 

is presented in Fig. 7-19. It should be noted that the levels of interference received by the passive 

sensor from the HIBLEO-2 system unwanted emissions do not exceed the permissible interference 

criteria of Recommendation ITU-R RS.1029-2. 
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FIGURE 7-19 

Interference CDF with HIBLEO-2 

 

Additional simulation runs were produced to examine a hypothetical situation when the HIBLEO-2 

orbit altitude is assumed to be same as the passive sensor orbit altitude. Figure 7-20 shows this 

hypothetical case assuming AMSU-A and HIBLEO-2, AMSR-E and HIBLEO-2, and CMIS and 

HIBLEO-2 have the same orbit altitude. It should be noted that the levels of interference received 

by the passive sensor do not exceed the permissible interference criteria of Recommendation ITU-R 

RS.1029-2. 
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FIGURE 7-20 

Interference CDF with HIBLEO-2 at the same altitude as the passive sensor altitudes 

 

7.4.2.1.2 Dynamic simulation for a push-broom passive sensor 

The following Fig. 7-21 shows the result of a dynamic simulation for a single where one 

constellation HIBLEO-2 within only one active channel is in operation. According to the 

characteristics of HIBLEO-2, the bandwidth of one active channel is 19 MHz. The time increment 

selected for the present simulation is 0.5 2 s in order to get sufficient accuracy.  

The EES orbit parameters used for the simulation (altitude, inclination and period) are those given 

in the Table 7-3 and the push broom sensor is used within the proposed dynamic simulation. 

The ISS constellation orbit parameters are given in Tables 7-5 and 7-6. 

All the results are expressed using a co-frequency approach. Afterwards, the attenuation provided 

by the Recommendation ITU-R SM.1541 should be applied, as no other method is currently 

proposed. However, due to the calculations performed within the Appendix of Annex 1, it should be 

emphasized that the mask provided by Recommendation ITU-R SM.1541 for MSS and FSS 

systems is unrealistic since it significantly overestimates the unwanted emission power. 

The dynamic simulation based on the HIBLEO-2 constellation is based upon a simple assumption: 

each satellite tries to communicate with the nearest four within the constellation. 

However, this dynamic simulation does not take into account the effect described in § 7.1.4.2 about 

the discrimination provided by the antenna pattern of the push broom composite antenna gain, as 

this dynamic simulation considers the push broom antenna in its composite form.  
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FIGURE 7-21  

Cumulative distribution resulting from the dynamic analysis between HIBLEO-2  

and a passive sensor push broom type 

 

TABLE 7-10 

Dynamic analysis between one inter-satellite link of the non-GSO 

system HIBLEO-2 and one EESS sensor push-broom type 

Cumulative distribution (%) 0.0021 0.01 0.10 1.30 2 160 

Push-broom: corresponding interference 

power received by EESS (dBW) within a  

(200 MHz reference bandwidth) 

–111 –117 158 –164 –166 –178 

 

According to Table 7-10, there is a high probability that the EESS satellite experiences interference 

when the inter-satellites links are in operation (the amount of data contaminated by interference is 

above the threshold required). 

For a cumulative distribution of 0.01%, corresponding to the percentage of time or area the 

interference threshold may be exceeded, the interfering power indicated in Table 7-10 is –117 dBW 

for a 200 MHz reference bandwidth of the passive sensor of 200 MHz. However, as the active 

system is transmitting within a bandwidth of 19 MHz only, it would imply that the threshold is 

exceeded by a factor of P 166 – 117 = 49 dB. 

These results, in particular the 49 dB excess above threshold for 0.01% were obtained with the 

HIBLEO-2 system described in the Table 7-4, assuming that one transmitting channel yields a total 

EIRP of 39.6 dBW within the passive band.  

These values are to be compared with the level of 57.6 dB above threshold determined in the 

semi-static analysis, when one unique 19 MHz transmitting channel radiating 40.2 dBW is 

considered. 
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Therefore the maximum value applicable to a constellation similar to Hib-Leo2 (provisional) to be 

adopted for further consideration is in the co-frequency case when applying the technical appendix 

of the methodology in § 2.3: 

e.i.r.p. (one channel) = –9.4 dBW (39.6 dBW –49 dB) when one link of the ISS  

constellation is in full operation on a 200 MHz reference bandwidth 

The current dynamic analysis assumes that only one constellation will be in operation within the 

frequency band indicated in Table 7-5: the aggregation issue has not been considered. However, it 

is to be noted the aggregation of multiple constellations will have an impact on the result of the 

compatibility analysis. 

If the unwanted emission power radiated within the passive band by one single satellite similar to 

one in the HIBLEO-2 system does not exceed –9.4 dBW for a reference bandwidth of 200 MHz, 

compatibility would be achieved.  

7.4.2.1.2.1 Attenuation provided by Recommendation ITU-R SM.1541 and RR 

Appendix 3 

If the following chart (see Fig. 7-22) shows the attenuation provided through the usage of 

Recommendation ITU-R SM.1541 for a bandwidth of 19 MHz. It is assumed that one single 

channel is activated. One considers a single active channel with an emission power of 3 dBW on a 

19 MHz necessary bandwidth, the passive band will belong to its spurious domain. 

Hence, the required attenuation is given by the RR Appendix 3 and is equal to the less stringent 

value between 43 + 10 log (P) or 60 dBc in a 4 kHz reference bandwidth in the special case of 

space services. 

It results an absolute value for the spurious power within the passive band of 3 – (43 + 3) = 

–43 dBW in a 4 kHz reference bandwidth. This value will be 4 dBW in a 200 MHz reference 

bandwidth.  

It remains a shortage of 50 dB (4 – (–9.4 – 36.6)) to protect EESS from HIBLEO-2. 

Nevertheless, it is generally well known that current regulatory limits for the spurious emissions are 

too important in some cases. It is particularly the case in this study.  

It is then expected that unwanted emission will present a roll off aspect higher than those required 

by Recommendation ITU-R SM.1541 and RR Appendix 3. 

Therefore, it is then proposed to apply the formula (3) in § 7.1.1.1.2 described in the technical 

appendix to the methodology in § 2.3 considering that unwanted emission mask provided by 

Recommendation ITU-R SM.1541 is available in the passive band. The unwanted emission domain 

mask is not limited to 250% of the necessary bandwidth and is extended within the passive band. 

It results from this assumption that the required attenuation within the passive band has to be greater 

than: 

  











N

ref

B

B
PC

2
log10 = 59 dBsd,  

with:  

 Bref2 = 200 MHz  

 BN = 19 MHz. 

Using this methodology, the computed attenuation equals 49.7 dBsd if the ISS HIBLEO-2 active 

channel is closer to the EESS (passive) band (with f0 = 23.367 GHz) or 57.4 dBsd if the ISS 

HIBLEO-2 active channel is further to the EESS (passive) band (with f0 = 23.192 GHz). It is to be 
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noted that this computation does not contain any post modulation filtering which is generally 

always the case. Therefore, it is expected that the unwanted emission is attenuated at least down to 

–59 dBsd within the passive band 23.6-24 GHz, which is enough to ensure the compatibility. 

7.4.2.2 TDRSS simulation model and results 

Figure 7-23 illustrates the TDRSS deployment model with the TDRSS satellites at 174° W (186° E) 

and 41° W (319° E). Based on the national regulations applicable to the TDRSS system, integrating 

the unwanted emission mask over the lowest 200 MHz of the EESS (passive) band yields an 

unwanted emission transmit power of –20.3 dB(W/200 MHz). 

The simulation includes other satellites that could be served by the TDRSS forward links. For the 

purpose of this simulation, these satellites include the space shuttle, the international space station, 

and a constellation of 20 satellites in randomly distributed orbits. At each time step, interference 

calculations are performed for each of four possible inter-satellite links from a TDRSS satellite to 

the space shuttle, the international space station, and the two closest satellites of the 20 satellite 

constellation. At each time step, the interference levels from the two links to each TDRSS satellites 

producing the highest interference level into the passive sensor are combined to calculate the 

interference from the inter-satellite links of that TDRSS satellite. This TDRSS simulation model 

was run for the AMSU-A, AMSR-E and CMIS passive sensors. 

FIGURE 7-22 

TDRSS deployment model 

 

Simulations for this deployment model were conducted for 2 000 000 km2 measurement areas in 

North America between 32.524° N and 45.476° N and between 89.966° W and 106.034° W as 

illustrated in Fig. 7-23. Simulations were run to produce CDFs over a simulation run of 16 days 

with a 200 ms step size when the .passive sensor was able to sample points within the measurement 

area. The CDF of the interference from the TDRSS inter-satellite links into the AMSU-A, AMSR-E 

and CMIS passive sensors in a 200 MHz reference bandwidth is presented in Fig. 7-24. It should be 

noted that the levels of interference received by the passive sensors from TDRSS unwanted 
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emissions do not exceed the permissible interference criteria of Recommendation ITU-R 

RS.1029-2. 

FIGURE 7-23 

Interference CDFs 

 

7.4.3 Summary of study results 

One set of studies dynamic simulations were conducted for the non-GSO HIBLEO-2 and the GSO 

TDRSS and DRTS systems in the ISS and several types of current passive sensors in the EESS 

(passive). These simulations indicate that the aggregate EESS (passive) permissible interference 

criteria of Recommendation ITU-R RS.1029-2 will be satisfied for current sensors. Consequently, 

no mitigation techniques need to be applied to either the active or passive service in order to 

achieve compatibility. 

Another study indicated that if the unwanted emission power radiated in the passive band by one 

single satellite similar to one of the HIBLEO-2 system does not exceed –9.4 dBW in a reference 

bandwidth of 200 MHz, compatibility would be achieved for future passive sensor. The HIBLEO-2 

studies have been based on some but not all of the characteristics of the system, and assume that it 

is operating 100% of the time at full capacity. In practice the HIBLEO-2 capacity varies a great deal 

in regards to time of day and in regards to different parts of the world. This unwanted eirp within 

the passive band can be mitigated through the application of an unwanted emission mask and a post 

modulation filtering.  
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7.5 Mitigation techniques 

7.5.1 EESS (passive) 

Current and future passive sensors integrate the signal received at the satellite and it is not possible 

to differentiate between the natural and the artificial emissions. For current passive sensors, no 

mitigation techniques need to be applied since the permissible interference criteria specified in 

Recommendation ITU-R RS.1029-2 are not exceeded. However, for future push broom passive 

sensors, there is risk of getting corrupted measurements from several areas that may impact reliable 

weather forecasts over the world. 

7.5.2 ISS 

Currently operational ISS systems are compatible with current passive sensors without the need for 

any additional mitigation. However, for future passive sensors, the analyses have shown that the 

required overall attenuation to protect the passive band can be easily met by active services. 

Therefore no specific mitigation techniques are need. 

7.5.3 Potential impact 

7.5.3.1 EESS (passive) 

No adverse impact on the EESS (passive) is expected since the EESS (passive) interference criteria 

are satisfied by currently operational ISS systems. 

7.5.3.2 ISS 

No adverse impact on the EESS (passive) is expected since no mitigation techniques need to be 

applied to currently operational ISS systems in order to satisfy the EESS (passive) interference 

criteria. 

7.6 Conclusions 

7.6.1 Summary 

Dynamic simulation analyses were conducted to estimate the expected levels of interference caused 

to several types of curent and planned passive sensors operating in the 23.6-24 GHz band from 

unwanted emissions from the inter-satellite links of the non-GSO HIBLEO-2, the GSO TDRSS and 

the GSO DRTS systems, all of which are currently operational. 

The simulations of the TDRSS and DRTS systems indicate that the permissible interference criteria 

of Recommendation ITU-R RS.1029-2 will be satisfied for all the passive sensors. 

The simulations of the HIBLEO-2 systems indicate that the permissible interference criteria of 

Recommendation ITU-R RS.1029-2 will be satisfied for current passive sensors such as the conical 

scan AMSR-E and the Nadir scan AMSU-A passive sensors. However, for future passive sensors 

such as a push-broom sensor, the study shows that an unwanted emission level of e.i.r.p. of 

–9.4 dB(W/200 MHz) of a HIBLEO-2 type system in the 23.6-24 GHz band would satisfy the 

permissible interference criteria of Recommendation ITU-R RS.1029-2, and this level of 

attenuation can be easily met by the ISS. 

7.6.2 Conclusions 

Some dynamic simulations conclude that the aggregate EESS (passive) permissible interference 

criteria of Recommendation ITU-R RS.1029-2 will be satisfied by the ISS systems studied, and that 

no mitigation techniques or regulatory measures are required. 
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Other studies conclude that, taking into account the results of the different simulations and their 

corresponding attenuation assessment, an unwanted emission level of e.i.r.p. of 

–9.4 dB(W/200 MHz) for ISS links having antenna gains less than 55 dBi and transmitting data 

(withmodulated carrier) in the 23.6-24 GHz band is necessary to achieve compatibility. It is to be 

noted that this eirp level can easily be met by the ISS and does not imply any further constraint on 

the ISS systems. 

8 Compatibility analysis between the EESS (passive) in the 31.3-31.5 GHz band and the 

FSS (Earth-to-space) and the MSS (Earth-to-space) in the 30-31 GHz band 

8.1 EESS (passive) 

8.1.1 Allocated band 

The band 31.3-31.5 GHz is allocated to the EESS (passive), RAS and SRS (passive). It should be 

noted that the band 31.3-31.5 GHz is covered by RR No. 5.340. The allocations adjacent to the 

31.3-31.8 GHz passive bands are shown in Table 8-1. 

TABLE 8-1 

Adjacent band allocations 

Space services in 

lower allocated band 

Services in lower 

allocated band 
Passive band 

Services in upper 

allocated band 

30-31 GHz 31-31.3 GHz 31.3-31.5 GHz 31.5-31.8 GHz 

FIXED-SATELLITE 

(Earth-to-space) 

 

MOBILE-

SATELLITE (Earth-

to-space) 

 

Standard frequency 

and time signal-

satellite  

(space-to-Earth) 

 

 

 

 

 

 

 

 

5.542 

FIXED 

 

MOBILE 

 

Standard frequency 

and time signal 

satellite 

(space-to-Earth) 

 

Space research 5.544 

5.545 

 

 

 

 

 

 

 

 

5.149 

EARTH 

EXPLORATION-

SATELLITE (passive) 

 

RADIO ASTRONOMY 

 

SPACE RESEARCH 

(passive) 

 

 

 

 

 

 

 

 

 

 

 

5.340 

EARTH EXPLORATION-

SATELLITE (passive) 

 

RADIO ASTRONOMY 

 

SPACE RESEARCH 

(passive) 

 

Fixed (Regions 1 and 3) 

 

Mobile except aeronautical 

mobile (Regions 1 and 3) 

 

 

 

5.149  5.546 (Region 1) 

 

5.340 (Region 2) 

 

5.149 (Region 3) 

 

8.1.2 Application 

Passive measurements around frequencies 23.8 GHz (total water vapour content), 31.5 GHz 

(window channel) and 90 GHz (liquid water) provide auxiliary data which play a predominant role 

in the retrieval process of temperature measurements performed in the O2 absorption spectrum. 



 Rep.  ITU-R  SM.2092-0 141 

These auxiliary measurements must have radiometric and geometric performances and availability 

criteria consistent with those of the temperature measurements. 

8.1.3 Required protection criteria 

Recommendation ITU-R RS.1029-2 provides the interference criteria for satellite passive remote 

sensing. The permissible interference power received by the EESS sensor from all interfering 

sources is –160 dBW in a 200 MHz reference bandwidth for current passive sensors, and 

–166 dBW in a 200 MHz reference bandwidth for future passive sensors, with a data availability of 

99.99% according to Recommendation ITU-R RS.1028-2. The corresponding measurement area is 

a square on the Earth of 2 000 000 km2, unless otherwise justified. 

8.1.4 Operational characteristics 

The current and future passive sensors in the 31.3-31.5 GHz band considered in these studies are 

Nadir scanning, with the scanning being accomplished mechanically by current passive sensors and 

electronically by future push-broom passive sensors. The main characteristics of these sensors are 

given in Table 8-2. 

TABLE 8-2 

Nadir sensor characteristics 

Parameters 

AMSU-A 

(mechanically 

scanned) 

Push-broom 

(electronically 

scanned) 

Main antenna gain (dBi) 36 45 

Half power beamwidth at 3 dB (degrees) 3.3 1.1 

Number of beams 1 101 

Off-Nadir beam pointing (degrees) ±48.335 in 31 steps ±50 

Pixel size across track (km) 45 16 

Interference threshold density (dB(W/100 MHz)) –160 –166 

Sensor altitude (km) 850 850 

Orbit inclination (degrees) 99 98 

Cold calibration antenna gain (dBi) 36 35 

Cold calibration angle (degrees relative to satellite track) 90 90 

Cold calibration angle (degrees relative to Nadir direction) 83 83 

Reflector diameter (m) 0.28 0.9 

Useful swath (km) 1 870 2 030 

 

The mechanically-scanned sensor (AMSU-A) has been in operation for several years and is the 

system presently in use. The AMSU sensor antenna completes one rotation about its axis, which is 

aligned with the satellite velocity vector, every 8 s. The sensor antenna main beam is pointed at a 

right angle from the axis of rotation so that the beam passes through the sub satellite point during 

each scanning cycle. During this cycle, the beam steps through 30 pointing angles evenly spaced 

between ±48.33° from Nadir in time steps of 200 ms to conduct measurements. Warm and cold 

calibration is performed during the remaining 2 s of the 8 s scan cycle. 

A “push-broom” sensor has been proposed that has fixed beams in a swath similar to the AMSU-A. 

The Nadir passive sensor retained for this analysis is the “push-broom” vertical sounder, because it 
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is the most vulnerable to interference. The “push-broom” is a purely static instrument with no 

moving parts. The major feature of the push-broom is that all pixels in a scan-line are acquired 

simultaneously, and not sequentially as for mechanically scanned sensors (i.e. AMSU type), 

enabling to significantly increase the integration time and the achievable radiometric resolution. 

The push-broom incorporates one fixed data acquisition antenna pointing in direction of Nadir and 

one dedicated cold space calibration antenna. 

The orbital configuration of this type of sensor is illustrated in Fig. 8-1. 

FIGURE 8-1 

Illustration of Nadir-scanned sensor and earth station interference geometry 

 

The antenna gain pattern for the AMSU-A sensor beam is provided in Fig. 8-2. The push-broom 

antenna system is composed of about 90 individual beams, and the fan-shaped composite pattern 

covers a cross-track angle of 100° centered on the sub-satellite point. Each beam has a 45 dBi 

isotropic gain and about 1.1° half-power beam-width. The antenna pattern of each beam is assumed 

to conform to Recommendation ITU-R F.1245-1. Figure 8-2 presents the antenna gain pattern for 

an individual beam as well as a composite pattern used to simplify the interference calculations in 

Simulation model No. 1. This composite pattern is an envelope of the peak gains of the individual 

beams along the sensor cross-track axis, and the individual beam pattern along the satellite flight 

direction axis. The fine structure of the antenna patterns of the first 11 contiguous beams along one 

side of the sensor cross-track axis is illustrated on Fig. 8-3. 
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FIGURE 8-2 

Antenna gain pattern of the AMSU radiometer  

Push broom (single beam)  

and push broom (composite cross track) 

 

FIGURE 8-3 

Antenna gain pattern of the push broom passive sensor 
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8.2 FSS and MSS 

8.2.1 Allocated transmit band 

Refer to Table 8-1. 

8.2.2 Application 

The active services under consideration in this section are the FSS uplink and MSS feeder links in 

the 30-31 GHz band. 

8.2.3 Representation of unwanted emission spectra 

8.2.3.1 Modulation filters 

Section 2, in particular the technical appendix in § 2.3, provides extensive information about the 

usefulness of the various representations of the unwanted emission spectra. 

8.2.3.2 Post-modulation filters 

8.2.3.2.1 ATHENA system filter characteristics 

The base band signals of the ATHENA system shall be square root raised cosine filtered (according 

to the digital video broadcasting satellite standard also called DVB-S). The roll-off factor shall be  

α = 0.35. fN is the Nyquist frequency: 

  






















































)1(0

)1()1()
2

sin(
2

1

2

1

)1(1

)(
2

1

N

NN
N

N

N

ff

fff
ff

f

ff

fH





 

The signal spectrum at the modulator output is attenuated down to –40 dB for f/fN > 2. 

Concerning the ATHENA system, it is to be noted that this system is currently under design. 

However, it is planned that a filter will be implemented within each earth station. Despite the fact 

that the actual specifications are not known at the moment, a minimum of about 30 dB attenuation 

within the passive band is expected. 

8.2.3.2.2 Other representations 

Section 2, in particular the technical appendix in § 2.3 provides the appropriate equations 

concerning the post modulation attenuation filters.  

8.2.4 Transmitter characteristics 

Transmitter characteristics for several systems considered in these studies were derived from 

Recommendation ITU-R S.1328-3 – Satellite system characteristics to be considered in frequency 

sharing analyses within the fixed-satellite service, between geostationary-satellite orbit (GSO) and 

non-GSO satellite systems in the fixed-satellite service (FSS) including feeder links for the mobile-

satellite service (MSS). Parameters of other systems were derived from satellite coordination 

request and notification filings to the ITU-R. 

NOTE 1  Most of the systems found in the Recommendation ITU-R S.1328-3 having FSS uplinks in the 

30 GHz range have a frequency range generally ending at 30 GHz. Despite this fact, it is assumed that FSS 

satellites having uplinks in the range 30-31 GHz have similar characteristics to those operating below 

30 GHz. 
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8.2.4.1 GSO satellite networks 

Table 8-3 presents the parameters of two types of uplink earth stations used in Dynamic Simulation 

Studies Nos. 1 and 2. 

TABLE 8-3 

GSO system uplink earth station (ES) parameters 

FSS satellite system USCSID 
KOREASAT-

123.7 KA 
STRATSAT-1 ATHENA 

Occupied bandwidth (MHz) 1,000 200 50 56 

Modulation type QPSK    

Maximum ES antenna gain 

(dBi) 

70 55 56 63 

ES e.i.r.p. (dBW) 102 99 92 90 

ES transmitter power (dBW) 32 44 36 27 

ES antenna pattern Recommendation 

ITU-R S.1428-1 

Recommendation 

ITU-R S.465 

A-25 LOG(f) Recommendation 

ITU-R S.465 

ES 3 dB beamwidth 

(degrees) 

0.06 0.3 0.25 0.1 

System orbit type GSO GSO GSO GSO 

Tracking strategy None (always 

pointed at 

designated GSO 

satellite) 

None None None 

Number of satellites 6 1 (123°7´ East) 1 (29° East) 1 

Number of earth stations 6 1 1 2 

 

Dynamic Simulation Study No. 3 used typical parameters based on the range of satellite and earth 

station parameters specified in GSO satellite coordination filings. Transponder bandwidths range 

from 100 to 500 MHz and satellite receiving system noise temperatures range from 600 to 800 K. 

The uplink earth stations in these satellite networks range in size from 0.45 to 9 m in diameter, the 

emission bandwidths range from 103 kHz to 125 MHz and uplink C/N ranges from 5 to 18.4 dB, as 

reflected in these satellite filings. The maximum and minimum power levels for each emission also 

vary over a wide range, including ranges greater than 30 dB in some cases. A combination of 

parameters corresponding to “small,” “medium,” and “high” capacity earth stations were selected 

within these parameters ranges, and clear sky transmit power levels to produce a specified C/N were 

calculated for an earth station located in the center of the measurement area transmitting to the 

farthest satellite, assuming a 600 K satellite receiving system noise temperature. The parameter 

values and average carrier transmit power level calculations for these three typical earth stations are 

presented in Table 8-4. 

These calculated uplink transmit power levels are corrected by a factor to estimate the amount of 

unwanted emission power that falls within the 31.3-31.5 GHz passive sensor band when the FSS 

uplink carrier frequency is at the edge of the FSS band closest to the passive sensor band. This 

factor is defined as the ratio of the unwanted emission power that fall within the victim receiver 

(e.g. passive sensor) bandwidth, and is obtained by numerically integrating the unwanted emission 

spectrum representation. The assumed spectrum representation includes a (sin(x)/x)2 spectrum shape 

of a QPSK emission with a symbol rate equal to the specified bandwidth as a closed form 
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approximation of the pre-modulation filtering employed in FSS uplink systems. In some cases, the 

following attenuation characteristic due to post-modulation filtering was also assumed in 

calculating the unwanted emission power falling within the passive sensor bandwidth: 

        831log40 10  cc ffffA  

Simulations were conducted for the unwanted emission powers based on the case of only the 

(sin (x)/x)2 spectrum shape of a QPSK emission with no post-modulation filtering and on the case of 

also including the 40 dB per decade attenuation due to post-modulation filtering. 

TABLE 8-4 

FSS uplink earth station parameters 

Typical earth station 0.75 M 2.4 M 6.1 M m 

     

C/N desired 12 16 18 dB 

Earth station antenna gain 45.2 54.7 63.4 dBi 

Free space loss 213.8 213.8 213.8 dB 

Atmospheric losses 0.3 0.3 0.3 dB 

Satellite antenna gain (–1 dB contour) 49 49 49 dBi 

Satellite receiving system temperature 600 600 600 K 

Uplink emission bandwidth 27 64 200 MHz 

     

Required uplink power 5.4 3.7 1.9 dBW 

     

Transponder bandwidth 250 250 250 MHz 

Transponder center frequency 30 875 30 875 30 875 MHz 

uplink carrier frequency 30 980 30 950 30 875 MHz 

     

Unwanted emission power w/A(f) (within 31.3-31.5 GHz) –57.5 –56.2 –53.5 dB(W/200 MHz) 

Unwanted emission factor w/A(f) –62.9 –59.8 –55.4 dB 

Unwanted emission e.i.r.p. w/A(f) (within 31.3-31.5 GHz) –12.3 –1.5 –9.9 dB(W/200 MHz) 

     

Unwanted emission power w/o A(f) (within 31.3-31.5 GHz) –25.5 –24.2 –22.0 dB(W/200 MHz) 

Unwanted emission factor w/o A(f) –30.9 –27.9 –23.9 dB 

Unwanted emission e.i.r.p. w/o A(f) (within 31.3-31.5 GHz) 19.7 30.5 41.4 dB(W/200 MHz) 

 

8.2.4.1.1 The DRTS System 

The transmitter characteristics of the DRTS system and its feeder-link earth stations are presented in 

Tables 8-5 and 8-6. The DRTS feeder-link signals in the 30-31 GHz band transmitted from Tsukuba 

station when operating JEM are a total of three signals of KSA forward data, the beacon signal, and 

the pilot signal as shown in Fig. 8-4. The pilot signal is always transmitted and the other signals are 

transmitted for a total of 8 h/day while the JEM is visible from the DRTS satellite. Information 

about the DRTS system feeder-link in the frequency band is in Table 8-6. 
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TABLE 8-5 

Characteristics of DRTS system  

Parameters Value 

Service FSS 

Orbit GSO longitude of 90.75° East 

Altitude (km) 35,786 

Inclination (degrees) 0 

Polarization LHCP/RHCP 

Earth station 
Tsukuba station (primary station) 

(140.13° E / 36.07° N) 

LHCP: left-hand circular polarization. 

RHCP: right-hand circular polarization. 
 

TABLE 8-6 

Characteristics of DRTS feeder-link signals in 30 GHz band 

Signal 

(operation senario) 

Necessary bandwidth 

(MHz) 

Earth 

station TX 

power 

(dBW) 

Earth station 

antenna gain (dBi) 

Antenna 

pattern 

KSA forward data 
(8 h/day) 

30 17.1 
62.4 

(Including feeder-loss 

5.8 dB) 

Recommendation 

ITU-R S.580 

Pilot signal 
(24 h/day) 

0.004 

(reference bandwidth in 

RR Appendix 3) 

18.0 
62.4 

(Including feeder-loss 

5.8 dB) 

Recommendation 

ITU-R S.580 

Beacon signal 
(8 h/day) 

0.004 

(reference bandwidth in 

RR Appendix 3) 

14.5 

62.4 

(Including feeder-loss 

5.8 dB) 

Recommendation 

ITU-R S.580 
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FIGURE 8-4 

Channels of DRTS feeder-link 

 

The spurious attenuation levels of the feeder-link signals are provided in Table 8-7 as follows. 

TABLE 8-7 

Spurious attenuation 

 KSA forward data Pilot Beacon 

Attenuation level (dBc) 60(1) 70(2) 60(1) 

(1) The limit in the RR Appendix 3. 

(2) The measurement data of DRTS earth station, which is more stringent attenuation than the values in 

the RR Appendix 3. 
 

8.2.4.2 Non-GSO networks 

The characteristics for the non-GSO USCSID-P system used in Dynamic Simulation Studies Nos. 1 

and 2, and their associated uplink earth stations, are given in Tables 8-8 and 8-9. 
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TABLE 8-8 

Non-GSO USCSID-P satellite system orbital parameters 

Satellite/plane number 1 2 3 4 5 6 7 8 

Height apogee (km) 39,336.3 

Height perigee (km) 1,063.75 

Semi-major axis (km) 26,578.17 

Eccentricity 0.72 

Inclination 63 

Initial mean anomaly 0 135 90 225 180 315 270 45 

Initial true anomaly 0 169.122 155.854 169.122 180 133.323 155.854 133.323 

Right ascension of 

ascending node 
45 90 135 180 225 270 315 360 

Argument of perigee 270 270 270 270 270 270 270 270 

 

TABLE 8-9 

Non-GSO USCSID-P system uplink earth station (ES) parameters 

Occupied bandwidth (MHz) 1,000 

Modulation type QPSK 

Maximum ES antenna gain (dBi) 70 

ES e.i.r.p. (dBW) 102 

ES Transmitter power (dBW) 32 

ES Antenna pattern Recommendation ITU-R S.1428-1 

ES 3 dB beamwidth (degrees) 0.06 

System orbit type Non-GSO (HIO, HEO) 

Satellite tracking strategy Non-GSO satellite farthest from GSO 

orbit and elevation ≥ 10° 

 

8.3 Interference threshold 

Interference is potentially received from several sources from multiple services simultaneously. The 

value listed in Recommendation ITU-R RS.1029-2 (for a specific band) is the maximum 

permissible interference level for the passive sensor from all sources of interference. 

This chapter provides an analysis of the interference generated by a single active service and the 

criteria specified in § 8.1.3 for the interference threshold. 

8.4 Interference assessment 

Dynamic simulations were conducted to determine the cumulative distribution function of the 

unwanted power levels received by a passive sensor over a 2 000 000 km2 measurement area 

assuming co-frequency operation. Three dynamic simulations studies were considered that covered 

a range of earth station deployment models. 
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8.4.1 Dynamic Simulation Study No. 1 

This dynamic simulation was performed for the push-broom sensor for FSS systems. The time 

increment for those dynamic simulations is 500 ms. Simulations are interrupted whenever the 

cumulative distribution function becomes stable. 

A bandwidth correction factor is introduced to take into account the difference between the 

necessary bandwidth of the active systems and the reference bandwidth of the passive systems. 

8.4.1.1 Impact of the discrimination between contiguous antenna beams  

The results below examine the impact of the discrimination between contiguous antenna beams, as 

noted in § 8.1.4. The case which is simulated is the push broom case, where about 100 antenna 

beams are permanently active.  

Probabilities of interference produced by a 70 dBi + 30 dBW and a 55 dBi + 45 dBW earth stations 

are determined for a sampling of push-broom antenna beams (off-set ranging from 0° to +/–50° 

Nadir direction). All beams receive massive interference, as shown on the histogrammes of 

Figs. 8-6 and 8-7. Figure 8-6 shows that the interference threshold is exceeded by around 50 dB 

(case of 70 dBi earth station antenna) and 65 dB (case of 55 dBi earth station antenna) in each one 

of the beams analysed and that all measurements performed around the earth station during the 

period of time considered are lost.  

For the case of the antenna gain of 70 dBi, the threshold is exceeded by 50 dB and for an antenna of 

55 dBi, the threshold is exceeded by 65 dB. In both cases, this threshold is exceeded 99.99 % of the 

time. 

The orbital configuration of this sensor with earth station from a FSS/MSS system in GSO is 

illustrated in Fig. 8-5. Only one Earth station is in operation and it is located at a latitude of 50°. 

FIGURE 8-5 

Configuration of GSO FSS/MSS  

(Configuration of FSS/MSS earth station interference to push-broom sensor) 
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FIGURE 8-6 

Power excess above interference threshold 

(Power excess above threshold depending on antenna beam offset. 

Only one push-broom antenna beam every five, is analysed) 

 

As noted in Fig. 8-6, a GSO network having one earth station having an e.i.r.p. of 100 dBW = 

70 dBi + 30 dBW and one satellite, produces an interference of 50 – 7 = 43 dB (using a bandwidth 

factor of 7 dB) above the threshold using the fine structure of the push broom antenna pattern.  

A dynamic analysis using the composite push broom antenna pattern with one GSO network and an 

Earth station transmitting an e.i.r.p. of 102 dBW (70 dBi + 32 dBW ) over a 1 GHz bandwidth 

shows a negative margin margin of 48 – 7 = 41 dB (using a bandwidth factor of 7 dB) according to 

the following Fig. 8-7. 
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FIGURE 8-7 

Cumulative distribution for one single network  

(one earth station transmitting an e.i.r.p.  

of 102 dBW and one GSO) 

 

Therefore, the results obtained in this section show that the negative margins obtained using a fine 

structure of the push broom antenna pattern in Fig. 8-3 are higher than those obtained when using a 

composite push broom antenna pattern as described in Fig. 8-2. The use of the composite push 

broom antenna pattern does not overestimate the level of interference. For simplicity reasons, due to 

very long dynamic simulation times, the following simulations will be done using the composite 

representation of the push broom antenna pattern. 

8.4.1.2 Dynamic analysis with GSO systems 

Dynamic analyses are realised over a 45 days period of time, with a time step of 0.2 s. The single 

beam probabilities refer to the 2 000 000 km2 measurement area of the passive sensor. Simulations 

were conducted to determine the probability of interference using a time increment of 0.5 s in order 

to get accurate results. Simulations stopped when the cumulative distribution function becomes 

stable. Furthermore, it has to be noted that all these simulations presented hereunder only deal with 

the Nadir sounder “push-broom” satellite. It should also be noted that the number of earth stations 

and the number of satellites in a given FSS/MSS system may considerably increase the probability 

of harmful interference occurrence. This will have obviously an impact on the final result. 

8.4.1.2.1 Dynamic analysis when only one system is involved 

Figure 8-8 shows the cumulative distribution obtained for 4 different situations. In each situation, 

only one GSO network is involved. 

The first network is composed of 6 GSO systems (USCSID type) with 6 different earth stations 

corresponding to each GSO satellite (–75E, –80E, –95E, –100E, –110E, –118E) valid for a 

2 000 000 km2 measurement area. Each earth station transmits 32 dBW with an antenna gain of 

70 dBi (θ3 dB = 0.06°). The e.i.r.p. of each earth station is therefore 102 dBW. In that case, the 

bandwidth correction factor is 7 dB. 

The second network is composed of 1 GSO satellite with 1 earth station (KOREASAT type). This 

earth station located at a 123° East, transmits 44 dBW with an antenna gain of 55 dBi . The e.i.r.p. 

of the earth station is therefore 99 dBW. In that case, the bandwidth correction factor is 0 dB. 
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The third network is composed of 1 GSO satellite with 1 earth station (STRATSAT-1 type). This 

earth station located at a 29° East, transmits 36 dBW with an antenna gain of 56 dBi . The e.i.r.p. of 

the earth station is therefore 92 dBW. In that case, the bandwidth correction factor is 0 dB. 

The fourth network is composed of 1 GSO satellite (ATHENA type) with 2 earth stations (1E and 

11E). Each earth station transmits 27 dBW with an antenna gain of 63 dBi. The e.i.r.p. of each earth 

station is therefore 90 dBW. In that case, the bandwidth correction factor is 0 dB. 

FIGURE 8-8 

Cumulative distributions for 4 single GSO networks: ATHENA(-),  

KOREASAT(o), STRATSAT-1(x), USCSID(-) 

 

Table 8-10 shows the most relevant figures corresponding to Fig. 8-8. 

TABLE 8-10 

Preliminary results for single GSO networks 

 

Interfering power 

for a cumulative 

distribution of 

0.01 % 

(dBW) 

EESS 

threshold 

exceedence 

(dB) 

Provisional 

maximum e.i.r.p. 

within the 

 passive band  

(dB(W/200 MHz)) 

Provisional 

maximum power 

within the  

passive band, 

(dB(W/200 MHz)) 

USCSID network –122 44 51 –19 

KOREASAT network –103 63 36 –19 

STRATSAT network –111 55 37 –19 

ATHENA network –120 46 44 –19 

 

8.4.1.2.2 Dynamic analysis with multiple GSO systems 

The previous dynamic analyses have been performed to show the impact of one single GSO system. 

It is expected that in the future, multiple GSO systems along with multiple GSO transmitted earth 
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stations will operate within a given area. Therefore, an aggregate dynamic analysis over a given 

area using representative GSO system characteristics is necessary. 

8.4.1.2.2.1 Dynamic analysis with multiple GSO systems for North America 

The characteristics of the aggregate dynamic simulation are the following. 

TABLE 8-11 

Characteristics of the various GSO FSS uplink systems 

FSS satellite system 

(derived from USCSID) 

FSS 

type 1 

FSS  

type 2 

FSS  

type 3 

Occupied bandwidth (MHz) 1000 1000 1000 

ES EIRP (dBW) 102 102 102 

ES Transmitter power (dBW) 32 32 32 

Antenna gain (dBi) 70 70 70 

ES 3 dB beamwidth (degrees) 0.06 0.06 0.06 

Tracking strategy (always 

pointed at designated GSO 

satellite) 

None None None 

Number of satellites 6 6 6 

Number of earth stations and 

positions 

6 (East USA) beams: 

–70E, –74E, –80E, 

–82E, –84E, –86E 

6 (central USA) beams: 

–96E, –98E, –99E,  

–101E, –103E, –105E 

6 (West USA) beams: 

–113E, –114E, –116E, 

–118E, –119E, –122E 

 

Figure 8-9 shows the cumulative distribution obtained for the GSO characteristics described in 

Table 8-11. 

FIGURE 8-9 

Cumulative distributions for the aggregation of multiple GSO networks over North America  
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Table 8-12 shows the most relevant figures corresponding to Fig. 8-9. 

TABLE 8-12 

Results of the dynamic analysis as in Fig. 8-9 

Cumulative (%) 5 1 0.1 0.01 0.003 

Received power/1 000 MHz  –140 –118 –115 –113 –112 

 

In that case, the bandwidth correction factor is 7 dB. 

For a cumulative distribution of 0.01%, corresponding to the percentage of time or area the 

interference threshold may be exceeded, the interfering power indicated in Table 8-12 is –113 – 7 = 

–120 dBW, a value which is 46 dB above the interference threshold.  

Therefore the provisional maximum value to be adopted for further consideration within the passive 

band for a single active GSO system is: 

  e.i.r.p. = 49 dBW                    (95 dBW – 46 dB) 

As the reference bandwidth of the passive band is 200 MHz, and that the antenna gain is 70 dBi, the 

power within the passive band 31.3-31.5 GHz should not exceed –21 dBW/reference bandwidth of 

200 MHz. 

8.4.1.2.2.2 Dynamic analysis with multiple GSO systems for Europe 

TABLE 8-13 

Characteristics of the various GSO FSS uplink systems 

FSS satellite system 

(derived from ATHENA) 

FSS  

type 1 

FSS 

type 2 

FSS  

type 3 

FSS  

type 4 

FSS  

type 5 

FSS  

type 6 

Occupied bandwidth (MHz) 56 56 56 56 56 56 

ES e.i.r.p. (dBW) 90 90 90 90 90 90 

ES transmitter power (dBW) 27 27 27 27 27 27 

Antenna gain (dBi) 63 63 63 63 63 63 

ES 3 dB beamwidth (degrees) 0.1 0.1 0.1 0.1 0.1 0.1 

Tracking strategy (always 

pointed at designated GSO 

satellite) 

None None None None None None 

Number of satellites 1 1 1 1 1 1 

Number of earth stations and 

positions 

2 (–7E, 

56N; –2E, 

59N) 

2 (–8E, 

43N; –3E, 

43N) 

2 (3E, 

49N; 8E, 

50N) 

2 (13E, 

55N; 14E, 

42N) 

2 (20E, 

45N; 26E, 

47N) 

2 (19E, 

59N; 25E, 

57N) 

 

Figure 8-10 shows the cumulative distribution obtained for the GSO characteristics described in 

Table 8-13. 
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FIGURE 8-10 

Cumulative distributions for the aggregation of multiple GSO networks over Europe 

 

Table 8-14 shows the most relevant figures corresponding to Fig. 8-10. 

TABLE 8-14 

Results of the dynamic analysis as in Fig. 8-10 

Cumulative (%) 4 1 0.1 0.01 0.0003 

Received power/200 MHz  –146 –125 –121 –119 –111 

 

In that case, the bandwidth correction factor is 0 dB. 

For a cumulative distribution of 0.01%, corresponding to the percentage of time or area the 

interference threshold may be exceeded, the interfering power indicated in Table 8-14 is –119 dBW, 

a value which is 47 dB above the interference threshold.  

Therefore the provisional maximum value to be adopted for further consideration within the passive 

band for a single active GSO system is: 

  e.i.r.p. = 43 dBW                    (90 dBW – 47 dB) 

As the reference bandwidth of the passive band is 200 MHz,  and that the antenna gain is 63 dBi, 

the power within the passive band 31.3-31.5 GHz should not exceed –20 dBW/ reference bandwidth 

of 200 MHz. 
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8.4.1.2.2.3 Dynamic analysis with multiple GSO systems for Asia 

TABLE 8-15 

Characteristics of the various GSO FSS uplink systems 

FSS satellite system 

(derived from KOREASAT) 

FSS  

type 1 

FSS 

type 2 

FSS 

type 3 

FSS  

type 4 

FSS  

type 5 

FSS  

type 6 

Occupied bandwidth (MHz) 200 200 200 200 200 200 

ES e.i.r.p. (dBW) 99 99 99 99 99 99 

ES Transmitter power (dBW) 44 44 44 44 44 44 

Antenna gain (dBi) 55 55 55 55 55 55 

ES 3 dB beamwidth (degrees) 0.3 0.3 0.3 0.3 0.3 0.3 

Tracking strategy (always pointed at 

designated GSO satellite) 

None None None None None None 

Number of satellites 1 1 1 1 1 1 

Number of earth stations and 

positions 

1 (113E, 

37N) 

1 (120E, 

31N) 

1 (122E, 

48N) 

1 (128E, 

40N) 

1 (134E, 

38N) 

1 (142E, 

43N) 

 

Figure 8-11 shows the cumulative distribution obtained for the GSO characteristics described in 

Table 8-15. 

FIGURE 8-11 

Cumulative distributions for the aggregation of multiple GSO networks over Asia 

 

Table 8-16 shows the most relevant figures corresponding to the above Fig. 8-11. 
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TABLE 8-16 

Results of the dynamic analysis as in Fig. 8-11 

Cumulative (%) 5 1 0.1 0.01 

Received power/200 MHz  –159 –111 –104 –102 

 

In that case, the bandwidth correction factor is 0 dB. 

For a cumulative distribution of 0.01%, corresponding to the percentage of time or area the 

interference threshold may be exceeded, the interfering power indicated in Table 8-16 is –102 dBW, 

a value which is 64 dB above the interference threshold.  

Therefore the provisional maximum value to be adopted for further consideration within the passive 

band for a single active GSO system is: 

  e.i.r.p. = 35 dBW                    (99 dBW – 64 dB) 

As the reference bandwidth of the passive band is 200 MHz, and that the antenna gain is 55 dBi, the 

power within the passive band 31.3-31.5 GHz should not exceed –20 dBW/reference bandwidth of 

200 MHz. 

8.4.1.3 Dynamic analysis with one non-GSO system: USCSID-P 

Eight elliptical (characteristics in Tables 8-5 and 8-6) satellites with 2 earth stations (–75E and 

–118E) each having a Tx power of 32 dBW with an antenna gain of 70 dBi are modelled. The 

e.i.r.p. is therefore 102 dBW.  

Figure 8-12 shows the result of this simulation the cumulative distribution obtained for this 

non-GSO network. 

FIGURE 8-12 

Cumulative distribution obtained with one non-GSO network 

 

Table 8-17 shows the most relevant figures corresponding to Fig. 8-12. 
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TABLE 8-17 

Results of the dynamic analysis as in Fig. 8-12 

Cumulative (%) 50 1 0.1 0.01 0.001 

Received power/1 000 MHz  –180 –140 –114 –104 –96 

 

In that case, the bandwidth correction factor is 7 dB. 

For a cumulative distribution of 0.01%, corresponding to the percentage of time or area the 

interference threshold may be exceeded, the interfering power indicated in Table 8-17 reaches 

–104 – 7 = –111 dBW , a value which is 55 dB above the interference threshold.  

Therefore, the provisional maximum value to be adopted for further consideration within the 

passive band is for a single active GSO system: 

  e.i.r.p. = 40 dBW                    (95 dBW – 55 dB) 

As the reference bandwidth of the passive band is 200 MHz, and that the antenna gain is 70 dBi, the 

power within the passive band 31.3-31.5 GHz should not exceed –30 dBW/reference bandwidth of 

200 MHz. 

8.4.1.4 Assessment of the power levels obtained in the aggregate case  

8.4.1.4.1  Summary of results 

Table 8-18 shows the various power levels obtained through the previous simulations and the usage 

of Recommendation ITU-R SM.1541 and the fill factor in accordance with the methodology of § 2 

(in particular in the technical appendix in § 2.3).  

TABLE 8-18 

Assessment of the power levels obtained through the computation of  

the various dynamic analysis in the aggregate case 

Agregate 

scenario 

Interfering 

power for a 

cumulative 

distribution 

of 0.01 % 

(dBW) 

EESS 

threshold 

exceedence 

Provisional 

maximum e.i.r.p. 

within the 

passive band  

(dB(W/200 MHz)) 

Provisional 

maximum power 

within the  

passive band 

(dB(W/200 MHz)) 

Power achieved 

through the usage 

of Rec. ITU-R 

SM.1541 in 

accordance with 

the methodology  

(dB(W/200 MHz)) 

Maximum power 

achieved through 

the usage of Rec. 

ITU-R SM.1541 

and the fill  

factor (see 

methodology) 

(dB(W/200 MHz)) 

Multiple 

GSO over 

North 

America 

–120 46 49 –21 15 0 

Multiple 

GSO over 
Europe 

–119 47 43 –20 –13 –28 

Multiple 

GSO over 
Asia 

–102 64 35 –20 16 1 

NGSO 

USCSID-P 

–103 62 40 –30 15 0 

 

The methodology adopted to compute the maximum achievable power, is based on the combined 

usage of Recommendation ITU-R SM.1541 and the fill factor. It has been established that the mask 

contained in Recommendation ITU-R SM.1541 overestimates the out of band power; it is still the 
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case even if Recommendation ITU-R SM.1541 and the fill factor are used together. It is expected 

that the combined usage of spectrum shape such as (sin x/x)2 together with a post modulation filter 

such as the one characterized by equation (1) in § 8.2.4.2., will greatly improve the compatibility 

situation (see also § 2 for further details). 

For instance, this chapter shows that for the cases “Multiple GSO over North America” and “NGSO 

USCSID-P”, using spectrum shape such as (sin x/x)2 together with a post modulation filter such as 

the one characterized by equation (1) in § 8.2.4.2, a maximum power of –17 dB(W/200 MHz) 

(attenuation of 41.7 dB for a 200 MHz bandwidth) can be achieved. 

8.4.1.4.2  Usage of the ETSI standard about the spurious emissions of satellite Earth stations 

(Earth to Space) 

A comparison can be made with the ETSI standard ETSI EN 301 459 V1.2.1 (2000-10) which 

provides adequate levels for the purpose of compatibility with other radio systems. The title of this 

ETSI standard is the following. 

Satellite earth stations and systems (SES); Harmonized EN for Satellite Interactive Terminals 

(SIT)and Satellite User Terminals (SUT) transmitting towards satellites in geostationary orbit in the 

29.5 to 30.0 GHz frequency bands covering essential requirements under Article 3.2 of the R TTE 

Directive 30-31 GHz. 

Table 3 of § 4.2.2.2 of this ETSI standard specifies, outside the nominated bandwidth, the off-axis 

spurious radiation not to be exceeded in any 100 kHz band from the satellite terminal, for all 

off-axis angles greater than 7°. In Table 3, the limits of spurious radiation within the frequency 

band 30.15 GHz to 40 GHz is are 67 dBpW in e.i.r.p., which corresponds to –53 dBW at 100 kHz 

or –19.9897 at 200 MHz. 

Then, using the antenna gain (off-axis: 29 – 25 log(φ)) Pmax = e.i.r.p. limit – (29 – 25 log(7)) 

= –27.8 dBW at 200 MHz. 

Therefore, an extrapolation of the mentioned ETSI standard proposes levels of 

–27.8 dB(W/200 MHz) not to be exceeded outside the FSS/MSS bandwidth. It is to be noted that 

this ETSI value is below the proposed limits in this document to protect the passive band 

31.3-31.5 GHz from unwanted emissions derived from the band 30-31 GHz. 

8.4.2 Dynamic Simulation Study No. 2 

The USCSID and USCSID-P FSS systems are included in this deployment model based on the 

system parameters in Tables 8-3, 8-8 and 8-9. The geostationary USCSID system is assumed to 

include:  

Six satellites, 4 over the Atlantic at 10°, 13°, 24° and 30° West Longitude, and 2 over the Pacific at 

141° and 144° West Longitude. 

A separate uplink earth station is assumed to operate with each GSO USCSID satellite, with 2 East 

coast, 2 Central, and 2 West coast FSS uplink antennas, each pointed at a different USCSID GSO 

satellite. For the NGSO USCSID-P constellation, one East coast and one West coast FSS uplink 

earth station is assumed to be active at any one time. The simulation uses dynamic links to point 

each of the non-GSO earth stations towards the USCSID-P satellite that is farthest from the GSO. 

All of the uplink antennas are assumed to be collocated at the East coast, Central, and West coast 

sites. 

The uplink total transmit power is corrected by an unwanted emission factor to account for only the 

amount of power that falls within the 31.3-31.5 GHz passive sensor band when the FSS carrier 

frequency is at 30.5 GHz. The unwanted emission factor is defined as the portion of the total 

transmit power that falls within the victim receiver (e.g. passive sensor) bandwidth.  
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An unwanted emission factor of –41.76 dB was calculated for this systems by numerically 

integrating the product of these two factors over the passive sensor reference bandwidth One factor 

is a (sin(x)/x)2 spectrum shape of a 1 Gsps QPSK emission. The other factor represents the 

attenuation due to post-modulation filtering characterized by following formula for the USCSID 

system: 

    85.302log40)( 10  ffA  

This unwanted emission factor corresponds to an uplink transmit power of –9.76 dBW within the 

200 MHz band centered at 31.4 GHz. 

Figure 8-13 illustrates the configuration of the simulation objects at the beginning of the simulation 

run. Cumulative distribution functions (CDFs) of the interference at the passive sensor are 

calculated for the three different passive sensor measurement areas (i.e. East, Central, and West) 

indicated in the figure. 

FIGURE 8-13 

Simulation model initial configuration (t = 0) 

 

Simulations for this USCSID/USCSID-P deployment model were conducted for the three adjacent, 

but non-overlapping, measurement areas in North America between 32.524° and 45.476° North 

Latitude and between 73.898° and 122.102° West Longitude as illustrated in Fig. 8-13. Each of 

these areas, designated as the east, central and west measurement areas, has an area of 

2 000 000 km2. 

Simulations were run to produce CDFs over a simulation run of 16 days with a 200 ms step size 

when the passive sensor was able to sample points within the measurement area. The CDFs of the 

interference from the FSS uplinks into the passive sensor in the 31.3-31.5 GHz band are presented 

in Figs. 8-14, 8-15 and 8-16 for each of the three measurement areas analyzed. Since these Figures 

demonstrate that the permissible interference levels of Recommendation ITU-R RS.1029-2 are not 
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exceeded for current passive sensors, it can be concluded that the USCSID and USCSID-P systems 

are compatible with the EESS (passive). 

FIGURE 8-14 

USCSID interference CDFs – East measurement area 

 

FIGURE 8-15 

USCSID interference CDFs – Central measurement area 
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FIGURE 8-16 

USCSID interference CDFs – West measurement area 

 

An additional study was conducted to analyse the push-broom sensor described in § 8.1.4 with the 

deployment model given in Fig. 8-13. Simulations were conducted for two cases. In one case, the 

push-broom sensor antenna was modelled as a single composite cross track antenna beam. In the 

other case, the push-broom sensor was modelled with 93 individual beams. 

Both these push-broom simulations were run over a simulation period of 16 days with a 200 ms step 

size when the passive sensor was able to sample points within the measurement area. The same 

unwanted emission factor corresponding to an uplink transmit power of –9.76 dBW within the 

200 MHz band centered at 31.4 GHz was used.  

The interference calculations into each of the 93 individual beams were combined into a composite 

CDF that covered all of the measurement points. The results are presented in Fig. 8-17 and 

Table 8-19. These results show that the permissible interference level for the push-broom sensor 

can be satisfied when individual beams were modelled for the push-broom sensor. 
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FIGURE 8-17 

USCSID interference CDFs into push-broom sensor 

 

TABLE 8-19 

Results of the dynamic analysis as in Fig. 8-17 

 
FSS uplink to 

HEO USCSID 

FSS uplink to 

GSO USCSID 

FSS uplink to 

HEO and GSO 

USCSID 

Interference level exceeded over 0.01% of area 

(dB(W/200 MHz)) 
–167.25 –164.5 –164.25 

Polarization mismatch(1) –2 –2 –2 

Permissible interference level 

(dB(W/200 MHz)) 
–166 –166 –166 

Excess over permissible level 

(dB(W/200 MHz)) 
–3.25 –0.5 –0.25 

Permissible unwanted emission transmit power 

density (dB(W/200 MHz)) 
–6.5 –9.2 –9.5 

(1)  The polarization mismatch factor accounts for the loss in received energy from the interference coming 

from the side lobes of the FSS antenna which does not have a well defined sense of polarization into the 

polarized passive sensor main beam which has a high degree of cross-polarization rejection. 
 

A comparison of the analysis results between the push-broom sensor using a composite cross-track 

antenna with the FSS deployment model given in Fig. 8-13 and the individual beams are given in 

Table 8-20. 
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TABLE 8-20 

Comparison of analysis results between the push-broom composite  

cross-track antenna and individual beams 

 
FSS uplink to 

HEO USCSID 

FSS uplink to 

GSO USCSID 

FSS uplink to 

HEO and GSO 

USCSID 

Interference level exceeded over 0.01% of area 

(dB(W/200 MHz)) using the composite cross 

track antenna pattern 

–156.25 –151.3 –151.0 

Interference level exceeded over 0.01% of area 

(dB(W/200 MHz)) using the individual beams 
–167.25 –164.5 –164.25 

Difference (dB) 11.0 13.2 13.25 

 

The results show that the difference between modelling the push-broom senor with a composite 

cross-track antenna as opposed to the individual beams can overestimate the interference levels on 

order of 10 dB for this FSS deployment model. 

8.4.3 Dynamic Simulation Study No. 3 

This study employed two FSS deployment models, one for a low latitude area covering Asia and the 

other for a high latitude area covering Europe, using parameters for typical low, medium and high 

capacity earth stations derived from recent ITU-R satellite filings in the 30-31 GHz band. For the 

purpose of this dynamic simulation, the Asia measurement area is defined by the area of the Earth’s 

surface bounded by lines of constant latitude at 18.84° and 29.16° North Latitude, and lines of 

constant longitude at 93.43° and 110.57° East Longitudes has an area of 2 000 000 km2 with its 

center at 45° North Latitude and 105° East Longitude. The European passive sensor measurement 

area is defined by the area of the Earth’s surface bounded by lines of constant latitude at 38.66° and 

53.34° North Latitude, and lines of constant longitude at 9.06° and 24.94° East Longitudes, with its 

center at 46° North Latitude and 17° East Longitude. These passive sensor measurement areas are 

illustrated in Figs. 8-18 and 8-19. 
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FIGURE 8-18 

Asia EESS measurement areas and FSS deployment models 

 

FIGURE 8-19 

Europe EESS measurement areas and FSS deployment models 

 

In order to determine the number of uplink earth stations that might operate within or just outside of 

this passive sensor measurement area, it is assumed that the measurement area is covered by slightly 

overlapping spot beams from an FSS satellite. Examination of a sample of the ITU-R satellite 
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filings in this band indicates that a FSS beam gain of about 50 dBi may be typical, which 

corresponds to a –3 dB beamwidth of about 0.5°. As illustrated in Figs. 8-18 and 8-19, the Asia 

measurement area can be covered by an array of 35 spot beams and the Europe measurement area 

can be covered by an array of 48 spot beams. 

GSO FSS satellites located between 72° and 132° East Longitude on the GSO arc provide a 

minimum elevation angle greater than 35° over the Asia Measurement area, and satellites between 

1° West Longitude and 35° East Longitude provide a minimum elevation angle greater than 25° 

over the Europe measurement area. In the absence of polarization discrimination between adjacent 

satellites serving the same service area, and to take into account possible inhomogeneities between 

satellites, a 4° orbital spacing has been assumed for this FSS deployment model. Since co-channel 

transmissions are not normally possible in overlapping satellite beams, it is assumed that uplink 

transmission can be conducted on the highest frequency satellite channel (i.e. closest to the EESS 

band edge) in only one-half of the spot beams on each FSS satellite in this model. 

One FSS uplink earth station is assumed to be located at the center of each beam, and the pairing of 

an FSS uplink earth station and receiving satellite is done in a way that avoids earth stations in 

adjacent beam positions transmitting to the same satellite. This results in either 17 or 18 earth 

stations for the Asia measurement area, and 24 earth stations for the Europe measurement area, 

distributed across the indicated service area transmitting to any particular FSS satellite position on 

the FSS frequency channel closest to the passive sensor band. This model assumes that the pointing 

of each satellite beam is fixed. If the FSS satellite employs beam hopping techniques, this 

simulation model would have to be modified and the resulting interference CDFs are likely to be 

substantially different from those presented below. 

For the broadband FSS deployment models illustrated in Figs. 8-18 and 8-19, a simulation was run 

to produce the CDF over a simulation run of 16 days with a 200 ms step size when the passive 

sensor was able to sample points within the measurement area. The CDFs of the interference from 

the FSS uplinks into the passive sensor in the 31.3-31.5 GHz band are presented in Figs. 8-20 

and 8-21. 
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FIGURE 8-20 

Asia FSS deployment model interference CDF 

 

FIGURE 8-21 

Europe FSS deployment model interference CDF 

 

These CDF figures indicate that the permissible interference levels of Recommendation ITU-R 

RS.1029-2 are satisfied in all of the cases when post-modulation filtering is assumed. Tables 8-21 
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and 8-22 compare the results of these simulations with the permissible interference level for current 

passive sensors specified in Recommendation ITU-R RS.1029-2 assuming no post-modulation 

filtering of the uplink transmission, and assuming a 40 dB/decade attenuation from post-modulation 

filtering. A negative value for the “excess over permissible level” entries indicates that the 

Recommendation ITU-R RS.1029-2 criteria are satisfied in this case. 

TABLE 8-21 

Analysis of simulation results (no post-modulation filtering) 

FSS uplink earth station type 

Asia measurement area Europe measurement area 

6.1M 2.4M 0.75M 6.1M 2.4M 0.75M 

High 

capacity 

Medium 

capacity 

Low 

capacity 

High 

capacity 

Medium 

capacity 

Low 

capacity 

Assumed OoB e.i.r.p. 

(dB(W/200 MHz)) with no 

post-modulation filtering 

41.4 30.5 19.7 41.4 30.5 19.7 

Interference level exceeded over 

0.01% of area (dB(W/200 MHz)) 

–148 –157 –167 –159 –167 –174 

Permissible interference level 

(dB(W/200 MHz)) 

–160 –160 –160 –160 –160 –160 

Excess over permissible level 

(dB) 

12 3 –7 1 –7 –14 

Permissible OoB e.i.r.p. 

(dB(W/200 MHz)) 

29.4 27.5 26.7 40.4 37.5 33.7 

 

TABLE 8-22 

Analysis of simulation results (with post-modulation filtering) 

FSS uplink earth station type 

Asia measurement area Europe measurement area 

6.1M 2.4M 0.75M 6.1M 2.4M 0.75M 

High 

capacity 

Medium 

capacity 

Low 

capacity 

High 

capacity 

Medium 

capacity 

Low 

capacity 

Assumed OoB e.i.r.p. 

(dB(W/200 MHz)) with 

post-modulation filtering 

9.9 –1.5 –12.3 9.9 –1.5 –12.3 

Interference level exceeded over 

0.01% of area (dB(W/200 MHz)) 

–180.2 –188.5 –197.5 –191 –199 –206 

Permissible interference level 

(dB(W/200 MHz)) 

–160 –160 –160 –160 –160 –160 

Excess over permissible level 

(dB) 

–20.2 –28.5 –37.5 –31 –39 –46 

 

It is noted that for six cases considered in Table 8-21, the permissible interference level of 

Recommendation ITU-R RA.1029-2 is satisfied in three of the cases, is marginally exceeded by 

1-3 dB in two of the cases, and is exceeded by 12 dB in only one of the cases, while all cases with 
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post-modulation filtering in Table 8-22 satisfy this criteria. However, these results assume that all of 

the FSS systems have high capacity earth stations operating in the channel closest to the passive 

sensor band, and the excess interference values indicated for high capacity earth stations in 

Table 8-21 can be considered as the worst case. However, it is unlikely that high capacity uplinks 

will be transmitting on the FSS channel closest to the EESS (passive) band in every active satellite 

beam in every FSS system, as was assumed in the simulation model. It is more likely that any actual 

FSS deployment will be characterized by a mixture of low, medium and high capacity earth stations 

operating on the highest channel. Such a distribution of different types on earth stations operating 

on the highest FSS channel would result in an interference level at the passive sensor that lies 

between the best case where this channel is occupied by only low capacity uplinks and the worst 

case where it is occupied by only high capacity uplinks. Moreover, the 300 MHz separation 

between the FSS and EESS (passive) allocated bands will result in some attenuation of the 

unwanted emissions due to band-limited earth station components such as a diplexer, further 

reducing the risk that the worst-case interference levels indicated for the unfiltered, high capacity 

uplink case could occur in actual practice. As a result of all these considerations, it can be 

concluded that such typical FSS systems in the 30-31 GHz band are compatible with the EESS 

(passive) in the 31.3-31.5 GHz band. 

8.4.4 Simulation Number 4 

8.4.4.1 Conical sensor 

A semi-static analysis to check if EESS (passive) sensor receives the threshold level given in § 8.3 

is to be performed. If the threshold level is exceeded, the worst-case EESS (passive) sensor is also 

checked. 

In the semi-static analysis, as the worst-case geometry configuration, the configuration closest to 

possible main-lobe to main-lobe interference is considered. 

The results of the semi-static analysis for a conically scanned sensor are shown in Fig. 8-22. 
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FIGURE 8-22 

Power received by the conically scanned sensor (semi-static analysis) 

 

The following two interference scenarios occur: 

a) Sensor main lobe to earth station side-lobes interfering path 

 Tsukuba station is within the main-lobe of the sensor antenna when the geocentric distance 

between the sensor and Tsukuba station is close to 7.5°. The excess above the interference 

threshold for the conically scanned sensor is 20.5 dB.  

b) Earth station main-lobe to sensor antenna beams side-lobes 

 The sensor is crossing the main-lobe of the Tsukuba station antenna when the geocentric 

distance between the sensor and Tsukuba station is about 12°. The excess above the 

interference threshold for the conically-scanned sensor is 48.7 dB. 

8.4.4.2 Nadir sensor 

The antenna cannot point towards Tsukuba station because the angle with respect to the Nadir 

direction of the calibration antenna is 83° given in Table 8-2. Therefore, the Nadir sensor antennas 

are more vulnerable than the calibration antennas. Judging from the Nadir sensor beam patterns of 

the AMSU-A and the push-broom, it can also be concluded that the push-broom sensor receivers 

receive more interference from Tsukuba station than the AMSU-A sensor. Therefore the 

push-broom sensor is to be chosen as representative of the Nadir sounder. The antenna pattern in 

Figs. 8-2 and 8-3 is used for the push-broom sensor in the analysis. The results of the semi-static 

analysis are shown in Fig. 8-23. 
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FIGURE 8-23 

Power received by the push-broom sensor (semi-static analysis) 

 

The following two interference scenarios occur: 

a) Sensor main lobe to earth station side-lobes interfering path 

 Tsukuba station is within the 100° wide fan-shaped composite pattern (cross-track) of the 

Nadir sounder antenna when the geocentric distance between the sensor and Tsukuba 

station is 0° to about 10°. In this case, the excess above the interference threshold for the 

push-broom sensor is 30.4 dB.  

b) Earth station main-lobe to sensor antenna beams side-lobes 

 The sensor is crossing the main-lobe of the Tsukuba station antenna when the geocentric 

distance between the sensor and Tsukuba station is about 12°. The excess above the 

interference threshold for the push-broom sensor is 61.1 dB. 

8.4.4.3 Results of semi-static analysis for DRTS 

As shown in Table 8-23, it is possible that the unwanted emissions of Tsukuba station into the 

conically scanned sensor and the push-broom sensor exceed the interference threshold of 

–166 dB(W/200 MHz). Therefore, a dynamic analysis is required to check if the percentage of time 

when the interference level exceeds meet the criterion.  
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TABLE 8-23 

Results of semi-static analysis for DRTS 

 Push-broom sensor Conically scanned sensor 

Power received in EESS (dBW) –104.9 –117.3 

Interference threshold (dBW) –166 –166 

Worst excess above threshold (dB) 61.1 48.7 

 

8.4.4.4 Dynamic interference analysis (Nadir sounders)  

In addition to the above static and semi-static cases, a dynamic analysis is necessary in order to 

consider the percentage of time when the interference occurs. As indicated above, the threshold of 

–160 dBW for current sensors and –166 dBW for future sensors must not be exceeded more than 

0.01% of the time in a bandwidth of 200 MHz. Dynamic simulations were conducted for three 

different types of FSS deployment models. 

In the previous sections, it was concluded that the most vulnerable sensor is the push-broom sensor. 

Therefore, a dynamic simulation was conducted to determine the probability of interference into the 

push-broom sensor, using a time increment of 2 s during 9 days (the Earth exploration-satellite 

orbital period). This step is sufficient for the simulation because the time step of 2 s corresponds to 

0.000257% of 9 days which is smaller than the threshold 0.01%. The results of this dynamic 

simulation are shown in Table 8-24. 

TABLE 8-24 

Results of dynamic analysis 

 Results of analysis  Threshold  

(Recommendation ITU-R 

RS.1029-2) 

Percentage of time when 

the interference power 

exceeds –166 dBW (%) 

0.0096 0.01 

 

As shown in Table 8-24, the feeder-link of DRTS system in 30 GHz band satisfies the interference 

criteria of EESS (passive) in the 31.3-31.5 GHz band. 

8.5 Mitigation technique 

8.5.1 EESS (passive) 

Current and future passive sensors integrate the signal received at the satellite and it is not possible 

to differentiate between the natural and the artificial emissions There are no proven techniques for 

identifying passive sensor measurements corrupted by interference and mitigating the impact of 

such corrupted measurements on weather predictions or other scientific studies using this data. 

8.5.2 FSS  

Most FSS systems operate or are planning to operate using both pre-modulation and post 

modulation filters. All FSS earth stations use pre-modulation filters, and information has been 

provided concerning the usage of post modulation filters for some FSS systems addressed in the 

simulation studies. When information was not available, generic models in the Methodology 
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contained in § 2 were used to determine how much attenuation is applied to unwanted emissions 

falling within the EESS (passive) band for other cases. The 300 MHz separation between the EESS 

(passive) and FSS bands substantially increases the amount of attenuation of unwanted emissions 

that can be provided by any post-modulation filtering. 

8.5.3 Evaluation and usage of simulation results 

In evaluating these results of the simulation studies, several additional factors have to be taken into 

account: 

a) Passive sensor antenna beams are polarized with a very high level of polarization purity, 

while in some cases FSS unwanted emission interference typically comes from the 

side-lobe of the station which may have smaller purity of polarization. This factor, which 

would reduce calculated interference levels by 1 dB, has generally not been included in the 

interference calculations. 

b) All of the simulations calculate the interference received by the passive sensor as the 

average power integrated by the radiometer. Thus, the value of FSS transmitter powers 

assumed in the dynamic simulations should be interpreted as average or mean power levels. 

However, regulatory limits are typically specified in terms of peak power levels, which are 

2 to 4 dB above the average (mean) level for digital transmissions. 

Taking into account the two factors described above, the power levels used in setting any 

recommended limit specified as peak transmit powers to be applied as a regulatory measure would 

be equivalent to applying an average power that was 3 to 5 dB less than these permissible transmit 

power levels determined by simply adjusting the FSS unwanted emission transmit power level by 

the difference between the cumulative density function at 0.01% obtained from a dynamic 

simulation and the interference criteria specified in Recommendation ITU-R RS.1029-2. 

8.5.4 Potential impact 

8.5.4.1 EESS (passive) 

If interference exceeds permissible levels, there is a risk to get corrupted measurements from 

several areas that may impact reliable weather forecasts or other scientific applications using the 

sensor data products. 

8.5.4.2 FSS  

FSS systems are planning to implement both pre-modulation and post modulation filters and in 

some cases, those filters are more efficient in terms of attenuation of unwanted emissions. It is to be 

noted that no additional filtering or other mitigation techniques are foreseen. Therefore, future 

development of FSS services won’t be constrained in the band. 

8.6 Results of studies 

8.6.1 Summary 

This Section assesses the compatibility between EESS (passive) in the 31.3-31.5 GHz band and the 

FSS (Earth-to-space) and the MSS (Earth-to-space) in the 30-31 GHz band.  

The first two paragraphs present passive sensor and FSS characteristics. § 8.3 recalls the 

interference threshold given by the appropriate ITU-R Recommendation. The interference 

assessment is then developed in § 8.4. that are presented as the results of several dynamic 

simulations. Three dynamic simulation models have been considered to determine the expected 

levels of unwanted emissions from FSS uplinks in the 30-31 GHz band into EESS (passive) 

receivers in the 31.3-31.5 GHz band. These simulation models addressed both the current AMSU-A 
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passive sensor and a future push broom sensor. In some cases, different earth station deployments 

were assumed for the same USCSID and USCSID-P FSS systems. The results are summarized in 

Table 8-25.  

Compatibility was demonstrated in one study for the high power, wide bandwidth USCSID and 

USCSID-P systems based on the earth station deployment specified by the system operator and for 

typical broadband FSS earth station deployments based on parameters extracted from ITU-R 

satellite filings, taking into account the 300 MHz separation between the edges of the FSS and 

EESS (passive) bands. Other simulations for future passive sensors concluded that a limitation of 

the emission power supplied to the antenna port of –20 dB(W/200 MHz) within the passive band, 

for a single GSO or non-GSO FSS system, would protect such passive sensors from unwanted 

emissions from FSS earth stations operating within the band 30-31 GHz for typical antenna gain 

ranging from 55 to 70 dBi. Another simulation study for the USCSID and USCSID-P systems in 

which the push-broom antenna was modelled as individual narrow spot beams indicated that the 

Recommendation ITU-R RS.1029-2 criteria would be satisfied for this FSS deployment and an 

unwanted emission power level of –9.76 dB(W/200 MHz). 

TABLE 8-25 

Summary of simulation studies 

Passive 

sensor 
FSS system 

FSS uplink 

deployment 

Maximum 

unwanted power 

within the 

passive band  

(dB(W/200 MHz) 

Unwanted 

emission 

power ratio(1) 

(dB) 

Available unwanted 

emission power 

reduction factor(2) 

(dB) 

Push-broom 

(composite 

beam) 

Multiple GSO 

over North 

America 

18 uplinks and 

18 GSO  

–21  46 32 using 

Recommendation ITU-R 

SM.1541 and the fill 

factor in accordance with 

the methodology(3) 

Push-broom 

(composite 

beam) 

Multiple GSO 

over Europe 

12 uplinks and 

6 GSO  

–20 47 55 using 

Recommendation ITU-R 

SM.1541 and the fill 

factor in accordance with 

the methodology(3) 

Push-broom 

(composite 

beam) 

Multiple GSO 

over Asia 

6 uplinks and 

6 GSO  

–20  64 43 using 

Recommendation ITU-R 

SM.1541 and the fill 

factor in accordance with 

the methodology(3) 

Push-broom 

(composite 

beam) 

USCSID-P 

non-GSO 

2 uplinks and 

8 non-GSO  

–30  55 32 using 

Recommendation ITU-R 

SM.1541 and the fill 

factor in accordance with 

the methodology(3) 

AMSU USCSID-P 

GSO and 

USCSID-P 

non-GSO 

2 GSO and 1  

non-GSO in East 

and West; 

2 GSO in Central 

measurement 

areas 

–5.2 to –7.7 37.3 to 39.8(2) 41.6 by sin2 x/x2 

spectrum shape, and A(f) 

post-modulation filtering 
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TABLE 8-25 (end) 

Passive 

sensor 
FSS system 

FSS uplink 

deployment 

Maximum 

unwanted power 

within the 

passive band  

(dB(W/200 MHz) 

Unwanted 

emission 

power ratio(1) 

(dB) 

Available unwanted 

emission power 

reduction factor(2) 

(dB) 

Push-broom 

(individual 

beams) 

USCSID-P 

GSO and 

USCSID-P 

non-GSO 

2 GSO and 1  

non-GSO in East 

and West; 

2 GSO in Central 

measurement 

areas 

–9.5 to –6.5 38.5 to 41.5(2) 41.6 by sin2 x/x2 

spectrum shape and A(f) 

post-modulation filtering 

AMSU 16 GSO 

satellites 

between 72° 

and 132° East 

Longitude 

17 or 18 FSS 

uplinks per GSO 

satellite 

distributed over 

2 000 000 km2 

Asia 

measurement 

area 

–25.5/–27.2/–34 

depending on 

earth station type 

38/31.6/36.7 

depending on 

earth station 

type(2) 

62.9/ 59.9/55.4 by 

sin2 x/x2 spectrum shape, 

and A(f) post-modulation 

filtering 

30.9/27.9/23.9 by 

sin2 x/x2 spectrum shape  

AMSU 10 GSO 

satellites 

between 1° 

West and 35° 

East Longitude 

24 FSS uplinks 

per GSO satellite 

distributed over 

2 000 000 km2 

Europe 

measurement 

area 

–25.5/–24.2/–23 

depending on 

earth station type 

38/28.6/25.7 

depending on 

earth station 

type(2) 

62.9/59.9/55.4 by 

sin2 x/x2 spectrum shape, 

A(f) post-modulation 

filtering 

30.9/27.9/23.9 by 

sin2 x/x2 spectrum shape  

30.9/27.9/23.9 by 

sin2 x/x2 spectrum shape  

(1) Ratio of total transmit power to unwanted emission power in passive band. 

(2) For push-broom studies, values derived from formulas in § 2.3; for AMSU studies, values derived from 

Table 8-2. 
(3) The methodology adopted to compute the maximum achievable power, is based on the combined usage 

of Recommendation ITU-R SM.1541 and the fill factor. It has been established that the mask contained 

in Recommendation ITU-R SM.1541 overestimates the out of band power; it is still the case even if 

Recommendation ITU-R SM.1541 and the fill factor are used together. It is expected that the combined 

usage of spectrum shape such as (sin x/x)2 together with a post modulation filter will greatly improve 

the compatibility situation (see also § 2 for further details). 

 For instance, this Section shows that for the cases with the push-broom sensor (composite beam) 

“Multiple GSO over North America” and “NGSO USCSID-P”, using spectrum shape such as (sin x/x)2 

together with a post modulation filter, an attenuation of 41.7 dB can be achieved instead of a 32 dB 

attenuation. 
 

8.6.2 Conclusions 

Several dynamic simulations concluded that currently operational GSO and non-GSO FSS systems 

and future broadband GSO FSS systems operating in the 30-31 GHz band are compatible with the 

EESS (passive) service in the 31.3-31.5 GHz band. The 300 MHz separation from between the 

edges of the two bands, together with any OoB attenuation provided by band-limited components in 

the earth station uplink equipment chain, such as the diplexer, are sufficient to protect the EESS 

(passive) without the need for specific regulatory measures.  

Other studies concluded that, taking into account the results of the different simulations and their 

corresponding attenuation assessment, limiting FSS uplinks in the band 30-31 GHz, to an unwanted 
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emission power level at the antenna port of –20 dB(W/200 MHz) within the 31.3-31.5 GHz band is 

necessary to achieve compatibility. 

9 Compatibility analysis between Earth exploration-satellite service (EESS) (passive) 

systems operating in the 31.3-31.5 GHz band and fixed service (FS) systems operating 

in the 31-31.3 GHz band 

9.1 EESS (passive) 

9.1.1 Allocated band 

The 31-31.3 GHz band is allocated to FS and this band is adjacent to the 31.3-31.5 GHz band 

allocated to the EESS. This Section provides calculations of levels of unwanted emissions from 

FS systems operating below 31.3 GHz that may fall within the 31.3-31.5 GHz band. 

It should be noted that according to RR No. 5.340, all emissions are prohibited in the 31.3-

31.5 GHz band. 

The allocations adjacent to the 31.3-31.5 GHz passive bands are shown in Table 9-1. 

TABLE 9-1 

Adjacent band allocations 

Services in lower allocated band Passive band Services in upper allocated band 

31-31.3 GHz 31.3-31.5 GHz 31.5-31.8 GHz 

FIXED 

MOBILE 

Standard frequency and time signal-

satellite (space-to-Earth) 

Space research 5.544 

EARTH EXPLORATION-

SATELLITE (passive) 

RADIO ASTRONOMY 

SPACE RESEARCH 

(passive) 

EARTH EXPLORATION-

SATELLITE (passive) 

RADIO ASTRONOMY 

SPACE RESEARCH (passive) 

Fixed (Regions 1 and 3) 

Mobile except aeronautical mobile 

(Regions 1 and 3) 

 

9.1.2 Application 

This band is one of the bands used for close-to-Nadir atmospheric sounding in conjunction with the 

other bands such as 23.8 GHz and 50.3 GHz for the characterization each layer of the Earth’s 

atmosphere. 

In the band 31 GHz, a 416 MHz bandwidth is required to get 0.2 K of accuracy in the 31 GHz band. 

That means the passive microwave users community needs to protect both the 31.3-31.5 GHz band 

and the 31.5-31.8 GHz band. 

This band will also be used in conjunction with the band 31.5-31.8 GHz as a “split window”. This 

will allow a comparison of the measurements conducted in the two sub-bands to check the quality 

of the data. This will then allow using the full band when the quality is expected good to increase 

the sensitivity of the sensor. 

9.1.3 Required protection criteria 

Recommendation ITU-R RS.515 – Frequency bands and bandwidths used for satellite passive 

sensing 
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Recommendation ITU-R RS.1028 – Performance criteria for satellite passive remote sensing 

Recommendation ITU-R RS.1029 – Interference criteria for satellite passive remote sensing. 

9.1.4 Operational characteristics 

The following operational characteristics are considered for the EESS system: 

– The EESS sensor is assumed to have an antenna with a peak gain of 45 dBi. 

– The EESS sensor is pointing in the Nadir direction. 

– The pixel size for a sensor at an altitude of 850 km is 201 km2 (16 km diameter). 

9.2 Fixed service 

9.2.1 Allocated band 

See Table 9-1. 

9.2.2 Application 

This band may be used for P-P FS systems and point-to-multipoint (P-MP) FS systems. 

9.2.3 Levels based on existing ITU documents 

The following ITU-R Recommendations provide information on unwanted emissions of FS 

systems: 

Recommendation ITU-R F.1191 – Bandwidths and unwanted emissions of digital fixed service 

systems 

Recommendation ITU-R SM.329 – Unwanted emissions in the spurious domain 

Recommendation ITU-R SM.1541 – Unwanted emissions in the out-of-band domain. 

9.2.4 Transmitter characteristics 

The following characteristics were considered for P-P and P-MP FS systems operating in this band. 

TABLE 9-2 

Characteristics of P-P systems 

(Recommendation ITU-R F.758)* 

Channel spacing (MHz) 56 3,5 

Antenna gain (maximum) (dBi) 45 45 

Feeder/multiplexer loss (minimum) (dB) 0 0 

Antenna type Dish Dish 

Maximum Tx output power (dBW) 0 0 

e.i.r.p. (maximum) (dBW) 45 45 

* Since Recommendation ITU-R F.758 does not provide any information on P-P 

systems to be deployed in this band, these parameters are based on those of 

systems to be deployed in the band 37-39.5 GHz, with the appropriate antenna 

gain. 
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TABLE 9-3 

Characteristics of P-MP systems  

(Recommendation ITU-R F.758) 

Channel spacing (MHz) 50 2,5 

Direction of transmission Hub to RT RT to Hub 

Antenna gain (maximum) (dBi) 15 36 

Feeder/multiplexer loss (minimum) (dB) 0 0 

Antenna type Horn, 15  90  Dish, 2  2 

Maximum Tx output power (dBW) 10 4 

e.i.r.p. (maximum) (dBW) 25 40 

RT: remote terminal. 
 

9.2.5 Operational characteristics 

9.2.5.1 P-MP operational characteristics 

It is proposed to use as a first step a density of terminals of 1 terminal per km2  5. 

9.2.5.2 P-MP operational characteristics 

It is proposed to use as a first step a density of terminals of 0.3 terminals per km2  5. 

Frequency reuse: a frequency reuse of 2 is commonly used and is considered as a typical scenario. 

A frequency reuse factor of 1 is to be considered as a worst-case situation, which occurs rarely. 

Sector antenna: the typical sector antenna width is 90. In some cases, 45 sector antennas are 

foreseen where high amount of traffic capacities have to be transported from one station location. 

Based on these considerations, a hub of a P-MP cell may serve typically two co-channel subscribers 

within a given cell. 

9.2.6 In band transmit power 

See Tables 9-2 and 9-3. 

9.3 Compatibility threshold (if applicable) 

The passive sensor protection criterion is 163 dBW in a 100 MHz bandwidth (not to be exceeded 

for more than 0.01% of time as stipulated by Recommendation ITU-R RS.1029). 

Interference is potentially received from several sources from multiple services simultaneously. The 

value listed in Recommendation ITU-R RS.1029 (for a specific band) is the maximum allowable 

interference level for the passive sensor. 

This Section provides an analysis of the interference generated by a single active service. 

Further work is needed to address the impact of these multiple active services operating above and 

below the passive band. 

                                                 

5 It should be noted that these numbers represent a worst-case approach and will be refined to obtain 

a realistic number of FS systems in each of the considered bands. 
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9.4 Interference assessment 

9.4.1 Methodology used to assess the interference level 

The first step of this approach is to calculate the acceptable power resulting from a deployment of 

FS systems that may fall within an EESS pixel. 

Aggregate power at the Earth in 100 MHz  EESS protection criteria (dB(W/100 MHz)) –  

EESS gain  free space loss 

Then it is possible to derive the unwanted level of emissions per FS system falling into the EESS 

100 MHz reference bandwidth: 

Power per Tx (dB(W/100 MHz))  Aggregate power at the Earth in 100 MHz – 

Nb Tx (in EESS pixel) – FS Gain in the EESS direction 

9.4.2 Calculation 

For P-P systems, Recommendation ITU-R F.1245 was used to derive the antenna gain in the zenith 

direction. The density of terminals operating at the same frequency is assumed to be one terminal 

per km2. 

For P-MP terminal stations, Recommendation ITU-R F.1245 was used to derive the antenna gain in 

the zenith direction. For P-MP central stations, Recommendation ITU-R F.1336 was used to derive 

the antenna gain in the zenith direction. The density of site of central station operating at the same 

frequency is assumed to be 0.3 terminals per km2. On the same site, two central stations may use the 

same frequency assuming 90sector antenna. Therefore within the same cell two terminal stations 

may use the same frequency. 

TABLE 9-4 

Acceptable unwanted emissions level per P-P  

FS system falling into the EESS band 

Frequency (GHz) 31.3 

Interference criteria (dB(W/100 MHz)) 163 

Altitude (km) 850 

Reference bandwidth (MHz) 100 

Gain EESS 45 

Free space loss 181 

Aggregate at the Earth (dB(W/100 MHz)) 27 

Aggregate at the Earth (dB(W/MHz)) 47.1 

Station type CS TS 

Channel spacing (MHz) 56 3.5 

FS antenna gain 45 45 

FS gain in the EESS direction 12.3 12.3 

Aggregate power (dB(W/MHz)) 34.8 34.8 

Density of systems per km2 1.0 1.0 

Pixel size (km2) 201 201 
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TABLE 9-4 (end) 

Nb Tx 201 201 

Power per Tx (dB(W/MHz)) 57.8 57.8 

Power per Tx (dB(W/100 MHz)) 37.8 37.8 

CS: central station. 

TS: terminal station. 
 

TABLE 9-5 

Acceptable unwanted emissions level per P-MP 

FS system falling into the EESS band 

Frequency (GHz) 31.3 

Interference criteria (dB(W/100 MHz)) 163 

Altitude (km) 850 

Reference bandwidth (MHz) 100 

Gain EESS 45 

Free space loss 181 

Aggregate at the Earth (dB(W/100 MHz)) 27 

Aggregate at the Earth (dB(W/MHz)) 47.1 

Station type CS TS 

Channel spacing (MHz) 50 2.5 

FS antenna gain 15 36 

FS gain in the EESS direction 11.6 10.1 

Aggregate power (dB(W/MHz)) 35.5 37.0 

Density of systems per km2 0.6 0.6 

Pixel size (km2) 201 201 

Nb Tx 121 121 

Power per Tx (dB(W/MHz)) 56.3 57.8 

Power per Tx (dB(W/100 MHz)) 36.3 37.8 

 

9.4.3 Value achieved 

9.4.3.1 Level of unwanted emissions based on ITU-R Recommendations 

As a first step approach, only unwanted emissions falling into the spurious domain are considered 

(if the guardband is larger than the unwanted emission domain). Then, levels of attenuation 

provided in RR Appendix 3 and Recommendation ITU-R SM.329 are used to derive the levels of 

unwanted emissions from FS falling within the spurious emission domain (offset higher than 250% 

of the necessary bandwidth or channel separation compared to the centre frequency of the FS 

signal). In the case of FS systems, the attenuation specified in RR Appendix 3 should be in dBc, the 

minimum of 70 dBc or (43  10 log (P)). 

Based on the first step approach, for a system operating with an output power of 0 dBW and a 

channel spacing of 56 MHz (see Table 9-1). 
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The spurious emission limits for this system is: 

P (dBW) – (43  P)               dB in a 1 MHz reference bandwidth 

Table 9-6 provides the level of unwanted emissions that may fall in a 100 MHz reference 

bandwidth. 

TABLE 6 

Calculation of the level of unwanted emissions that may fall 

 within a 100 MHz bandwidth 

FS System 

Level of spurious emissions 

per 1 MHz 

(dBW) 

Level of spurious 

emissions per 100 MHz 

(dBW) 

P-P 56 MHz (Table 9-2) 43 23 

P-P 3.5 MHz (Table 9-2) 43 23 

P-MP 50 MHz (Table 9-3) 43 23 

P-MP 2.5 MHz (Table 9-3) 43 23 

 

This first step approach leads to the conclusion that even if only unwanted emissions falling into the 

spurious domain are considered then the EESS protection criteria is not met. 

9.4.3.2 Refinement of the calculations 

Since the first step of the calculation has shown that the EESS interference criteria will not be met, 

the refinement of the calculations will take into account characteristics of unwanted emissions 

systems that will be deployed in this band. In particular, the following sections are based on 

characteristics of systems provided in the European Telecommunications Standard Institute (ETSI). 

The approach, which is described in the following sections, was used within the European 

Conference of Postal and Telecommunications Administrations (CEPT) to derive the required 

guardband so that the unwanted emissions from FS systems falling into the EESS band met the 

EESS interference criteria given in § 9.4.2 (37.8 dB(W/100 MHz)). These results were taken into 

account to develop channel arrangements for FS systems operating in the 31-31.3 GHz band.  

9.4.3.2.1 P-P FS systems 

9.4.3.2.1.1 Unwanted emissions masks for P-P systems 

For the purpose of these analyses, we consider unwanted emission mask given in ETSI Standard 

EN 300 197 provides unwanted emission mask for fixed radio systems; P-P equipment; parameters 

for radio systems for the transmissions of digital signal operating at 32 GHz and 38 GHz. 

The analysis considers the worst case of unwanted emission emissions masks given in the ETSI 

Standard EN 300 197, this leads to consider the following masks (see Fig. 9-1). 
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FIGURE 9-1 

OoB emission mask 

 

   NOTE 1  The 0 dB level shown on the spectrum masks relates to the  

   spectral power density of the nominal centre frequency disregarding  

   residual carrier. 

Table 9-7 provides the values of fi depending on channel spacing, which may extend from 3.5 MHz 

to 56 MHz according to EN 300 197. 

TABLE 9-7 

Break points of the unwanted emissions mask 

Channel spacing 

(MHz) 

K1 

(dB) 

f1 

(MHz) 

f2 

(MHz) 

f3 

(MHz) 

f4 

(MHz) 

f5 

(MHz) 

3.5 1 1.3 2 2.3 4.3 8.75 

7 1 2.8 5.6 7 14 17.5 

14 1 5.6 11.2 14 28 35 

28 1 11 19 25 45 70 

56 1 18 32 40 70 140 

 

9.4.3.2.1.2 Spurious emissions levels for P-P systems 

Recommendation ITU-R SM.329 gives information on the levels of spurious emissions, in 

particular, this analysis consider levels adopted in Europe and used by some other countries 

(Category B levels). 

For P-P system operating with a channel spacing, Cs, higher than 10 MHz, the spurious emission 

limit is –60 dB(W/MHz). 

In case of P-P systems operating with a Cs lower than 10 MHz, there is a step before reaching this 

–60 dB(W/MHz) value. From an offset of 2.5  Cs compared to the centre frequency to an offset of 

70 MHz, the limit is equal to –50 dB(W/MHz) (or –60 dBW in a 100 kHz reference bandwidth). 
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In case of P-P systems operating with a Cs lower than 10 MHz, to obtain more realistic results we 

made the assumption that there is a linear decreasing between the –50 dB(W/MHz) point on the 

mask and the point corresponding to the level of –60 dB(W/MHz). 

Figure 9-2 provides an example of unwanted emissions mask for system using a Cs of 3.5 MHz. 

FIGURE 9-2 

Level of unwanted emission for 3.5 MHz system 

 

9.4.3.2.1.3 Results of the calculations for P-P systems 

The following sections derived the levels of unwanted emissions, which may be received by the 

EESS system in a 100 MHz reference bandwidth, depending on the guardband. 

It should be noted that ETSI standards provide a maximum output power of 0 dBW for P-P systems 

to be deployed in this band. 
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9.4.3.2.1.3.1 3.5 MHz channel P-P spacing 

Figure 9-3 provides the result of the calculation for a 3.5 MHz Cs P-P system. 

FIGURE 9-3 

Z2S for FS P-P system using a 3.5 MHz Cs 

 

The term Z2S, is defined in Recommendation ITU-R F.746 as the upper separation between the 

centre frequency of the final channel and the upper edge of the band. This leads to a guardband of 

28.75 – 3.5/2  27 MHz assuming that there is a linear decrease between the –50 dB(W/MHz) point 

on the mask and the point corresponding to the level of –60 dB(W/MHz). 

In this case, the guardband is larger than the unwanted emission domain, and then only spurious 

emissions will fall in the EESS band. 

9.4.3.2.1.3.2 7 MHz channel spacing P-P systems 

Figure 9-4 provides the result of the calculation for a 7 MHz Cs P-P system.  
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FIGURE 9-4 

Z2S for FS P-P system using a 7MHz Cs 

 

The term Z2S, is defined in Recommendation ITU-R F.746 as the upper separation between the 

centre frequency of the final channel and the upper edge of the band. This leads to a guardband of 

27.5 – 7/2  24 MHz assuming that there is a linear decreasing between the –50 dB(W/MHz) point 

on the mask and the point corresponding to the level of –60 dB(W/MHz). 

In this case, the guardband is larger than the unwanted emission domain, and then only spurious 

emissions will fall in the EESS band. 

9.4.3.2.1.3.3 14 MHz channel spacing P-P systems 

Since the channel spacing is larger than 10 MHz, in this case there is no need make the assumptions 

considered in the previous part for spurious emissions. Figure 9-5 provides the result of the 

calculation for a 14 MHz Cs P-P system. 
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FIGURE 9-5 

Z2S for a 0 dBW FS P-P system using a Cs of 14 MHz 

 

This leads to a guardband of 22 – 14/2  15 MHz. 

9.4.3.2.1.3.4 28 MHz channel spacing P-P systems 

Figure 9-6 provides the result of the calculation for a 28 MHz Cs P-P system. 

FIGURE 9-6 

Z2S for a 0 dBW FS P-P system using a Cs of 28 MHz 
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This leads to a guardband of 34 – 28/2  20 MHz. 

9.4.3.2.1.3.5 56 MHz channel spacing P-P systems 

Figure 9-7 provides the result of the calculation for a 56 MHz Cs P-P system. 

FIGURE 9-7 

Z2S for a 0 dBW FS P-P system using a Cs of 56 MHz 

 

This leads to a guardband of 49 – 56/2  21 MHz. 

9.4.3.2.1.3.6 Summary of the results for P-P systems 

Table 9-8 provides a summary of the results calculated for P-P systems using a Cs ranging from 

3.5 MHz to 56 MHz. 

TABLE 9-8 

Guardband depending on the Cs 

Channel spacing  

(MHz) 
Z2S  

(MHz) 

Guardband  

(MHz) 

3.5 28.75 27 

7 27.5 24 

14 22 15 

28 34 20 

56 49 21 
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9.4.3.2.2 P-MP FS systems 

It should be noted that the acceptable unwanted emissions level per P-MP FS system level, which is 

obtained in case of terminal station (see Table 9-6) is the same as the acceptable unwanted 

emissions level per P-P FS system level (see Table 9-5). 

9.4.3.2.2.1 unwanted emissions masks for P-MP systems 

For the purpose of these analyses, we consider the unwanted emission masks given in the ETSI 

standard which provides information on fixed radio systems; multipoint equipment, and multipoint 

digital radio systems operating in the 31 GHz to 33.4 GHz (32 GHz) frequency range. The first step 

of the analysis is to determine the worst-case unwanted emissions masks. This leads to consider the 

following cases shown in Fig. 9-8. 

FIGURE 9-8 

Spectrum masks, Types A and B 

 

Table 9-9 provides the corresponding break points for type A systems, depending on the Cs, which 

may extend from 3.5 MHz to 112 MHz according to the ETSI standard. 
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TABLE 9-9 

Break points of the unwanted emissions mask 

Co-polar channel spacing  

Points in Fig. 9-8  

(MHz) 

0 dB 

Point A 

(MHz) 

23 dB 

Point B 

(MHz) 

23 dB 

Point C 

(MHz) 

45 dB 

Point D 

(MHz) 

45 dB 

Point E 

(MHz) 

3.5 1.5 2.8 3.7 7 8.75 

7 2.8 5.6 7 14 17.5 

14 5.6 11.2 14 28 35 

28 11.2 22.4 28 56 70 

56 22.5 45 56 112 140 

112 45 90 112 224 280 

 

It should be noted that these masks are applicable both for terminal stations and for base stations. 

9.4.3.2.2.2 Levels of spurious emissions for P-MP systems 

EN 301 390 provides the levels of spurious emissions for P-P systems (the same as those given in 

Recommendation ITU-R SM.329 under Category B) and for P-MP systems. 

Tables 9-10 and 9-11 provide the comparison of limits depending on the type of system. 

TABLE 9-10 

Spurious limits in case of systems using a Cs smaller than 10 MHz 

Frequency offset 2.5  Cs – 56 MHz 56-70 MHz 70-112 MHz 112 MHz 

P-P limit (Category B) 

(dB(W/MHz)) 
50 50 60 60 

P-MP limit (EN 301 390) 

(dB(W/MHz)) 
50 60 60 70 

 

TABLE 9-11 

Spurious limits in case of systems using a Cs higher than 10 MHz 

Frequency offset 2.5  Cs – max (112 MHz;  

4.5  Cs) 

 max (112 MHz;  

4.5  Cs) 

P-P limit (Category B) 

(dB(W/MHz)) 
60 60 

P-MP limit (EN 301 390) 

(dB(W/MHz)) 
60 70 

 

9.4.3.2.2.3 Results of the calculations for P-MP systems 

The same approach as for P-P system is used. 

9.4.3.2.2.3.1 3.5 MHz and 7 MHz channel spacing P-MP systems 

According to the calculations made in § 9.4.3.2.1.3.1, only spurious emissions will fall in the EESS 

band (the calculated guardband for P-P systems is larger than the unwanted emission domain). 
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Since: 

– the acceptable unwanted emissions level which is obtained in case of P-MP systems (see 

Table 9-6) is the same as the acceptable unwanted emissions level which was considered in 

the analyses for P-P systems (see Table 9-5); 

– the spurious emissions limits for P-MP systems are more stringent than for P-P systems, 

it can be directly concluded that the guardband, which was derived for P-P systems, will also cover 

the case of P-MP systems. 

9.4.3.2.2.3.2 14 MHz channel spacing P-MP systems 

Since: 

– the unwanted emissions mask for P-P systems and for P-MP systems are the same (see 

Tables 9-7 and 9-9); 

– the acceptable unwanted emissions level which is obtained in case of P-MP systems (see 

Table 9-6) is the same as the acceptable unwanted emissions level which was considered in 

the analyses for P-P systems (see Table 9-5), 

it can be directly concluded that the guardband, which was derived for P-P systems, will also cover 

the case of 14 MHz channel spacing P-MP systems. 

9.4.3.2.2.3.3 28 MHz channel spacing P-MP systems 

Figure 9-9 provides the result of the calculation for a 28 MHz Cs P-MP system. 

FIGURE 9-9 

Z2S for a 0 dBW FS P-MP system using a Cs of 28 MHz 

 

The term Z2S, is defined in Recommendation ITU-R F.746 as the upper separation between the 

centre frequency of the final channel and the upper edge of the band. This leads to a guardband of 

41 – 28/2  27 MHz. 
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9.4.3.2.2.3.4 56 MHz Cs P-MP systems 

Figure 9-10 provides the result of the calculation for a 56 MHz Cs P-MP system. 

FIGURE 9-10 

Z2S for a 0 dBW FS P-MP system using a Cs of 56 MHz 

 

This leads, for an output power of 0 dBW, to a guardband of 80 – 56/2  52 MHz. 

9.4.3.2.2.3.5 112 MHz Cs P-MP systems 

Figure 9-11 provides the result of the calculation for a 112 MHz Cs P-MP system. 
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FIGURE 9-11 

Z2S for a 0 dBW FS P-P system using a Cs of 112 MHz 

 

This leads, for an output power of 0 dBW, to a guardband of 152 – 112/2  96 MHz. 

9.4.3.3 Summary and conclusions for P-P and P-MP systems 

Table 9-12 provides a summary of the results calculated for P-P and P-MP systems using a Cs from 

3.5 MHz to 112 MHz (including the results provided in Table 9-8). 

TABLE 9-12 

Guardband depending on the Cs 

Cs 

(MHz) 

Z2S 

(MHz) 

Guardband 

(MHz) 

3.5 28.75 27 

7 27.5 24 

14 22 15 

28 41 27 

56 80 52 

112 152 96 

 

The 56 MHz and 112 MHz channel spacing plans are not included in the channel arrangement given 

in Annex 8 to Recommendation ITU-R F.746 due to the limited number of channels they would 

allow for. Specifically, they would allow for only one frequency division duplex (FDD) channel for 

56 MHz spacing and one time division duplex (TDD) channel for 112 MHz Cs. The channel 

arrangement of Annex 8 to Recommendation ITU-R F.746 includes a guardband of 31 MHz in the 

upper part of the band 31-31.3 GHz. 
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It should be noted that since the guardband included in Annex 8 to Recommendation ITU-R F.746 

is larger than the minimum one required for channel spacing of 3.5, 7, 14 and 28 MHz, this gives an 

additional margin compared to the acceptable power given in Tables 9-4 and 9-5. 

9.4.4 Dynamic simulation 

Publicly available data on stations licensed in one administration was assembled in a format that 

allowed the construction of a dynamic simulation model in which the simulation station models had 

the same characteristics as the licensed stations in terms of locations, powers, frequencies and 

antenna pointing azimuths. All of the currently licensed stations in the 31-31.3 GHz band appear to 

be either P-P stations with links between specified stations, or temporary fixed stations with 

characteristics similar to the licensed P-P links. Figure 9-12 illustrates this deployment of 

transmitting FS stations, as well as three passive sensor measurement areas covering the 

administration for which interference statistics are developed by the simulation model. The 

individual dots represent the 222 frequency assignments to FS stations included in the licensed 

station database for this band. These parameter of these stations used to define the simulation model 

include geographic coordinates, pointing azimuths, transmitter powers, maximum antenna gains and 

3 dB beamwidths for 222 frequency assignments in the administration’s license data base. An FS 

reference antenna pattern based on Recommendation ITU-R F.1245-1 with a main beam gain of 

38.1 dBi and a 2.4° beamwidth was used in the simulations since all of the entries in the table 

indicated main beam gains within 0.1 dB of this value. The unwanted emission power falling within 

the 31.3-31.5 GHz EESS (passive) band was calculated for each station by integrating the emission 

mask specified in the administration’s regulations based on the assigned frequency and necessary 

bandwidth of the licensed frequency assignment. In some cases, particularly involving temporary 

fixed facilities, locations, azimuths and frequencies were randomly assigned. 

Figure 9-13 represents a future growth scenario consisting of ten times the number of FS stations 

that are currently licensed. The future growth model was created by randomly locating nine 

additional FS stations within ±1° of latitude and ±1.25° of longitude of each of the licensed stations, 

with a random azimuth and assigned frequency. Uniform distributions were used for each of these 

random values. 

The FS station density of 2 222 stations in 200 MHz in this future growth model for the 31 GHz 

band is still less than the FS station in other bands. For example, a similar simulation model for 

licensed FS stations in the 10.6-10.68 GHz band contained 2 652 FS stations in this 80 MHz of 

spectrum, and this average FS station density (0.0002 FS/km2) over 10 000 000 km2 in the 31 GHz 

band is much lower than the FS density (0.6 to 1 FS/km2) assumed in the static analysis. 
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FIGURE 9-12 

Current 31-31.3 GHz licensed FS station deployment 

 

FIGURE 9-13 

Future growth scenario FS station deployment 

 

Simulations for this deployment model were conducted for the three adjacent, but non-overlapping, 

measurement areas between 32.524° and 45.476° North latitude and between 73.898° and 122.102° 

West longitude as illustrated in Figs. 9-12 and 9-13. Each of these areas, designated as the East, 

Central and West measurement areas, has an area of 2 000 000 km2. 

The simulations were conducted for the advanced microwave sounding unit-A (AMSU-A), which is 

a Nadir scanning sensor carried on a number of operational satellites, such as the NOAA K, L and 

M satellites. The AMSU-A sensor is carried on a satellite in a circular orbit with an altitude of 
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850 km and an inclination of 99°. The sensor antenna is assumed to complete one rotation about its 

axis, which is aligned with the satellite velocity vector, every 8 s. The beam steps through 30 

pointing angles evenly spaced between ±48.33° from Nadir in time steps of 200 ms to conduct 

measurements. For the remaining 2 s of the 8 s interval, which is used for calibration, the sensor is 

assumed to be pointed to the satellite zenith, and no interference is calculated during this calibration 

portion of the scanning cycle. The sensor antenna has a maximum gain of 36 dBi and a 3.3° –3 dB 

beamwidth. The sensor antenna side-lobe pattern is assumed to conform to the reference antenna 

pattern specified in Recommendation ITU-R F.1245-1. Interference from FSS uplinks into a passive 

AMSU sensor is evaluated under free space propagation conditions, plus an additional loss for 

atmospheric (gaseous) absorption from Recommendation ITU-R P.676-5. 

Simulations were run to produce CDFs over a simulation run of three days with a 200 ms step size 

when the passive sensor was able to sample points within the measurement area. The CDFs of the 

interference from the FS stations into the passive sensor in the 31.3-31.5 GHz band are presented in 

Figs. 9-14, 9-15 and 9-16 for each of the three measurement areas analysed. A comparison CDF 

was also generated assuming that each of the licensed FS stations transmitted the 

–38 dB(W/100 MHz) of unwanted emission power specified in Resolution 738 (WRC-03). 

FIGURE 9-14 

FS interference CDFs – East measurement area 
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FIGURE 9-15 

FS interference CDFs – Central measurement area 

 

FIGURE 9-16 

FS Interference CDFs – West measurement area 

 

9.5 Mitigation techniques 

9.5.1 EESS (passive)  

EESS systems cannot implement guardband at the lower edge of the EESS band since they need to 

operate in the whole 200 MHz allocation. 
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9.5.2 FS 

The use of a guardband of 31 MHz for systems deployed in accordance with Annex 8 to 

Recommendation ITU-R F.746 and, which use more stringent mask for unwanted emissions than 

those given in Recommendation ITU-R SM.1541 and limits for spurious emissions given in 

Recommendation ITU-R SM.329 (Category B) ensure that the levels of unwanted emissions from 

FS systems falling into the band 31.3-31.5 GHz meet the acceptable power given in Tables 9-4 and 

9-5 (about –38 dB(W/100 MHz)). 

Other mitigation techniques such as filtering may also be used to ensure that the maximum 

acceptable power within the passive band may be met. 

9.5.3 Potential impact 

9.5.3.1 EESS 

No impact. 

9.5.3.2 FS 

If the FS systems implement mitigation techniques using both unwanted emission limits, as well as 

limits for spurious emissions given in Recommendation ITU-R SM.329 (Category B) then the 

impact has yet to be determined for FS in countries that do not follow such limits. If other 

techniques are implemented by the FS to meet –38 dB(W/100 MHz), then the impact of those 

techniques needs to be determined as well. 

9.6 Results of the studies 

9.6.1 Summary 

In this Section, it was shown that FS systems operating in the band 31-31.3 GHz deployed in 

Europe using more stringent mask for unwanted emissions than those given in Recommendation 

ITU-R SM.1541 and limits for spurious emissions given in ITU-R SM.329 (Category B) will meet 

the protection maximum acceptable power –38 dB(W/100 MHz). It should be noted that the 

densities of terminals that were considered in the compatibility analysis represent a worst-case 

approach and may be refined. 

A dynamic simulation was also performed to assess the impact of unwanted emissions from the 

currently licensed stations in one administration, as well as a future growth scenario extrapolated 

from these currently licensed stations. The density of the P-P FS stations averaged over the 

10 000 000 km2 simulation area in these deployment models was much lower than the worst-case 

FS density within the passive sensor main beam assumed in the static calculations by a factor 

of 0.02-0.04%. The results of these dynamic simulations indicate that the EESS (passive) 

permissible interference criteria specified in Recommendation ITU-R RS.1029-2 are not exceeded 

for the AMSU passive sensors at the lower assumed FS station densities even when the unwanted 

emission transmit power levels of the P-P FS stations exceed the –38 dB(W/ 100 MHz) of unwanted 

emission power specified in Resolution 738 (WRC-03). 

9.6.2 Conclusion 

When FS systems follow the channel arrangements given in Annex 8 to Recommendation 

ITU-R F.746 and meet more stringent limits for unwanted emissions than the one given in 

Recommendation ITU-R SM.1541 and in RR Appendix 3, the level of unwanted emissions from FS 

systems deployed in the band 31-31.3 GHz may meet –38 dB(W/100 MHz), which would ensure 

compatibility between FS operating in the band 31-31.3 GHz and EESS operating in the 

band 31.3-31.5 GHz  
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10 Compatibility analysis between EESS (passive) systems operating in the 

50.2-50.4 GHz band and FSS (Earth-to-space) systems operating in the 47.2-50.2 GHz 

band 

10.1 EESS (passive) 

10.1.1 Allocated band 

The allocations adjacent to the 50.2-50.4 GHz EESS passive bands are shown in Table 10-1. It 

should be noted that the band 50.2-50.4 GHz is covered by RR No. 5.340 and RR No. 5.340.1 is 

also applicable. 

TABLE 10-1 

Adjacent band allocations 

Services in lower  

allocated band 
Passive band 

47.2-50.2 GHz 50.2-50.4 GHz 

FIXED 

FIXED-SATELLITE (Earth-to-space) 

MOBILE 

 

EARTH EXPLORATION-SATELLITE 

(passive) 

SPACE RESEARCH (passive) 

 

5.149 5.340 5.552 5.552A 5.555 5.340 5.555A 

 

10.1.2 Application  

This frequency band is one of several bands between 50 GHz and 60 GHz that are used collectively 

to provide three-dimensional temperature profiles of the atmosphere. The band from 50.2 to 

50.4 GHz is a “window channel” that can be used to measure emissions from the surface of the 

Earth. It is not only used for calibrations of oxygen temperature measurements in the 50 to 60 GHz 

range but also for calibrating the water vapour measurements made near 23.8 GHz. 

These measurements feed the numerical weather prediction models. The model needs data every 6 h 

and is used for fine mesh weather predictions (10 km or less) on a short time basis (6 h to 48 h.) 

10.1.3 Required protection criteria 

Recommendation ITU-R RS.1029-2 provides the interference criteria for satellite passive remote 

sensing. The permissible interference power received by the EESS sensor from all interfering 

sources is –166 dBW in a 200 MHz reference bandwidth, with a data availability of 99.99% 

according to Recommendation ITU-R RS.1028-2. The corresponding measurement area is a square 

on the Earth of 2 000 000 km2, unless otherwise justified. 

10.1.4 Operational characteristics  

Two types of sensor designs have been considered in this chapter. One is the cross track scanner, 

such as the currently operational AMSU-A sensor, which scans through Nadir. The other one is the 

proposed push-broom sensor which uses multiple fixed beams across its track. It represents the 

future in microwave sounding since it has the specific advantage of permitting a longer integration 

time. Figure 10-1 illustrates the geometry of a Nadir-sounding passive sensor. Table 10-2 provides 

the operating characteristics of the sensor under study.  
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FIGURE 10-1 

In-orbit configuration of a Nadir-sounding passive sensor 

 

TABLE 10-2 

Parameters of Nadir sensors 

Parameters AMSU-A Push-broom 

Type of scan Mechanical Electronic 

Main antenna gain (dBi) 36 45 

Half power beam-width at 3 dB (degrees) 3.3 1.1 

Pixel size across track (km) 45 16 

Useful swath (km) 2 300 2 300 

Polarization V H/V 

Sensor altitude (km) 850 850 

Inclination (degrees) 98.8 98.8 

Orbital period (minutes) 102 102 

Cold calibration antenna gain (dBi) 36 35 

Cold calibration angle relatif to satellite track 

(degrees) 

90 90 

Cold calibration angle relatif to Nadir direction 

(degrees) 

83 83 

Reflector diameter (m) 0.28 0.9 
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The AMSU sensor antenna completes one rotation about its axis, which is aligned with the satellite 

velocity vector, every 8 s. The sensor antenna main beam is pointed at a right angle from the axis of 

rotation so that the beam passes through the sub-satellite point during each scanning cycle. During 

this cycle, the beam steps through 30 pointing angles evenly spaced between ±48.33° from Nadir in 

time steps of 200 ms to conduct measurements. Warm and cold calibration is performed during the 

remaining 2 s of the 8 s scan cycle. The antenna gain pattern of the AMSU sensor is presented in 

Fig. 10-2. 

A “push-broom” sensor has been proposed that has fixed beams in a swath similar to the AMSU A. 

The “push-broom” is a purely static instrument with no moving parts. The major feature of the 

push-broom is that all pixels in a scan-line are acquired simultaneously, and not sequentially as for 

mechanically scanned sensors (i.e. AMSU type), enabling to significantly increase the integration 

time and the achievable radiometric resolution. 

The push-broom antenna system is composed of about 90 individual beams, and the fan-shaped 

composite pattern covers a cross-track angle of 100° centered on the sub-satellite point. Each beam 

has a 45 dBi isotropic gain and about 1.1° half-power beam-width. The antenna pattern of each 

beam is assumed to conform to Recommendation ITU-R F.1245-1. Figure 10-2 presents the antenna 

gain pattern for an individual beam as well as a composite pattern used to simplify the interference 

calculations in Simulation Model No. 1. This composite pattern is an envelope of the peak gains of 

the individual beams along the sensor cross-track axis, and the individual beam pattern along the 

satellite flight direction axis. The fine structure of the antenna patterns of the first 11 contiguous 

beams along one side of the sensor cross-track axis is illustrated on Fig. 10-3. 

FIGURE 10-2 

Antenna gain pattern of the AMSU radiometer, push-broom (single beam)  

and push-broom (composite cross-track) 
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FIGURE 10-3 

Push-broom antenna gain pattern structure 

 

The discrimination between contiguous antenna beams is illustrated also on the Fig. 10-3 (right-side 

ordinate axis of the chart). Designating the antenna beam aiming at the interferer as the reference 

beam (0 dB), the numerical value of the discrimination provided by the individual patterns on the 

next 10 contiguous beams on each side of the reference beam is given in the Table 10-3. This 

parameter is important when considering interference produced by an earth station crossing the 

scanning plane of the passive sensor. 

TABLE 10-3 

Discrimination between contiguous antenna beams 

Beam Ref. 1 2 3 4 5 6 7 8 9 10 

Discrimination 

(dB) 
0 –16.4 –23.9 –28.3 –31.4 –33.8 –35.8 –37.5 –38.3 –40.2 –41.4 

 

Because all beams are simultaneously activated and the discrimination between adjacent beams is 

not infinite, the consequence is that depending on its magnitude and on the geometric configuration, 

interference can affect simultaneously several contiguous beams. 

Section 8 which deals with the compatibility analysis between active and passive bands around 

30 GHz shows that the usage of either the composite representation of the push-broom antenna or 

the detailed fine structure is equivalent. Therefore, for simplicity reason, it is proposed to use in the 

dynamic analysis the composite representation of the push-broom antenna. 
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10.2 FSS (Earth-to-space) 

10.2.1 Allocated transmit band 

Refer to Table 10-1. 

10.2.2 Application 

The active services under consideration for this chapter are the FSS (Earth-to-space) in the 

47.2-50.2 GHz band. 

10.2.3 Representation of unwanted emission spectra 

See § 2 (in particular the technical appendix in § 2.3).  

10.2.4 Transmitter characteristics 

10.2.4.1 Uplink earth station parameters in Dynamic Simulation Study No. 1 

Table 10-4 provides the characteristics of the main GSO networks that are expected to be in 

operation and Table 10-5 provides typical characteristics for a non-GSO FSS network. 

TABLE 10-4 

FSS uplink earth station (ES) parameters 

FSS satellite system FSS type 1 FSS type 2 FSS type 3 FSS type 4 

Occupied bandwidth (MHz) 200 250 492 252 

Maximum ES antenna gain 

(dBi) 

68.2 60 60.9 55.8 

ES e.i.r.p. (dBW) 80 87.9 75.9 68.6 

ES transmitter power 

(dBW) 

11.8 27.9 15 12.8 

ES antenna pattern A-25 LOG(f) Recommendation 

ITU-R S.580 

Recommendation 

ITU-R S.465 

Recommendation 

ITU-R S.465 

ES 3 dB beam-width 

(degrees) 

0.06 0.17 0.2 0.3 

System orbit type GSO GSO GSO GSO 

Tracking strategy 

(always pointed at 

designated GSO satellite) 

None (always 

pointed at 

designated 

GSO satellite) 

None (always 

pointed at 

designated 

GSO satellite) 

None (always 

pointed at 

designated 

GSO satellite) 

None (always 

pointed at 

designated 

GSO satellite) 

Number of satellites 1 1 1 1 

Number of earth stations 1 1 1 1 
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TABLE 10-5 

Typical characteristics of non-GSO uplink earth stations  

in Dynamic Simulation Study No. 1 

System MEOSAT-X WBV3 

Orbit Non-GSO circular GSO 

Altitude (km) 10 352 35 786 

Inclination (degrees) 50 0 

Orbital period 6 h 23 h 56 min 

Satellites in plane 8 Not applicable 

Planes 4 Not applicable 

Polarization LHCP/RHCP LHCP/RHCP 

Modulation O-QPSK D-QPSK 

Bandwidth (MHz) 500 252 

e.i.r.p. (dBW) 88 68.6 

Antenna gain (dBi) 66.08 

(Recommendation 

ITU-R S.580) 

55.8 

Transmitter power (dBW) 21.92 12.8 

 

10.2.4.2 Uplink earth stations parameters in Dynamic Simulation Study No. 2 

This simulation uses earth station parameters considered to be typical within the wide range of 

satellite and earth station parameters specified in satellite coordination filings. Transponder 

bandwidths range from 250 to 1 000 MHz and satellite receiving system noise temperatures range 

from 650 to 1 100 K. The uplink earth stations in these satellite networks range in size from 0.3 to 

13 m in diameter, the emission bandwidths range from 103 kHz to 830 MHz and uplink C/N ranges 

from 5.7 to 20 dB, as reflected in these satellite filings. The maximum and minimum power levels 

for each emission also vary over a wide range, including ranges greater than 30 dB in some cases. A 

combination of parameters corresponding to “small,” “medium,” and “high” capacity earth stations 

were selected within these parameters ranges, and clear sky transmit power levels are calculated to 

produce a specified C/N for an earth station located in the center of the measurement area 

transmitting to the farthest satellite, assuming a 800 K satellite receiving system noise temperature. 

The parameter values and carrier transmit power level calculations for these three typical earth 

stations are presented in Table 10-6. 

These calculated uplink transmit power levels are corrected by a factor to estimate the amount of 

unwanted emission power that falls within the 50.2-50.4 GHz passive sensor band when the FSS 

uplink carrier frequency is at the edge of the FSS band closest to the passive sensor band. This 

factor is defined as the ratio of the unwanted emission falling within the EESS band (obtained by 

numerically integrating the filtered or unfiltered signal over the appropriate spectrum region) and 

the total transmit power. The assumed spectrum representation includes a (sin (x)/x)2 spectrum 

shape of a QPSK emission with a symbol rate equal to the specified bandwidth. In some cases, the 

following attenuation characteristic due to post-modulation filtering was also assumed in 

calculating the unwanted emission power falling within the passive sensor bandwidth: 

        82.50log40 10  cc ffffA  (1) 
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Simulations were conducted for the unwanted emission powers based on the case of only the 

(sin (x)/x)2 spectrum shape of a QPSK emission with no post-modulation filtering and on the case of 

also including the 40 dB per decade attenuation due to post-modulation filtering. 

TABLE 10-6 

Earth station parameters for Dynamic Simulation No. 2 

Typical earth station 0.3M 1.8M 4.5M 

C/N desired (dB) 15 18 18 

Margin 0 0 0 

Earth station antenna gain (dBi) 41.9 57.5 65.4 

Free space loss (dB) 218.2 218.2 218.2 

Atmospheric losses (dB) 3 3 3 

Satellite antenna gain (−1 dB contour) (dBi) 52 52 52 

Satellite receiving system temperature (K) 800 800 800 

Uplink emission bandwidth (MHz) 9.6 27 112 

Required uplink power (dBW) 12.5 4.4 2.7 

Transponder bandwidth (MHz) 250 250 250  

Transponder centre frequency (MHz) 50 075 50 075 50 075 

Uplink carrier frequency (MHz) 50 190 50 185 50 140 

Unwanted emission power w/A(f) (within 

50.2-50.4 GHz) (dB(W/200 MHz)) 

−13.4 −19.1 −23.7 

Unwanted emission factor w/A(f) (dB) −25.9 −23.5 −26.4 

Unwanted emission e.i.r.p. w/A(f) (within 

50.2-50.4 GHz) (dB(W/200 MHz)) 

28.5 38.4 41.7 

Unwanted emission power w/o A(f) (within 

50.2-50.4 GHz) (dB(W/200 MHz)) 

−3.7 −9.1 −11.5 

Unwanted emission factor w/o A(f) (dB) −16.2 −13.5 −14.2 

Unwanted emission e.i.r.p. w/o A(f) (within 

50.2-50.4 GHz) (dB(W/200 MHz)) 

38.2 48.4 53.9 

 

10.3 Interference threshold 

Interference is potentially received from several sources arising from multiple services simul-

taneously. The value listed in Recommendation ITU-R RS.1029 (for a specific band) is the 

maximum permissible interference level for the passive sensor from all sources of interference. 

This chapter provides an analysis of the interference generated by a single active service and the 

criteria specified in § 10.1.3 for the interference threshold. 

10.4 Interference assessment 

Dynamic simulations were conducted to determine the cumulative distribution function of the 

power levels received by a passive sensor over a 2 000 000 km2 measurement area assuming co 

frequency operation. Two dynamic simulation studies were considered that covered a wide range of 

earth station deployment models. 
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10.4.1 Dynamic Simulation Study No. 1 

Simulations were conducted to determine the probability of interference using a time increment of 

0.5 s in order to get accurate results. Simulations stopped when the cumulative distribution function 

becomes stable. Furthermore, it has to be noted that all these simulations presented hereunder only 

deal with the Nadir sounder push-broom satellite. It should also be noted that the number of earth 

stations and the number of satellites in a given FSS system may considerably increase the 

probability of harmful interference occurrence. This will have obviously an impact on the final 

result. 

A bandwidth correction factor is introduced to take into account the difference between the 

necessary bandwidth of the active systems and the reference bandwidth of the passive systems. 

10.4.1.1 FSS systems type 1 

Five GSO satellites FSS type 1 are considered at longitudes 10°, 15°, 20°, 25° and 30° respectively: 

the associated ground stations are at the same longitudes and at 50° N latitude. The results are given 

in the Table 10-7 and in the Fig. 10-4. They are valid over a 2 000 000 km2. 

FIGURE 10-4 

Cumulative distribution resulting from the dynamic analysis between  

FSS systems type 1 and a push-broom passive sensor 

 

TABLE 10-7 

Dynamic analysis between FSS systems type 1 and EESS 

Cumulative distribution (%) 21 3 1.5 0.01 0.001 

Push-broom: corresponding interference power received 

by EESS (dB(W/200 MHz)) 
–184 –173 –166 –123 –120 

 

In that case, the bandwidth correction factor is 0 dB. 

For a cumulative distribution of 0.01%, corresponding to the percentage of time or area the 

interference threshold may be exceeded, the interfering power indicated in Table 10-8 is –123 dBW, 

a value which is 43 dB above the interference threshold.  
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Therefore the provisional maximum value to be adopted for further consideration within the passive 

band for a single active GSO system is: 

  e.i.r.p. = 37 dBW                   (80 dBW – 43 dB) 

As the reference bandwidth of the passive band is 200 MHz, and that the antenna gain is 68.2 dBi, 

the power within the passive band 50.2-50.4 GHz should not exceed −31.2 dBW/reference 

bandwidth of 200 MHz. 

10.4.1.2 FSS systems type 2 

Not considered for the time being. 

10.4.1.3 FSS systems type 3 

Five GSO satellites FSS type 3 are considered at longitudes 10°, 15°, 20°, 25° and 30° respectively: 

the associated ground stations are at the same longitudes and at 50° N latitude. The results are given 

in the Table 10-8 and in the Fig. 10-5. They are valid over a 2 000 000 km2. 

FIGURE 10-5 

Cumulative distribution resulting from the dynamic analysis between  

FSS systems type 3 and a push-broom passive sensor 

 

TABLE 10-8 

Dynamic analysis between FSS systems type 3 and EESS 

Cumulative distribution (%) 40 2 1 0.01 0.0007 

Push-broom: corresponding interference power received 

by EESS (dB(W/492 MHz)) 
–203 –166 –150 –141 –130 

In that case, the bandwidth correction factor is 4 dB. 

For a cumulative distribution of 0.01%, corresponding to the percentage of time or area the 

interference threshold may be exceeded, the interfering power indicated in Table 10-8 is  

–141 – 4 = –145 dBW, a value which is 21 dB above the interference threshold.  
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Therefore the provisional maximum value to be adopted for further consideration within the passive 

band for a single active GSO system is: 

  e.i.r.p. = 50.9 dBW                    (71.9 dBW – 21 dB) 

As the reference bandwidth of the passive band is 200 MHz, and that the antenna gain is 60.9 dBi, 

the power within the passive band 50.2-50.4 GHz should not exceed –10 dBW/reference bandwidth 

of 200 MHz. 

10.4.1.4  FSS systems type 4 

Five GSO satellites FSS type 4 are considered at longitudes 0°, 5°, 10°, 15° and 20° respectively. 

the associated ground stations are at the same longitudes and at 50° N latitude. The results are given 

in the Table 10-9 and in the Fig. 10-6. They are valid over a 2 000 000 km2 covering Europe. The 

characteristics of the FSS systems are described in the Table 10-5, for which the e.i.r.p. of each 

earth station is 68.6 dBW. 

FIGURE 10-6 

Cumulative distribution resulting from the dynamic analysis between  

FSS systems type 4 and a push-broom passive sensor 

 

TABLE 10-9 

Dynamic analysis between FSS systems type 4 and EESS 

Cumulative distribution (%) 40 10 2 1 0.01 0.0002 

Push-broom: corresponding interference power 

received by EESS (dB(W/252 MHz)) 
−205 −91 −166 −152 −142 −140 

In that case, the bandwidth correction factor is 1 dB. 

For a cumulative distribution of 0.01%, corresponding to the percentage of time or area the 

interference threshold may be exceeded, the interfering power indicated in Table 10-9 is  

–142 – 1 = –143 dBW, a value which is 23 dB above the interference threshold.  
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Therefore the provisional maximum value to be adopted for further consideration within the passive 

band for a single active GSO system is: 

  e.i.r.p. = 44.6 dBW                    (67.6 dBW – 23 dB) 

As the reference bandwidth of the passive band is 200 MHz, and that the antenna gain is 55.8 dBi, 

the power within the passive band 50.2-50.4 GHz should not exceed –11.2 dBW/reference 

bandwidth of 200 MHz. 

10.4.1.5 Dynamic calculations with non-GSO systems 

As a non-GSO system, the MEOSAT system is considered. It is originally planned that the number 

of earth stations is unlimited until it is global: for the purpose of this simulation, 6 ground stations 

are foreseen. The corresponding FSS system characteristics are described in the Table 10-6, for 

which the e.i.r.p. of each earth station is 88 dBW. 

The results are given in the Table 10-10 and in the Fig. 10-7. They are valid over an area of 

2 000 000 km2. 

TABLE 10-10 

Dynamic analysis between non-GSO system MEOSAT and EESS 

Cumulative distribution (%) 10 1 0.1 0.01 

Push-broom: corresponding interference power 

received by EESS (dB(W/500 MHz) 
–277 –174 –124 –121 

FIGURE 10-7 

Cumulative distribution resulting from the dynamic analysis between 

 non-GSO MEOSAT system and a push-broom passive sensor 

 

In that case, the bandwidth correction factor is 4 dB. 

For a cumulative distribution of 0.01%, corresponding to the percentage of time or area the 

interference threshold may be exceeded, the interfering power indicated in Table 10-10 is –121 – 4 

= –125 dBW, a value which is 41 dB above the interference threshold. 
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Therefore the provisional maximum value to be adopted for further consideration within the passive 

band for a single active non-GSO system is: 

  e.i.r.p. = 43 dBW                    (84 dBW – 41 dB) 

As the reference bandwidth of the passive band is 200 MHz, and that the antenna gain is 66 dBi, the 

power within the passive band 50.2-50.4 GHz should not exceed –23 dBW/reference bandwidth of 

200 MHz. 

10.4.1.6 Assessment of the interference attenuation 

Table 10-11 shows the various power levels obtained through the previous simulations and the 

usage of Recommendation ITU-R SM.1541 and the fill factor in accordance with the methodology 

(in particular in the appendix).  

TABLE 10-11 

Assessment of the power levels obtained through the computation  

of the various dynamic analysis in the aggregate case 

Aggregate 

scenario 

Interfering 

power for a 

cumulative 

distribution of 

0.01% 

(dBW) 

EESS 

threshold 

exceedence 

Provisional 

maximum e.i.r.p. 

within the passive 

band  

(dB(W/200 MHz)) 

Provisional 

maximum power 

within the passive 

band 

(dB(W/200 MHz)) 

Power achieved 

through the usage 

of Rec. ITU-R 

SM.1541 in 

accordance with 

the methodology 

(dB(W/200 MHz)) 

Maximum power 

achieved through 

the usage of ITU-

R SM.1541 and 

the fill factor 

(see methodology) 

(dB(W/200 MHz)) 

GSO FSS 

type 1 
−123 43 37 −31.2 3.8 −11.2 

GSO FSS 

type 2 
NA NA NA NA NA NA 

GSO FSS 

type 3 
−145 21 50.9 −10 6 −9 

GSO FSS 

type 4 
−143 23 44.6 −11.2 4.8 −10.2 

Non-GSO 

FSS 
(Mosat) 

−125 41 43 −23 13 −2 

 

The methodology adopted to compute the maximum achievable power, is based on the combined 

usage of Recommendation ITU-R SM.1541 and the fill factor. It has been established that the mask 

contained in Recommendation ITU-R SM.1541 overestimates the out of band power; it is still the 

case even if Recommendation ITU-R SM.1541 and the fill factor are used together. It is expected 

that the combined usage of spectrum shape such as (sin x/x)2 together with a post modulation filter 

such as the one characterized by equation (1) in § 10.2.4.2., will greatly improve the compatibility 

situation (see also § 2 for further details). 

10.4.2 Dynamic Simulation Study No. 2 

Recommendation ITU-R RS.1029-2 specifies permissible interference levels for passive sensors in 

this band in terms of the percentage of a 2 000 000 km2 measurement area over which these levels 

may be exceeded. In order to conduct a dynamic analysis of interference into a passive sensor, an 

FSS uplink deployment model is needed to represent the sources of interference while the passive 

sensor is conducting measurements over such a 2 000 000 km2 area. 

Many FSS systems in this portion of the spectrum are likely to be designed to provide broadband 

services to large numbers of customers using various types of uplink earth stations characterized by 
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a range of antenna diameters and e.i.r.p. reflecting a range of capacity requirements. In order to 

develop a possible deployment model for such systems in the 47.2–50.2 GHz band, an examination 

was made of the satellite filings contained in the ITU-R’s on-line Satellite Network List to develop 

FSS deployment models for a low latitude area covering Asia and a high latitude area covering 

Europe. Both of these areas are characterized by a large number of satellite coordination requests 

since the beginning of 2000. For the purpose of this dynamic simulation, the Asia measurement area 

is defined by the area of the earth’s surface bounded by lines of constant latitude at 18.84° and 

29.16° North Latitude, and lines of constant longitude at 93.43° and 110.57° East Longitudes has an 

area of 2 000 000 km2 with its center at 45° North Latitude and 105° East Longitude. The European 

passive sensor measurement area is defined by the area of the Earth’s surface bounded by lines of 

constant latitude at 38.66° and 53.34° North Latitude, and lines of constant Longitude at 9.06° and 

24.94° East Longitudes, with its center at 46° North Latitude and 17° East Longitude. These passive 

sensor measurement areas are illustrated in Figs. 10-8 and 10-9. 

FIGURE 10-8 

Asia EESS measurement areas and FSS deployment models 
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FIGURE 10-9 

Europe EESS measurement areas and FSS deployment models 

 

In order to determine the number of uplink earth stations that might operate within or just outside of 

this passive sensor measurement area, it is assumed that the measurement area is covered by slightly 

overlapping spot beams from an FSS satellite. Examination of a sample of the ITU-R satellite 

filings in this band indicates that a FSS beam gain of about 50 dBi may be typical, which 

corresponds to a –3 dB beamwidth of about 0.5°. As illustrated in Figs. 10-8 and 10-9, the Asia 

measurement area can be covered by an array of 35 spot beams and the Europe measurement area 

can be covered by an array of 48 spot beams. 

GSO FSS satellites located between 72° and 132° East Longitude on the GSO arc would provide a 

minimum elevation angle greater than 35° over the Asia measurement area, and satellites between 

1° West Longitude and 35° East Longitude on the GSO arc would provide a minimum elevation 

angle greater than 25° over the Europe measurement area. In the absence of polarization 

discrimination between adjacent satellites serving the same service area, and to take into account 

possible inhomogeneities between satellites, a 4° orbital spacing has been assumed for this FSS 

deployment model. Since co-channel transmissions are not normally possible in overlapping 

satellite beams, it is assumed that uplink transmission can be conducted on the highest frequency 

satellite channel (i.e. closest to the EESS band edge) in only one-half of the spot beams on each FSS 

satellite in this model. 

One FSS uplink earth station is assumed to be located at the center of each beam, and the pairing of 

an FSS uplink earth station and receiving satellite is done in a way that avoids earth stations in 

adjacent beam positions transmitting to the same satellite. This results in either 17 or 18 earth 

stations for the Asia measurement area, and 24 earth stations for the Europe measurement area, 

distributed across the indicated service area transmitting to any particular FSS satellite position on 

the FSS frequency channel closest to the passive sensor band. This model assumes that the pointing 

of each satellite beam is fixed. If the FSS satellite employs beam hopping techniques, this 
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simulation model would have to be modified and the resulting interference CDFs are likely to be 

substantially different from those presented below. 

For the broadband FSS deployment models illustrated in Figs. 10-8 and 10-9, a simulation was run 

to produce the CDF over a simulation run of 16 days with a 200 ms step size when the passive 

sensor was able to sample points within the measurement area. The CDFs of the interference from 

the FSS uplinks into the passive sensor in the 50.2-50.4 GHz band are presented in Figs. 10-10 

and 10-11. 

FIGURE 10-10 

Asia FSS deployment model interference CDF 
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FIGURE 10-11 

Europe FSS deployment model interference CDF 

 

Tables 10-12 and 10-13 compare the results of these simulations with the permissible interference 

level for current passive sensors specified in Recommendation ITU-R RS.1029-2 assuming no post-

modulation filtering of the uplink transmission, and assuming a 40 dB/decade attenuation from 

post-modulation filtering. 

TABLE 10-12 

Analysis of simulation results (no post-modulation filtering) 

FSS uplink earth station 

type 

Asia measurement area Europe measurement area 

4.5M 1.8M 0.3M 4.5M 1.8M 0.3M 

High 

capacity 

Medium 

capacity 

Low 

capacity 

High 

capacity 

Medium 

capacity 

Low 

capacity 

Assumed unwanted 

emission e.i.r.p. 

(dB(W/200 MHz)) with 

no post-modulation 

filtering 

53.9 48.4 38.2 53.9 48.4 38.2 

Interference level 

exceeded over 0.01% of 

area (dB(W/200 MHz)) 

−143 −146.5 −150.5 −158 −156.3 −159 

Permissible interference 

level (dB(W/200 MHz)) 
−166 −166 −166 −166 −166 −166 
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TABLE 10-12 (end) 

FSS uplink earth station 

type 

Asia measurement area Europe measurement area 

4.5M 1.8M 0.3M 4.5M 1.8M 0.3M 

High 

capacity 

Medium 

capacity 

Low 

capacity 

High 

capacity 

Medium 

capacity 

Low 

capacity 

Excess over permissible 

interference level (dB) 
23 19.5 15.5 8 9.7 7 

Permissible unwanted 

emission e.i.r.p. 

(dB(W/200 MHz)) 

30.9 28.9 22.7 45.9 38.7 31.2 

 

TABLE 10-13 

Analysis of simulation results (with post-modulation filtering) 

FSS uplink earth station 

type 

Asia measurement area Europe measurement area 

4.5M 1.8M 0.3M 4.5M 1.8M 0.3M 

High 

capacity 

Medium 

capacity 

Low 

capacity 

High 

capacity 

Medium 

capacity 

Low 

capacity 

Assumed unwanted 

emission e.i.r.p. 

(dB(W/200 MHz)) with 

post-modulation filtering 

41.7 38.4 28.5 41.7 38.4 28.5 

Interference level 

exceeded over 0.01% of 

area (dB(W/200 MHz)) 

−155 −156.3 −160.5 −168 −166.3 −169 

Permissible interference 

level (dB(W/200 MHz)) 
−166 −166 −166 −166 −166 −166 

Excess over permissible 

interference level (dB) 
11 9.7 5.5 −2 −0.3 −3 

Permissible unwanted 

emission e.i.r.p. 

(dB(W/200 MHz)) 

30.7 28.7 23 43.7 38.7 31.5 

 

Additional simulation runs were conducted for the Asia measurement area to investigate the 

sensitivity of the results to the assumptions in the deployment model on the number of FSS 

satellites serving earth stations in the measurement area and the frequency re-use pattern between 

the satellite beams. Specifically, runs were conducted to cover the cases of 16, 8, 4 and 2 satellites 

and for a 1:2 and 1:4 frequency re-use pattern between the satellite beams. The resulting CDFs are 

plotted in Figs. 10-12 and 10-13, and unwanted emission e.i.r.p. levels required to satisfy the 

Recommendation ITU-R RS.1029-2 permissible interference criteria are presented in Table 10-14.  

It should be noted that the frequency re-use and numbers of assumed satellites used in these 

simulations are intended to define a simulation model to distribute different numbers of uplink earth 

stations within the 2 000 000 km2 measurement area that are assumed to be operating on the 

satellite channel nearest the edge of the FSS band adjacent to the EESS (passive) band. While the 

parameters are derived from ITU coordination filings, these simulation models represent an upper 
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limit on the potential deployment density of uplink earth stations in this band, with the higher 

densities (especially those based on 1:2 frequency re-use) unlikely to be achievable in practice. 

However, it should also be noted that despite this wide variation in earth station deployment 

densities from 24 to 280 earth stations per 2 000 000 km2, there is only a 1.8 to 3.3 dB variation in 

the permissible unwanted emission e.i.r.p. for any assumed uplink configuration in Table 10-14. 

FIGURE 10-12a 

High capacity FSS uplink interference CDF (1:2 reuse) 
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FIGURE 10-12b 

Medium capacity FSS uplink interference CDF (1:2 reuse) 

 

FIGURE 10-12c 

Low capacity FSS uplink interference CDF (1:2 reuse) 
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FIGURE 10-13a 

High capacity FSS uplink interference CDF (1:4 reuse) 

 

FIGURE 10-13b 

Medium capacity FSS uplink interference CDF (1:4 reuse) 
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FIGURE 10-13c 

Low capacity FSS uplink interference CDF (1:4 reuse) 

 

TABLE 10-14 

Permissible unwanted emission e.i.r.p. levels for various uplink assumptions 

Permissible 

unwanted 

emission e.i.r.p. 

level 

(dB(W/200 MHz)) 

for uplink earth 

station case 

1:4 reuse factor 1:2 reuse factor 

16 FSS 

satellites 

8 FSS 

satellites 

4 FSS 

satellites 

2 FSS 

satellites 

16 FSS 

satellites 

8 FSS 

satellites 

4 FSS 

satellites 

2 FSS 

satellites 

Typical 0.3 m FSS 

ES w/A(f) 
24.9 25.5 25.7 25.7 23.1 24.7 25.5 25.5 

Typical 1.8 m FSS 

ES w/A(f) 
28.5 31.2 31.2 31.2 27.9 28.2 28.2 30.9 

Typical 4.5 m FSS 

ES w/A(f) 
33.5 34.2 34.2 34.5 32.7 34.2 34.2 34.5 

Typical 0.3 m FSS 

ES w/o A(f) 
24.7 25.2 25.4 25.4 22.9 24.4 25.2 25.2 

Typical 1.8 m FSS 

ES w/o A(f) 
28.5 31.1 31.1 31.1 27.9 28.2 28.2 31.0 

Typical 4.5 m FSS 

ES w/o A(f) 
33.5 34.4 34.4 34.7 32.9 34.4 34.4 34.7 

 

Some of the study results shown in Table 10-14 were based on very conservation assumptions, such 

as each satellite having maximum possible number of beams within 2 000 000 km2, two-times 

frequency reuse, up to 16 satellites providing the same coverage areas, etc. In reality, the FSS 
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satellite system would not be able to operate under all such conditions. For deployment of other 

types of FSS earth stations, the permissible unwanted emission levels could be higher than the 

values shown in Table 10-14. 

10.5 Mitigation techniques 

10.5.1 EESS (passive) 

Current and future passive sensors integrate the signal received at the satellite and it is not possible 

to differentiate between the natural and the artificial emissions. There are no proven techniques for 

identifying passive sensor measurements corrupted by interference and mitigating the impact of 

such corrupted measurements on weather predictions or other scientific studies using this data. 

10.5.2 FSS 

Most FSS systems operate or are planning to operate using both pre-modulation and post 

modulation filters. All FSS earth stations use pre-modulation filters, and information has been 

provided concerning the usage of post modulation filters for some FSS systems addressed in the 

simulation studies. When information was not available, generic models in the methodology in § 2. 

were used to determine how much attenuation is applied to unwanted emissions falling within the 

EESS (passive) band for other cases. 

10.5.3 Potential impact 

10.5.3.1 EESS (passive) 

If interference exceeds permissible levels, there is a risk to get corrupted measurements from 

several areas that may impact reliable weather forecasts or other scientific applications using the 

sensor data products. 

10.5.3.2 FSS 

FSS systems are planning to implement both pre-modulation and post modulation filters and in 

some cases, those filters are more efficient in terms of attenuation of unwanted emissions. It is to be 

noted that no additional filtering or other mitigation techniques are foreseen. Therefore, future 

development of FSS services won’t be constrained in the band. 

10.6 Results of studies 

10.6.1 Summary 

Two dynamic simulations have been considered to determine the expected levels of unwanted 

emissions from FSS uplinks in the 47.2-50.2 GHz band into EESS (passive) receivers in the 

50.2-50.4 GHz band. Each of these studies identified the power levels of unwanted emission for 

which the aggregate permissible passive sensor interference level of Recommendation ITU-R 

RS.1029-2 is not exceeded for the FSS deployment model and parameters assumed in the 

simulation study. The results are summarized in Table 10-15. 



 Rep.  ITU-R  SM.2092-0 221 

TABLE 10-15 

Summary of dynamic simulation results 

Passive 

sensor 
FSS system 

FSS uplink 

deployment 

Maximum 

unwanted power 

within the passive 

band 

(dB(W/200 MHz)) 

Unwanted 

emission 

power  

ratio(1) 

(dB) 

Available unwanted 

emission power 

reduction factor(2) 

Push-broom GSO FSS 

type 1 

5 FSS uplinks 

for 5 GSO 

–31.2 43 23 dB using 

Recommendation ITU-R 

SM.1541 and the fill 

factor in accordance with 

the methodology(3) 

Push-broom GSO FSS 

type 3 

5 FSS uplinks 

for 5 GSO 

–10 21 21 dB using 

Recommendation ITU-R 

SM.1541 and the fill 

factor in accordance with 

the methodology(3)  

Push-broom GSO FSS 

type 4 

5 FSS uplinks 

for 5 GSO 

–11.2 23 22 dB using 

Recommendation ITU-R 

SM.1541 and the fill 

factor in accordance with 

the methodology(3) 

Push-broom Non-GSO 

FSS 

MEOSAT 

6 FSS uplinks 

for 8 non-GSO 

(MEO) 

–23 41 20 dB using 

Recommendation ITU-R 

SM.1541 and the fill 

factor in accordance with 

the methodology(3) 

AMSU 

10 GSO 

satellites 

between 1° 

West and 

35° East 

Long. 

24 FSS uplinks 

per GSO 

satellite 

distributed over 

2 000 000 km2 

Europe 

measurement 

area (240 total) 

–10.7/–18.8/ 

–19.5 depending on 

earth station type 

31.2/38.7/ 

45.9 

23.2/23.2/ 

22.2 depending 

on earth station 

type 

25.9/23.5/26.4 dB by 

sin2 x/x2 spectrum shape, 

and A(f) post-modulation 

filtering 

16.2/13.5/14.2 dB by 

sin2 x/x2 spectrum shape 

AMSU 

16 GSO 

satellites 

between 72° 

and 132° 

East Long.  

17 or 18 FSS 

uplinks per 

GSO satellite 

distributed over 

2 000 000 km2 

Asia 

measurement 

area (280 total) 

–19.2/–28.6/ 

–34.5 depending on 

earth station type 

22.7/28.9/30.9 

depending on 

earth station 

type 

25.9/23.5/26.4 dB by 

sin2 x/x2 spectrum shape, 

and A(f) post-modulation 

filtering 

16.2/13.5/14.2 dB by 

sin2 x/x2 spectrum shape 

(1) Ratio of total transmit power to unwanted emission power in passive band. 

(2) For push-broom studies, values derived from formulas in the methodology; for AMSU studies, values derived 

from Table 10-6. 

(3) The methodology adopted to compute the maximum achievable power, is based on the combined usage of 

Recommendation ITU-R SM.1541 and the fill factor. It has been established that the mask contained in 

Recommendation ITU-R SM.1541 overestimates the out of band power; it is still the case even if 

Recommendation ITU-R SM.1541 and the fill factor are used together. It is expected that the combined usage of 

spectrum shape such as (sin x/x)2 together with a post modulation filter such as the one characterized by 

equation (1) in § 10.2.4.2., will greatly improve the compatibility situation (see also § 2. for further details). 
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Two sets of dynamic simulations were conducted to evaluate the interference levels that might be 

produced by unwanted emissions of FSS uplinks into a passive sensor. One set of dynamic 

simulations of interference into a current passive sensor concluded that the EESS (passive) 

aggregate permissible interference criteria may be exceeded by the FSS if the unwanted emission 

powers exceed –34.5 to –10.7 dB(W/200 MHz) in a widespread deployment of a large number of 

FSS earth stations with parameters similar to those proposed in recent ITU-R satellite filings. In 

terms of unwanted emission e.i.r.p., this range is 22.7 to 45.9 dB(W/200 MHz). 

Another set of dynamic simulations using future passive sensors and some wide bandwidth earth 

stations concluded that a limitation of the emission power supplied to the antenna port of between 

–31.2 and –10 dB(W/200 MHz) within the passive band, for a single GSO or non-GSO FSS system, 

would protect the EESS (passive) band 50.2-50.4 GHz from unwanted emissions derived from FSS 

uplinks operating within the band 47.2-50.2 GHz, for typical earth station antenna gain between 55 

and 70 dBi.  

10.6.2 Conclusions 

One study represents an upper limit on FSS uplink deployment densities, with the highest densities 

assumed in the simulations unlikely to be achievable in practice. The second study assumes a low 

density of uplink earth stations, compared with deployment densities achieved in other FSS bands, 

with the risk that the unwanted emission interference levels into the EESS (passive) may be higher 

than those determined by this study. The first study concludes that unwanted emission FSS earth 

station transmit power densities between –20 and –10 dB(W/200 MHz) will cause interference 

levels that exceed the aggregate permissible EESS (passive) criteria for some FS deployment 

models, but which would still allow the EESS (passive) sensors to perform their missions in an 

acceptable manner. These levels of FSS earth station unwanted emissions may be achievable by a 

combination of spectral shaping and post-modulation filtering.  

The second study concludes that, taking into account the results of the different simulations and 

their corresponding attenuation assessment, limiting FSS uplinks in the band 47.2-50.2 GHz, to an 

unwanted emission power level at the antenna port of –20 dB(W/200) MHz within the 

50.2-50.4 GHz band is necessary to achieve compatibility. It is to be noted that this proposed 

unwanted emission level can be met by the FSS systems considered in this study.   

11 Compatibility analysis between EESS (passive) systems operating in the 

50.2-50.4 GHz band and the FSS (Earth-to-space) service systems operating in the 

50.4-51.4 GHz band 

11.1 EESS (passive) 

11.1.1 Allocated band 

The allocations adjacent to the 50.2-50.4 GHz EESS passive band are shown in Table 11-1. It 

should be noted that the band 50.2-50.4 GHz is covered by RR No. 5.340 and RR No. 5.340.1 is 

also applicable. 
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TABLE 11-1 

Adjacent band allocations 

Passive band 
Services in upper  

allocated band 

50.2-50.4 GHz 50.4-51.4 GHz 

EARTH EXPLORATION-

SATELLITE (passive) 

SPACE RESEARCH (passive)  

FIXED 

FIXED SATELLITE  

(Earth-to-space) 

MOBILE 

Mobile-satellite (Earth-to-space) 

 

5.340 5.555A 

 

 

11.1.2 Application 

This frequency band is one of several bands between 50 GHz and 60 GHz that are used collectively 

to provide three-dimensional temperature profiles of the atmosphere. The band from 50.2 to 

50.4 GHz is a “window channel” that can be used to measure emissions from the surface of the 

earth. It is not only used for calibrations of oxygen temperature measurements in the 50 to 60 GHz 

range but also for calibrating the water vapour measurements made near 23.8 GHz. 

These measurements feed the numerical weather prediction models. The model needs data every 6 h 

and is used for fine mesh weather predictions (10 km or less) on a short time basis (6 h to 48 h). 

11.1.3 Required protection criteria 

Recommendation ITU-R RS.1029-2 provides the interference criteria for satellite passive remote 

sensing. The permissible interference power received by the EESS sensor from all interfering 

sources is –166 dBW in a 200 MHz reference bandwidth, with a data availability of 99.99% 

according to Recommendation ITU-R RS.1028-2. The corresponding measurement area is a square 

on the Earth of 2 000 000 km2, unless otherwise justified. 

11.1.4 Operational characteristics  

Two types of sensor designs have been considered in this Section. One is the cross track scanner, 

such as the currently operational AMSU-A sensor, which scans through Nadir. The other is the 

proposed push-broom sensor which uses multiple fixed beams across its track. The push-broom 

instrument is a Nadir-looking instrument configured to measure in a plane normal to the satellite 

velocity vector. It is noted that the push-broom scanner represents the future in microwave 

sounding. It has the specific advantage of optimizing the integration time. Table 11-2 provides the 

operating characteristics of the two sensors under study: the AMSU-A and the push-broom. The 

configuration in orbit is illustrated in Fig. 11-1 for the push-broom. 
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TABLE 11-2 

Parameters of the Nadir sensors 

 

The AMSU sensor antenna completes one rotation about its axis, which is aligned with the satellite 

velocity vector, every 8 s. The sensor antenna main beam is pointed at a right angle from the axis of 

rotation so that the beam passes through the sub-satellite point during each scanning cycle. During 

this cycle, the beam steps through 30 pointing angles evenly spaced between ±48.33° from Nadir in 

time steps of 200 ms to conduct measurements. Warm and cold calibration is performed during the 

remaining 2 s of the 8 s scan cycle. The antenna gain pattern of the AMSU sensor is presented in 

Fig. 11-2. 

Parameters AMSU-A Push-broom 

Type of scan Mechanical Electronic 

Main antenna gain (dBi) 36 45 

Half power beam-width at 3 dB (degrees) 3.3 1.1 

Pixel size across track (km) 45 16 

Useful swath (km) 2 300 2 300 

Orbit Sun synchronous polar Sun synchronous polar 

Sensor altitude (km) 850 850 

Inclination (degrees) 98.8 98.8 

Orbital period (min) 102 102 

Cold calibration antenna gain (dBi) 36 35 

Cold calibration angle relatif to satellite track 

(degrees) 

90 90 

Cold calibration angle relatif to Nadir direction 

(degrees) 

83 83 

Reflector diameter (m) 0.28 0.9 
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FIGURE 11-1 

In-orbit configuration of the push-broom Nadir sounder 

(Orbital configuration of push-broom passive sounder) 

 

FIGURE 11-2 

Antenna gain pattern of the AMSU radiometer, push-broom (single beam) 

and push-room (composite cross track) 
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A push-broom sensor has been proposed that has fixed beams in a swath similar to the AMSU A. 

The push-broom is a purely static instrument with no moving parts. The major feature of the push-

broom is that all pixels in a scan-line are acquired simultaneously, and not sequentially as for 

mechanically scanned sensors (i.e. AMSU type), enabling to significantly increase the integration 

time and the achievable radiometric resolution. 

The push-broom antenna system is composed of about 90 individual beams, and the fan-shaped 

composite pattern covers a cross-track angle of 100° centered on the sub-satellite point. Each beam 

has a 45 dBi isotropic gain and about 1.1° half-power beam-width. The antenna pattern of each 

beam is assumed to conform to Recommendation ITU-R F.1245-1. Figure 11-2 presents the antenna 

gain pattern for an individual beam as well as a composite pattern used to simplify the interference 

calculations in simulation model No. 1. This composite pattern is an envelope of the peak gains of 

the individual beams along the sensor cross-track axis, and the individual beam pattern along the 

satellite flight direction axis. The fine structure of the antenna patterns of the first 11 contiguous 

beams along one side of the sensor cross-track axis is illustrated on Fig. 11-3. 

FIGURE 11-3 

Fine structure of the composite push-broom antenna pattern and discrimination 

 

The discrimination between contiguous antenna beams is illustrated also on Fig. 11-3 (right-side 

axis of the chart). Considering the antenna beam which is aiming at the interferer as the reference 

beam (0 dB), the numerical value of the discrimination provided by the individual patterns on the 

next 10 contiguous beams on each side of the reference beam is given in the Table 11-3. This 

parameter is important when considering interference produced by an earth station crossing the 

scanning plane of the passive sensor. 
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TABLE 11-3 

Discrimination between contiguous antenna beams 

Beam Ref. 1 2 3 4 5 6 7 8 9 10 

Discrimination (dB) 0 –16.4 –23.9 –28.3 –31.4 –33.8 –35.8 –37.5 –38.3 –40.2 –41.4 

Because all beams are simultaneously activated and the discrimination between adjacent beams is 

not infinite, the consequence is that depending on its magnitude and on the geometric configuration, 

interference can affect simultaneously several contiguous beams.  

Section 8 which deals with the compatibility analysis between active and passive bands around 

30 GHz shows that the usage of either the composite representation of the push-broom antenna or 

the detailed fine structure is equivalent. Therefore, for simplicity reason, it is proposed to use in the 

dynamic analysis the composite representation of the push-broom antenna. 

11.2 FSS  

11.2.1 Allocated transmit band 

Refer to Table 11-1. 

11.2.2 Application 

The active service under consideration for this chapter is the FSS (Earth-to-space) in the 

50.4-51.4 GHz band. 

11.2.3 Representation of unwanted emission spectra 

See § 2, in particular the technical appendix in § 2.3. 

11.2.4 Transmitter characteristics 

11.2.4.1  Uplink earth station parameters in Dynamic Simulation Study No. 1 

The characteristics for the FSS assumed in Dynamic Simulation No. 1 are presented in Table 11-4. 

Satellite system characteristics to be considered in frequency sharing analyses between GSO and 

non-GSO satellite systems in the FSS including feeder links for the MSS.  

TABLE 11-4 

Characteristics of GSO uplink earth stations in deployment model 1 

 FSS model 1 

uplink No. 1 

FSS model 1 

uplink No. 2 

FSS model 2 

Modulation QPSK QPSK QPSK 

Necessary bandwidth (MHz) 492 252 500 

e.i.r.p. (dBW) 75.9 69.8 83.9 

Antenna gain (dBi) 60.9 55.8 64.8 

Reference antenna pattern Recommendation 

ITU-R S.465 

Recommendation 

ITU-R S.465 

Recommendation 

ITU-R S.465 

Transmitter power (dBW) 15 13.2 19.1 
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11.2.4.2  Uplink earth stations parameters in Dynamic Simulation Study No. 2 

This simulation uses earth station parameters considered to be typical within the wide range of 

satellite and earth station parameters specified in satellite coordination filings. Transponder 

bandwidths range from 250 to 1,000 MHz and satellite receiving system noise temperatures range 

from 650 to 1 100 K. The uplink earth stations in these satellite networks range in size from 0.3 to 

13 meters in diameter, the emission bandwidths range from 103 kHz to 830 MHz and uplink C/N 

ranges from 5.7 to 20 dB, as reflected in these satellite filings. The maximum and minimum power 

levels for each emission also vary over a wide range, including ranges greater than 30 dB in some 

cases. A combination of parameters corresponding to “small,” “medium,” and “high” capacity earth 

stations were selected within these parameters ranges, and clear sky transmit power levels to 

produce a specified C/N were calculated for an earth station located in the center of the 

measurement area transmitting to the farthest satellite, assuming a 800 K satellite receiving system 

noise temperature. The parameter values and carrier transmit power level calculations for these 

three typical earth stations are presented in Table 11-5. 

These calculated uplink transmit power levels are corrected by a factor to estimate the amount of 

unwanted emission power that falls within the 50.2-50.4 GHz passive sensor band when the FSS 

uplink carrier frequency is at the edge of the FSS band closest to the passive sensor band. This 

factor is defined as the ratio of the unwanted emission power that falls within the victim receiver 

(e.g. passive sensor) bandwidth (obtained by numerically integrating the filtered and unfiltered 

signal over the appropriate spectrum region) and the total transmit power. The assumed spectrum 

representation includes a (sin (x)/x)2 spectrum shape of a QPSK emission with a symbol rate equal 

to the specified bandwidth. In some cases, the following attenuation characteristic due to post-

modulation filtering was also assumed in calculating the unwanted emission power falling within 

the passive sensor bandwidth: 

        84.50log40 10  cc ffffA  (1) 

Simulations were conducted for the unwanted emission powers based on the case of only the 

(sin (x)/x)2 spectrum shape of a QPSK emission with no post-modulation filtering and on the case of 

also including the 40 dB per decade attenuation due to post-modulation filtering. 

TABLE 11-5 

FSS uplink earth station parameters 

Typical earth station 0.3 M 1.8 M 4.5 meters 

     

C/N desired 15 18 18 dB 

Margin 0 0 0  

Earth station antenna gain 41.9 57.5 65.4 dBi 

Uplink emission bandwidth 9.6 27 112 MHz 

     

Required uplink power 12.5 4.4 2.7 dBW 

     

Transponder bandwidth 250 250 250 MHz 

Transponder center frequency 50 525 50 525 50 525 MHz 

Uplink carrier frequency 50 410 50 415 50 460 MHz 

     

Unwanted emission power w/A(f) (within 50.2-50.4 GHz) –13.7 –19.3 –23.7 dB(W/200 MHz) 

Unwanted emission factor w/A(f) –26.3 –23.7 –26.4 dB 

Unwanted emission e.i.r.p. w/A(f) (within 50.2-50.4 GHz) 28.2 38.2 41.7 dB(W/200 MHz) 



 Rep.  ITU-R  SM.2092-0 229 

TABLE 11-5 (end) 

Unwanted emission power w/o A(f) (within 50.2-50.4  GHz) –3.9 –9.1 –11.5 dB(W/200 MHz) 

Unwanted emission factor w/o A(f) –16.5 –13.6 –14.2 dB 

Unwanted emission e.i.r.p. w/o A(f) (within 50.2-50.4  GHz) 38.0 48.4 53.9 dB(W/200 MHz) 

 

11.3 Interference threshold 

Interference is potentially received from several sources arising from multiple services 

simultaneously. The value listed in Recommendation ITU-R RS.1029-2 (for a specific band) is the 

maximum permissible interference level for the passive sensor from all sources of interference. 

This chapter provides an analysis of the interference generated by a single active service and uses 

the criteria specified in § 11.1.3 for the interference threshold. 

11.4 Interference assessment 

Dynamic simulations were conducted to determine the cumulative distribution function of the 

unwanted power levels received by a passive sensor over a 2 000 000 km2 measurement area 

assuming co-frequency operation. Two dynamic simulations studies were considered that covered a 

wide range of earth station deployment models. 

11.4.1 Dynamic simulation study No. 1 

This dynamic simulation was performed for the push-broom sensor for FSS systems. The time 

increment for those dynamic simulations is 500 ms. Simulations are interrupted whenever the 

cumulative distribution function becomes stable. 

A bandwidth correction factor is introduced to take into account the difference between the 

necessary bandwidth of the active systems and the reference bandwidth of the passive systems. 

11.4.1.1 FSS systems using deployment model 1, uplink No. 1 

Five GSO satellites FSS deployment model 1, uplink No. 1 are considered at longitudes 0°, 5°, 9°, 

13° and 16° respectively. The associated ground stations are at the same longitudes and at 50° N 

latitude. The results are given in the Table 11-6 and in the Fig. 11-4. They are valid over a 

2 000 000  km2 covering Europe. The characteristics of the FSS systems are described in 

Table 11-4, for which the e.i.r.p. of each earth station is 75.9 dBW. 
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FIGURE 11-4 

Cumulative distribution resulting from the dynamic  

analysis between FSS systems deployment model 1,  

uplink No. 1 and a push-broom passive sensor 

 

TABLE 11-6 

Dynamic analysis between FSS systems deployment model 1, uplink No. 1 and EESS 

Cumulative distribution (%) 30 1 0.1 0.01 0.0004 

Push-broom: corresponding interference power 

received by EESS (dB(W/200 MHz)) 
–199 –148 –138 –136 –135 

 

In that case, the bandwidth correction factor is 4 dB. 

For a cumulative distribution of 0.01%, corresponding to the percentage of time or area the 

interference threshold may be exceeded, the interfering power indicated in Table 11-6 is –136 – 4 = 

–140 dBW, a value which is 26 dB above the interference threshold.  

Therefore the provisional maximum value to be adopted for further consideration within the passive 

band for a single active GSO system is: 

  e.i.r.p. = 45.9 dBW          (71.9 dBW – 26 dB) 

As the reference bandwidth of the passive band is 200 MHz, and that the antenna gain is 60.9 dBi, 

the power within the passive band 50.2-50.4 GHz should not exceed –15 dBW/reference bandwidth 

of 200 MHz. 

11.4.1.2  FSS systems using deployment model 1, uplink No. 2 

Five GSO satellites FSS deployment model 1, uplink No. 2 are considered at longitudes 0°, 5°, 9°, 

13° and 16° respectively. The associated ground stations are at the same longitudes and at 50° N 

latitude. The results are given in the Table 11-7 and in the Fig. 11-5. They are valid over a 

2 000 000 km2 covering Europe. The characteristics of the FSS systems are described in the 

Table 11-4, for which the e.i.r.p. of each earth station is 69 dBW. 
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FIGURE 11-5 

Cumulative distribution resulting from the dynamic  

analysis between FSS systems deployment model 1,  

uplink No. 2 and a push-broom passive sensor 

 

TABLE 11-7 

Dynamic analysis between FSS systems deployment model 1, uplink No. 2 and EESS 

Cumulative distribution (%) 40 4 1 0.1 0.01 

Push-broom: corresponding interference power 

received by EESS (dB(W/200 MHz)) 
–204 –179 –149 –140 –138 

 

In that case, the bandwidth correction factor is 1 dB. 

For a cumulative distribution of 0.01%, corresponding to the percentage of time or area the 

interference threshold may be exceeded, the interfering power indicated in Table 11-7 is –138 – 1 = 

–139 dBW, a value which is 27 dB above the interference threshold.  

Therefore the provisional maximum value to be adopted for further consideration within the passive 

band for a single active GSO system is: 

  e.i.r.p. = 41 dBW           (68 dBW – 27 dB) 

As the reference bandwidth of the passive band is 200 MHz, and that the antenna gain is 55.8 dBi, 

the power within the passive band 50.2-50.4 GHz should not exceed –14.8 dBW/reference 

bandwidth of 200 MHz. 

11.4.1.3 Statistical results of the dynamic calculations with GSO FSS systems (FSS model 2) 

Five satellites FSS systems in GSO are considered at longitudes 0°, 8°, 16°, 24° and 32° 

respectively. The associated ground stations are at the same longitudes and at 50° N latitude. The 

results are given in the Table 11-8 and in the Fig. 11-6. They are valid over a 2 000 000 km2. 
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TABLE 11-8  

Dynamic analysis between five GSO FSS systems and EESS 

Cumulative distribution (%) 46 1 0.1 0.01 0.0001 

Push-broom: corresponding interference 

power received by EESS (dBW) 

(in 200 MHz reference bandwidth) 

–201 –143 –135 –133 –129 

FIGURE 11-6 

Cumulative distribution resulting from the dynamic analysis between 

five FSS systems in GSO and a push-broom passive sensor 

 

In that case, the bandwidth correction factor is 4 dB. 

For a cumulative distribution of 0.01%, corresponding to the percentage of time or area the 

interference threshold may be exceeded, the interfering power indicated in Table 11-8 is –133 – 4 = 

–137 dBW, a value which is 29 dB above the interference threshold.  

Therefore the provisional maximum value to be adopted for further consideration within the passive 

band for a single active GSO system is: 

  e.i.r.p. = 50.9 dBW           (79.9 dBW – 29 dB) 

As the reference bandwidth of the passive band is 200 MHz, and that the antenna gain is 64.8 dBi, 

the power within the passive band 50.2-50.4 GHz should not exceed –13.9 dBW/reference 

bandwidth of 200 MHz. 

11.4.1.4  Assessment of the attenuation 

Table 11-9 shows the various power levels obtained through the previous simulations and the usage 

of Recommendation ITU-R SM.1541 and the fill factor in accordance with the methodology (in 

particular in the appendix).  
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TABLE 11-9 

Assessment of the power levels obtained through the computation of the various dynamic 

analysis in the aggregate case 

Agregate 

scenario 

Interfering 

power for a 

cumulative 

distribution 

of 0.01 % 

(dBW) 

EESS 

threshold 

exceed-

ence 

provisional 

maximum eirp 

within the passive 

band 

(dB(W/200 MHz)) 

provisional 

maximum power 

within the passive 

band 

(dB(W/200 MHz)) 

Power achieved 

through the usage 

of ITU-R 

SM.1541 in 

accordance with 

the methodology 

(dB(W/200 MHz)) 

Maximum power 

achieved through 

the usage of ITU-R 

SM.1541 and the 

fill factor  

(see § 2) 

(dB(W/200 MHz) 

Model 1 

uplink  

No. 1 

–140 26 45.9 –15 6 –9 

Model 1 

uplink  
No. 2 

–139 27 41 –14.8 5.2 –9.8 

Model 2 

FSS 
–137 29 50.9 –13.9 10.1 –4.9 

 

The methodology adopted to compute the maximum achievable power, is based on the combined 

usage of Recommendation ITU-R SM.1541 and the fill factor. It has been established that the mask 

contained in Recommendation ITU-R SM.1541 overestimates the out of band power; it is still the 

case even if Recommendation ITU-R SM.1541 and the fill factor are used together. It is expected 

that the combined usage of spectrum shape such as (sin x/x)2 together with a post modulation filter 

such as the one characterized by equation (1) in § 11.2.4.2, will greatly improve the compatibility 

situation (see also § 2. for further details). 

11.4.2 Dynamic Simulation Study No. 2 

Many FSS systems in this portion of the spectrum are likely to be designed to provide broadband 

services to large numbers of customers using various types of uplink earth stations characterized by 

a range of antenna diameters and e.i.r.p. reflecting a range of capacity requirements. In order to 

develop a possible deployment model for such systems in the 50.4-51.4 GHz band, an examination 

was made of the satellite filings contained in the ITU-R’s on-line Satellite Network List to develop 

FSS deployment models for a low latitude area covering Asia and a high latitude area covering 

Europe. Both of these areas are characterized by a large number of satellite coordination requests 

since the beginning of 2 000. For the purpose of this dynamic simulation, the Asia measurement 

area is defined by the area of the earth’s surface bounded by lines of constant Latitude at 18.84° and 

29.16° North Latitude, and lines of constant Longitude at 93.43° and 110.57° East Longitudes has 

an area of 2 000 000 km2 with its center at 45° North Latitude and 105° East Longitude. The 

European passive sensor measurement area is defined by the area of the Earth’s surface bounded by 

lines of constant Latitude at 38.66° and 53.34° North Latitude, and lines of constant Longitude at 

9.06° and 24.94° East Longitudes, with its center at 46° North Latitude and 17° East Longitude. 

These passive sensor measurement areas are illustrated in Figs. 11-7 and 11-8. 
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FIGURE 11-7 

Asia EESS measurement areas and FSS deployment models 

 

FIGURE 11-8 

Europe EESS measurement areas and FSS deployment models 
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In order to determine the number of uplink earth stations that might operate within or just outside of 

this passive sensor measurement area, it is assumed that the measurement area is covered by slightly 

overlapping spot beams from an FSS satellite. Examination of a sample of the ITU-R satellite 

filings in this band indicates that a FSS beam gain of about 53 dBi may be typical, which 

corresponds to a –3 dB beamwidth of about 0.4°. As illustrated in Figs. 11-7 and 11-8, the Asia 

measurement area can be covered by an array of 35 spot beams and the Europe measurement area 

can be covered by an array of 48 spot beams. 

GSO FSS satellites located between 72° and 132° East Longitude on the GSO arc would provide a 

minimum elevation angle greater than 35° over the Asia measurement area, and satellites between 

1° West Longitude and 35° East Longitude on the GSO arc would provide a minimum elevation 

angle greater than 25° over the Europe measurement area. In the absence of polarization 

discrimination between adjacent satellites serving the same service area, and to take into account 

possible inhomogeneities between satellites, a 4° orbital spacing has been assumed for this FSS 

deployment model. Since co-channel transmissions are not normally possible in overlapping 

satellite beams, it is assumed that uplink transmission can be conducted on the highest frequency 

satellite channel (i.e. closest to the EESS band edge) in only one-half of the spot beams on each FSS 

satellite in this model. 

One FSS uplink earth station is assumed to be located at the center of each beam, and the pairing of 

an FSS uplink earth station and receiving satellite is done in a way that avoids earth stations in 

adjacent beam positions transmitting to the same satellite. This results in either 17 or 18 earth 

stations for the Asia measurement area, and 24 earth stations for the Europe measurement area, 

distributed across the indicated service area transmitting to any particular FSS satellite position on 

the FSS frequency channel closest to the passive sensor band. This model assumes that the pointing 

of each satellite beam is fixed. If the FSS satellite employs beam hopping techniques, this 

simulation model would have to be modified and the resulting interference CDFs are likely to be 

substantially different from those presented below. 

For the broadband FSS deployment models illustrated in Figs. 11-7 and 11-8, a simulation was run 

to produce the CDF over a simulation run of 16 days with a 200 ms step size when the passive 

sensor was able to sample points within the measurement area. The CDFs of the interference from 

the FSS uplinks into the passive sensor in the 50.2-50.4 GHz band are presented in Figs. 11-9 

and 11-10. 
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FIGURE 11-9 

Asia FSS deployment model interference CDF 

 

FIGURE 11-10 

Europe FSS deployment model interference CDF 
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Tables 11-10 and 11-11 compare the results of these simulations with the permissible interference 

level for current passive sensors specified in Recommendation ITU-R RS.1029-2 assuming no 

post-modulation filtering of the uplink transmission, and assuming a 40 dB/decade attenuation from 

post-modulation filtering. 

TABLE 11-10 

Analysis of simulation results (no post-modulation filtering) 

FSS uplink earth station 

type 

Asia measurement area Europe measurement area 

4.5M 1.8M 0.3M 4.5M 1.8M 0.3M 

High 

capacity 

Medium 

capacity 

Low 

capacity 

High 

capacity 

Medium 

capacity 

Low 

capacity 

Assumed OoB e.i.r.p. 

(dB(W/200 MHz)) with 

no post-modulation 

filtering 

53.9 48.4 38 53.9 48.4 38 

Interference level 

exceeded over 0.01% of 

area (dB(W/200 MHz)) 

−143 −145 −150.5 −156 −156 −159.2 

Permissible interference 

level (dB(W/200 MHz)) 
−166 −166 −166 −166 −166 −166 

Excess over permissible 

interference level (dB) 
23 21 15.5 10 10 6.8 

Permissible OoB e.i.r.p. 

(dB(W/200 MHz)) 
30.9 27.4 22.5 43.9 38.4 31.2 

 

TABLE 11-11 

Analysis of simulation results (with post-modulation filtering) 

FSS uplink earth station 

type 

Asia measurement area Europe measurement area 

4.5M 1.8M 0.3M 4.5M 1.8M 0.3M 

High 

capacity 

Medium 

capacity 

Low 

capacity 

High 

capacity 

Medium 

capacity 

Low 

capacity 

Assumed OoB e.i.r.p. 

(dB(W/200 MHz)) with 

no post-modulation 

filtering 

41.7 38.2 28.2 41.7 38.2 28.2 

Interference level 

exceeded over 0.01% of 

area (dB(W/200 MHz)) 

−155 −155 −160.5 −168 −167 −169 

Permissible interference 

level (dB(W/200 MHz)) 
−166 −166 −166 −166 −166 −166 

Excess over permissible 

interference level (dB) 
11 11 5.5 −2 −1 −3 

Permissible OoB e.i.r.p. 

(dB(W/200 MHz)) 
30.7 27.2 22.7 43.7 39.2 31.2 
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Additional simulation runs were conducted for the Asia measurement area to investigate the 

sensitivity of the results to the assumptions in the deployment model on the number of FSS 

satellites serving earth stations in the measurement area and the frequency re-use pattern between 

the satellite beams. Specifically, runs were conducted to cover the cases of 16, 8, 4 and 2 satellites 

and for a 1:2 and 1:4 frequency re-use pattern between the satellite beams. The resulting CDFs are 

plotted in Figs. 11-11 and 11-12, and unwanted emission e.i.r.p. levels required to satisfy the 

Recommendation ITU-R RS.1029-2 permissible interference criteria are presented in Table 11-12.  

It should be noted that the frequency re-use and numbers of assumed satellites used in these 

simulations are intended to define a simulation model to distribute different numbers of uplink earth 

stations within the 2 000 000 km2 measurement area that are assumed to be operating on the 

satellite channel nearest the edge of the FSS band adjacent to the EESS (passive) band. While the 

parameters are derived from ITU coordination filings, these simulation models represent an upper 

limit on the potential deployment density of uplink earth stations in this band, with the higher 

densities (especially those based on 1:2 frequency re-use) unlikely to be achievable in practice. 

However, it should also be noted that despite this wide variation in earth station deployment 

densities from 24 to 280 earth stations per 2 000 000 km2, there is only a 1.8 to 3.3 dB variation in 

the permissible unwanted emission e.i.r.p. for any assumed uplink configuration in Table 11-4. 

FIGURE 11-11a 

High capacity FSS uplink interference CDF (1:2 reuse) 
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FIGURE 11-11b 

Medium capacity FSS uplink interference CDF (1:2 reuse) 

 

FIGURE 11-11c 

Low capacity FSS uplink interference CDF (1:2 reuse) 
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FIGURE 11-12a 

High capacity FSS uplink interference CDF (1:4 reuse) 

 

FIGURE 11-12b 

Medium capacity FSS uplink interference CDF (1:4 reuse) 
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FIGURE 11-12c 

Low capacity FSS uplink interference CDF (1:4 reuse) 

 

TABLE 11-12 

Permissible unwanted emission e.i.r.p. levels for various uplink assumptions 

Permissible 

unwanted 

emission e.i.r.p. 

level 

(dB(W/200 MHz)) 

for uplink earth 

station case 

1:4 reuse factor 1:2 reuse factor 

16 FSS 

satellites 

8 FSS 

satellites 

4 FSS 

satellites 

2 FSS 

satellites 

16 FSS 

satellites 

8 FSS 

satellites 

4 FSS 

satellites 

2 FSS 

satellites 

Typical 0.3 m FSS 

ES w/A(f) 
24.5 25.2 25.4 25.8 22.9 24.3 25.4 25.4 

Typical 1.8 m FSS 

ES w/A(f) 
28.3 31.0 31.0 31.0 27.7 28.2 28.2 30.5 

Typical 4.5 m FSS 

ES w/A(f) 
33.5 34.2 34.2 34.5 32.7 34.2 34.2 34.5 

Typical 0.3 m FSS 

ES w/o A(f) 
24.5 25.0 25.3 25.6 23.1 24.2 25.4 25.4 

Typical 1.8 m FSS 

ES w/o A(f) 
28.5 31.1 31.1 31.1 27.9 28.4 28.4 31.1 

Typical 4.5 m FSS 

ES w/o A(f) 
33.1 34.4 34.3 34.7 32.9 34.4 34.4 34.7 
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11.5 Mitigation techniques 

11.5.1 EESS (passive) 

Current and future passive sensors integrate the signal received at the satellite and it is not possible 

to differentiate between the natural and the artificial emissions. There are no proven techniques for 

identifying passive sensor measurements corrupted by interference and mitigating the impact of 

such corrupted measurements on weather predictions or other scientific studies using this data. 

11.5.2 FSS 

Most FSS systems operate or are planning to operate using both pre-modulation and post 

modulation filters. All FSS earth stations use pre-modulation filters, and information has been 

provided concerning the usage of post modulation filters for some FSS systems addressed in the 

simulation studies. When information was not available, generic models in § 2. were used to 

determine how much attenuation is applied to unwanted emissions falling within the EESS 

(passive) band for other cases. 

11.5.3 Potential impact 

11.5.3.1 EESS (passive) 

If interference exceeds permissible levels, there is a risk to get corrupted measurements from 

several areas that may impact reliable weather forecasts or other scientific applications using the 

sensor data products. 

11.5.3.2 FSS  

FSS systems are planning to implement both pre-modulation and post modulation filters and in 

some cases, those filters are more efficient in terms of attenuation of unwanted emissions. It is to be 

noted that no additional filtering or other mitigation techniques are foreseen. Therefore, future 

development of FSS services won’t be constrained in the band. 

11.6 Results of studies 

11.6.1 Summary 

Two dynamic simulations have been considered to determine the expected levels of unwanted 

emissions from FSS uplinks in the 47.2-50.2 GHz band into EESS (passive) receivers in the 

50.2-50.4 GHz band. Each of these studies identified the power levels of unwanted emission for 

which the aggregate permissible passive sensor interference level of Recommendation ITU-R 

RS.1029-2 is not exceeded for the FSS deployment model and parameters assumed in the 

simulation study. The results are summarized in Table 11-13.  
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TABLE 11-13 

Summary of dynamic simulation results 

Passive 

Sensor 
FSS system 

FSS uplink 

deployment 

Maximum 

unwanted power 

within the passive 

band 

(dB(W/ 200 MHz)) 

Unwanted 

emission 

power ratio(1) 

(dB) 

Available unwanted 

emission power 

reduction factor(2) 

(dB) 

Push-

broom 

GSO 

model 1, 

Uplink No. 1 

5 uplinks at 

longitudes 0°, 5°, 

9°, 13°, and 16° E 

Longitude,  

50° N Latitude 

–15 26(1) 20 using 

Recommendation ITU-R 

SM.1541 and the fill 

factor in accordance with 

the methodology(3)  

Push-

broom 

GSO 

Model 1, 

Uplink No. 2 

5 uplinks at 

longitudes 0°, 5°, 

9°, 13°, and 16° E 

Longitude,  

50° N Latitude 

–14.8 27 dB(1) 22 using 

Recommendation ITU-R 

SM.1541 and the fill 

factor in accordance with 

the methodology(3)  

Push-

broom 

GSO model 2 

FSS 

5 uplinks at 

longitudes 0°, 8°, 

16°, 24°, and 32° E 

Longitude,  

50° N Latitude 

–13.9 29 dB(1) 20 using 

Recommendation ITU-R 

SM.1541 and the fill 

factor in accordance with 

the methodology(3)  

AMSU 10 GSO 

satellites 

between 1° 

West and 

35° East 

Long. 

24 FSS uplinks per 

GSO satellite 

distributed over 

2 000 000 km2 

Europe 

measurement area 

(240 total) 

–10.7/–19.1/–21.5 

depending on earth 

station type 

23.2/23.5/24.2 

depending on 

earth station 

type(2) 

26.2/23.7/26.4 by 

sin2 x/x2 spectrum shape, 

and A(f) post-modulation 

filtering 

16.4/13.5 /14.2 by 

sin2 x/x2 spectrum shape 

AMSU 16 GSO 

satellites 

between 72° 

and 132° 

East Long.  

17 or 18 FSS 

uplinks per GSO 

satellite distributed 

over 2 000 000 km2 

Asia measurement 

area (280 total) 

–19.4/–30.1/–34.5 

depending on earth 

station type 

31.9/34.5/37.2 

depending on 

earth station 

type(2) 

26.2/23.7/26.4 by 

sin2 x/x2 spectrum shape, 

and A(f) post-modulation 

filtering 

16.4/13,5 /14.2 by 

sin2 x/x2 spectrum shape 

(1) Ratio of total transmit power to unwanted emission power in passive band. 

(2) For push-broom studies, values derived from formulas in § 2; for AMSU studies, values derived from Table 11-2. 

(3) The methodology adopted to compute the maximum achievable power, is based on the combined usage of 

Recommendation ITU-R SM.1541 and the fill factor. It has been established that the mask contained in 

Recommendation ITU-R SM.1541 overestimates the out of band power; it is still the case even if 

Recommendation ITU-R SM.1541 and the fill factor are used together. It is expected that the combined usage of 

spectrum shape such as (sin x/x)2 together with a post modulation filter such as the one characterized by 

equation (1) in § 11.2.4.2., will greatly improve the compatibility situation (see also § 2. for further details). 

 

Two sets of dynamic simulations were conducted to evaluate the interference levels that might be 

produced by unwanted emissions of FSS uplinks into a passive sensor.  

One set of dynamic simulations of interference into a current passive sensor concluded that EESS 

(passive) aggregate permissible interference criteria may be exceeded by the FSS if the unwanted 

emission powers exceed –34.5 to –10.7 dB(W/200 MHz) in a widespread deployment of a large 

number of FSS earth stations with parameters similar to those proposed in recent ITU-R satellite 

filings. In terms of unwanted emission e.i.r.p., this range is 22.5 to 43.9 dB(W/200 MHz). 
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Another set of dynamic simulations using future passive sensors and some wide bandwidth earth 

stations concluded that: 

– A limitation of the emission power supplied to the antenna port of –15 dB(W/200 MHz) 

within the passive band, for a single GSO FSS system, would protect the EESS (passive) 

band 50.2-50.4 GHz from unwanted emissions of FSS uplinks operating within the band 

50.4-51.4 GHz for typical earth station antenna gains between 55 and 65 dBi.  

– All studied FSS systems have characteristics fully compliant with the required attenuation. 

No further constraints are needed on the active services to protect this passive band.  

11.6.2 Conclusions 

One study represents an upper limit on FSS uplink deployment densities, with the highest densities 

assumed in the simulations unlikely to be achievable in practice. The second study assumes a low 

density of uplink earth stations, compared with deployment densities achieved in other FSS bands, 

with the risk that the unwanted emission interference levels into the EESS (passive) may be higher 

than those determined by this study. The first study concludes that unwanted emission FSS earth 

station transmit power densities between –20 and –10 dB(W/200 MHz) will cause interference 

levels that exceed the aggregate permissible EESS (passive) criteria for some FS deployment 

models, but which would still allow the EESS (passive) sensors to perform their missions in an 

acceptable manner. These levels of FSS earth station unwanted emissions may be achievable by a 

combination of spectral shaping and post-modulation filtering. 

The second study concludes that, taking into account the results of the different simulations and 

their corresponding attenuation assessment, limiting FSS uplinks operating in the band 

50.4-51.4 GHz, to an unwanted emission power level at the antenna port of –20 dB(W/200 MHz) 

within the 50.2-50.4 GHz band is necessary to achieve compatibility. It is to be noted that this 

proposed unwanted emission level can be met by the FSS systems considered in this study.  

12 Compatibility analysis between EESS (passive) systems operating in the 52.6-52.8 

GHz band and FS systems operating in the 51.4-52.6 GHz band 

12.1 EESS (passive) 

12.1.1 Allocated band 

The 51.4-52.6 GHz band is allocated to the FS and this band is adjacent to the 52.6-52.8 GHz band 

allocated to the EESS. Therefore there is a need to evaluate the effect of unwanted emissions from 

FS systems falling in the EESS 52.6-52.8 GHz band. This chapter provides for FS system operating 

above 31.8 GHz calculation of levels of unwanted emissions falling in the 51.4-52.6 GHz band. 

It should be noted that according to RR No. 5.340, all emissions are prohibited in the band 

52.6-54.25 GHz. 

The allocations adjacent to the 52.6-52.8 GHz passive bands are shown in Table 12-1. 
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TABLE 12-1 

Adjacent band allocations 

Services in lower  

allocated band 
Passive band 

Services in upper  

allocated band 

51.4-52.6 GHz 52.6-54.25 GHz 54.25-55.78 GHz 

FIXED 

MOBILE 

EARTH EXPLORATION-

SATELLITE (passive) 

SPACE RESEARCH 

(passive) 

EARTH EXPLORATION-SATELLITE 

(passive) 

INTER-SATELLITE 5.556A 

GSO only with pfd limit 

SPACE RESEARCH (passive) 

 

12.1.2 Application 

This band is one of the bands used for close-to-Nadir atmospheric sounding in conjunction with the 

bands at 23.8 GHz, 31.5 GHz, 50.3 GHz to characterize each layer of the atmosphere. 

12.1.3 Required protection criteria 

These following three Recommendations establish the interference criteria for passive sensors: 

Recommendation ITU-R RS.515 – Frequency bands and bandwidths used for satellite passive 

sensing 

Recommendation ITU-R RS.1028 – Performance criteria for satellite passive remote sensing 

Recommendation ITU-R RS.1029 – Interference criteria for satellite passive remote sensing. 

12.1.4 Operational characteristics 

The following operational characteristics are considered for the EESS system: 

– The EESS sensor is assumed to have an antenna with a gain of 45 dBi. 

– The EESS sensor is pointing in the Nadir direction.  

– The pixel size for a sensor at an altitude of 850 km is 201 km2 (16 km diameter). 

12.2 Fixed service 

12.2.1 Allocated band 

See Table 12-1. 

12.2.2 Application 

According to RR No. 5.547, the band 51.4-52.6 GHz is available for high-density applications in 

the FS. 

This band may be used for both P-P FS systems and P-MP FS systems. 

12.2.3 Levels based on existing ITU documents 

The following ITU-R Recommendations provide information on unwanted emissions of FS 

systems: 

Recommendation ITU-R F.1191 – Bandwidths and unwanted emissions of digital fixed service 

systems 

Recommendation ITU-R SM.329 – Unwanted emissions in the spurious domain 
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Recommendation ITU-R SM.1541 – Unwanted emissions in the out-of-band domain. 

12.2.4 Transmitter characteristics 

The following characteristics contained in Tables 12-2 and 12-3 have been used. 

TABLE 12-2 

Characteristics of P-P systems  

(Recommendation ITU-R F.758) 

Channel spacing (MHz) 56 3.5 

Antenna gain (maximum) (dBi) 50 50 

Feeder/multiplexer loss (minimum) (dB) 0 0 

Antenna type Dish/horn Dish/horn 

Maximum Tx output power (dBW) –20 –20 

e.i.r.p. (maximum) (dBW) 30 30 

 

TABLE 12-3 

Characteristics of P-MP systems  

(Recommendation ITU-R F.758) 

Station type CS TS 

Channel spacing (MHz) 28 28 

Antenna gain (maximum) (dBi) 14 Dish 41 

Planar 28 

Feeder/multiplexer loss (minimum) (dB) 0 0 

Antenna beamwidth (3 dB) azimuth/elevation (degrees) 15 1.2  1.2 

Maximum Tx output power (dBW) –10 –15 

e.i.r.p. (maximum) (dBW) 4 26/13 

CS: Central station. 

TS: Terminal station. 
 

12.2.5 Operational characteristics 

Recommendation ITU-R F.1496 provides channel arrangements for systems using 3.5 MHz, 

7 MHz, 14 MHz, 28 MHz and 56 MHz channel spacing to be deployed in this band. 

12.2.5.1 P-P operational characteristics 

It is proposed to use as a first step a density of terminals of one terminal per km2  6. 

12.2.5.2 P-MP operational characteristics 

It is proposed to use as a first step a density of terminals of 0.3 terminal per km2  6. 

                                                 

6  It should be noted that these numbers represent a worst-case approach and will be refined to obtain a 

realistic number of FS systems in each of the considered bands. 



 Rep.  ITU-R  SM.2092-0 247 

Frequency reuse: A frequency reuse of two is commonly used and is considered as a typical 

scenario. A frequency reuse factor of one is to be considered as a worst-case situation, which occurs 

rarely. 

Sector antenna: The typical sector antenna width is 90. In some cases, 45 sector antennas are 

foreseen where high amount of traffic capacities have to be transported from one station location. 

Based on these considerations, a hub of a P-MP cell may serve typically two co-channel subscribers 

within a given cell. 

12.2.6 In-band transmit power 

See Tables 12-2 and 12-3. 

12.3 Compatibility threshold 

The passive sensor protection criterion is –166 dBW in a 100 MHz bandwidth (not to be exceeded 

for more than 0.01% of time as stipulated by Recommendation ITU-R RS.1029). Paragraph 12.2.4 

provides a set of characteristics for FS systems to be deployed in this band. Based on this 

information, it is possible to derive the allowed power from each FS system falling into the 

EESS band. 

Interference is potentially received from several sources from multiple services simultaneously. The 

value listed in Recommendation ITU-R RS.1029 (for a specific band) is the maximum allowable 

interference level for the passive sensor. 

This Section provides an analysis of the interference generated by a single active service. 

Further work is needed to address the impact of these multiple active services operating above and 

below the passive band. 

12.4 Interference assessment 

12.4.1 Methodology to assess the interference level 

The first step of this approach is to calculate the acceptable power resulting from a deployment of 

FS systems that may fall within an EESS pixel: 

Aggregate power at the earth in 100 MHz  EESS protection criteria (dB(W/100 MHz)) – 

EESS gain  free space loss 

Then it is possible to derive the unwanted level of emissions per FS system falling into the EESS 

100 MHz reference bandwidth: 

Power/Tx (dB(W/100 MHz))  aggregate power at the Earth in 100 MHz – 

Nb Tx (in EESS pixel) – FS gain in the EESS direction 

12.4.2 Calculation 

For P-P systems (see Table 12-4), Recommendation ITU-R F.1245 was used to derive the antenna 

gain in the zenith direction. The density of terminals operating at the same frequency is assumed to 

be one terminal per km2. 
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TABLE 12-4 

Acceptable unwanted emissions level per P-P FS system 

falling into the EESS band 

Frequency (GHz) 52.6 

Interference criteria (dB(W/100 MHz)) –166 

Altitude (km) 850 

Reference bandwidth (MHz) 100 

Gain EESS 45 

Free space loss 185.5 

Gaseous absorption (dB) 3 

Aggregate at the Earth (dB(W/100 MHz)) –22.5 

Aggregate at the Earth (dB(W/MHz)) – 42.5 

Station type CS TS 

Channel spacing (MHz) 56 3.5 

FS antenna gain 50 50 

FS gain in the EESS direction –13 –13 

Aggregate power (dB(W/MHz)) –29.5 –29.5 

Density of systems/km2 1 1 

Pixel size/km2 201 201 

Nb Tx 201 201 

Power/Tx (dB(W/MHz)) –52.5 –52.5 

Power/Tx (dB(W/100 MHz)) –32.5 –32.5 

 

For P-MP terminal stations (see Table 12-5), Recommendation ITU-R F.1245 was used to derive 

the antenna gain in the zenith direction. For P-MP central stations, Recommendation ITU-R F.1336 

was used to derive the antenna gain in the zenith direction. The density of site of a central station 

operating at the same frequency is assumed to be 0.3 terminal per km2. On the same site, 

two central stations may use the same frequency assuming 90 sector antenna. Therefore, 

two terminal stations may use the same frequency within the same cell. 

TABLE 12-5 

Acceptable unwanted emissions level per P-MP FS system 

falling into the EESS band 

Frequency (GHz) 52.6 

Interference criteria (dB(W/100 MHz)) –166 

Altitude (km) 850 

Reference bandwidth (MHz) 100 

Gain EESS 45 

Free space loss 185.5 

Gaseous absorption 3 

Aggregate at the Earth (dB(W/100 MHz)) –22.5 

Aggregate at the Earth (dB(W/MHz)) – 42.5 
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TABLE 12-5 (end) 

Station type CS TS 

Channel spacing (MHz) 28 28 

FS antenna gain 14 41 

FS Gain in the EESS direction –10.3 –11.3 

Aggregate power (dB(W/MHz)) –32.2 –31.2 

Density of systems/km2 0.6 0.6 

Pixel size/km2 201 201 

Nb Tx 121 121 

Power/Tx (dB(W/MHz)) –53 –52 

Power/Tx (dB(W/100 MHz)) –33 –32 

 

12.4.3 Value achieved 

12.4.3.1 Level of unwanted emissions based on ITU-R Recommendations 

As a first step approach, only unwanted emissions falling into spurious emissions are considered (if 

the guardband is larger than the unwanted emission domain). Then, levels of attenuation provided in 

RR Appendix 3 of the RR and Recommendation ITU-R SM.329 are used to derive the levels of 

unwanted emissions from FS falling within the spurious emission domain (offset higher than 250% 

of the necessary bandwidth or channel separation compared to the centre frequency of the FS 

signal). In the case of FS systems, the attenuation specified in RR Appendix 3 should be in dBc, the 

minimum of 70 dBc or (43  10 log (P)). 

Based on the first step approach, for a system operating with an output power of –6 dBW and a 

channel spacing of 56 MHz (see Table 12-2). The spurious emission limits for this system is: 

P (dBW) – (43  P)               dB in a 1 MHz reference bandwidth 

Table 12-6 provides the level of unwanted emissions that may fall in a 100 MHz reference 

bandwidth. 

TABLE 12-6 

Calculation of the level of unwanted emissions that 

may fall within a 100 MHz bandwidth 

FS system 

Level of spurious 

emissions per MHz 

(dBW) 

Level of spurious 

emissions per 100 MHz 

(dBW) 

P-P 56 MHz (Table 12-2) – 43 –23 

P-P 3.5 MHz (Table 12-2) – 43 –23 

P-MP 50 MHz (Table 12-3) – 43 –23 

P-MP 2.5 MHz (Table 12-3) – 43 –23 

 

This first step approach leads to the conclusion that even if only unwanted emissions falling into the 

spurious domain are considered then the EESS protection criteria is not met. 
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12.4.3.2 Refinement of the calculations 

12.4.3.2.1  Refinement of calculations using the methodology described in § 2.3 

Recommendation ITU-R SM.1541 provides mask for unwanted emissions in case of FS systems. 

The integrated power within the EESS band may be calculated by assuming (see § 2.3, Section 2) 

that the spurious emission level does not exceed the limit at the edge of the unwanted 

emission domain 

12.4.3.2.1.1 Case of 3.5, 7 and 14 MHz channel spacing, Cs 

It should be noted that Recommendation ITU-R F.1496 provides channel arrangements for systems 

using 3.5 MHz, 7 MHz, 14 MHz, 28 MHz and 56 MHz Cs to be deployed in this band. These 

channel arrangements include a guardband of 40 MHz in the lower part of the FS band. 

This means that for Cs of 3.5, 7 and 14 MHz, the unwanted emission domain (which extend from 

50% of the Cs to 250% of the channel spacing compared to the centre frequency of the FS signal) 

will be included in the guardband. Then, for systems using 3.5, 7 and 14 MHz Cs only unwanted 

emissions falling into the spurious domain need to be considered. 

Recommendation ITU-R SM.1541 provides mask for unwanted emissions in case of FS systems. At 

this edge of the unwanted emission domain, the attenuation is equal to 40 dBsd. If we assume that 

the spurious emission level does not exceed the limit at the edge of the unwanted emission domain, 

the integrated power within the EESS band will be: 

For 3.5 MHz Cs: 

 –10 dBW –10 log (3.5) –40  10 log (100)  –35 dB(W/100 MHz) 

For 7 MHz Cs: 

 –10 dBW –10 log (7) –40  10 log (100)  –38 dB(W/100 MHz) 

For 14 MHz Cs: 

 –10 dBW –10 log (14) –40  10 log (100)  –41 dB(W/100 MHz) 

The EESS protection criterion is met in all these cases. 

12.4.3.2.1.2 Case of 28 and 56 MHz, Cs 

For unwanted emissions falling into the unwanted emission domain, the unwanted emission masks 

given in Recommendation ITU-R SM.1541 are considered. 
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FIGURE 12-1 

Generic spectrum masks for digital FS operating above 30 MHz 

(see Table 12-7) 

 

TABLE 12-7 

Digital FS operating above 30 MHz 

(Reference to Fig. 12-2) 

All systems 

(FDMA excluded) 
FDMA systems only 

Frequency 

offset  

(Cs %) 

Attenuation 

(dBsd) 

Frequency 

offset  

(Cs %) 

Attenuation 

(dBsd) 

0 0 0 0 

55 0 50 0 

120 25 65 25 

180 40 150 25 

250 40 150 40 

  250 40 

 

The corresponding unwanted emission emissions masks are provided in Fig. 12-2. 
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FIGURE 12-2 

Unwanted emission mask for 28 MHz Cs system 

 

In the following analysis, we consider the envelop of the two masks (very worst-case assumption). 

Again the power falling into the EESS band may be calculated by assuming that the spurious 

emission level does not exceed the limit at the edge of the unwanted emission domain. This gives: 

 For 28 MHz Cs: – 44.5 dB(W/100 MHz) 

 For 56 MHz Cs: –39.5 dB(W/100 MHz) 

The EESS protection criterion is met in all these cases. 

12.4.3.2.2   Refinement of the calculation using Recommendation ITU-R SM.1541 and 

Category B limits (see Recommendation ITU-R SM.329) 

12.4.3.2.2.1 Case of 3.5 and 7 MHz Cs 

It should be noted that Recommendation ITU-R F.1496 provides channel arrangements for systems 

using 3.5 MHz, 7 MHz, 14 MHz, 28 MHz and 56 MHz Cs to be deployed in this band. These 

channel arrangements include a guardband of 40 MHz within the FS band. 

This means that for Cs of 3.5 and 7 MHz, the unwanted emission domain (which extends from 50% 

of the Cs to 250% of the Cs compared to the centre frequency of the FS signal) will be included in 

the guardband. Then, for systems using 3.5 and 7 MHz Cs only unwanted emissions falling into the 

spurious domain need to be considered. 
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Recommendation ITU-R SM.329 gives information on the levels of unwanted emissions falling into 

the spurious domain, in particular, this analysis considers levels adopted in Europe and used by 

some other countries (Category B levels). 

In case of FS systems operating with a Cs lower than 10 MHz, there is a step before reaching this 

–60 dB(W/MHz) value. From an offset of 2.5  Cs compared to the centre frequency to an offset of 

70 MHz, the limit is equal to –50 dB(W/MHz) (or –60 dBW in a 100 kHz reference bandwidth). 

In case of FS systems operating with a Cs lower than 10 MHz, to obtain more realistic results we 

made the assumption that there is a linear decreasing between the –50 dB(W/MHz) point on the 

mask and the point corresponding to the level of –60 dB(W/MHz). 

Figure 12-3 provides an example of unwanted emissions mask for system using a 3.5 MHz Cs. 

Then the power at the edge of the EESS band is calculated (52.6 GHz). This gives: 

 For 3.5 MHz Cs: –55.5 dB(W/MHz) 

 For 7 MHz Cs: –54.5 dB(W/MHz) 

These values are below the minimum one (–53 dB(W/MHz)) given in Tables 12-4 and 12-5; this 

means that the EESS interference criteria will be met. Indeed, since the interfering power should be 

integrated over a 100 MHz reference bandwidth, the margin is much larger. 

FIGURE 12-3 

Level of unwanted emissions for a system using a 3.5 MHz Cs 
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12.4.3.2.2.2 Case of 14 MHz Cs 

It should be noted that Recommendation ITU-R F.1496 provides channel arrangements for systems 

using 3.5 MHz, 7 MHz, 14 MHz, 28 MHz and 56 MHz Cs to be deployed in this band. These 

channel arrangements include a guardband of 40 MHz within the FS band. 

This means that for Cs of 14 MHz, the unwanted emission domain (which extend from 50% of the 

Cs to 250% of the Cs compared to the centre frequency of the FS signal) will be included in the 

guardband. Then, for systems using 3.5 and 7 MHz Cs only unwanted emissions falling into the 

spurious domain need to be considered. 

Recommendation ITU-R SM.329 gives information on the levels of spurious emissions, in 

particular, this analysis considers levels adopted in Europe and used by some other countries 

(Category B levels). 

For system operating with a Cs higher than 10 MHz, the spurious emission limit is –60 dB(W/MHz). 

The level of unwanted emissions falling into a 100 MHz reference bandwidth may directly be 

calculated: 

P  –60 dB(W/MHz)  10  log(100 MHz) 

P  – 40 dB(W/100 MHz) 

Again the EESS interference criteria are met (–33 dB(W/100 MHz)). 

12.4.3.2.2.3 Case of 28 MHz Cs 

For unwanted emissions falling into the unwanted emission domain, the unwanted emission masks 

given in Recommendation ITU-R SM.1541 was considered (see Fig. 12-1). unwanted emissions 

masks derived from Recommendation ITU-R SM.1541 are provided in Fig. 12-4. 
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FIGURE 12-4 

Unwanted emission mask for 28 MHz Cs system 

 

In the following analysis, we consider the envelop of the two masks (very worst-case assumption). 

Recommendation ITU-R SM.329 gives information on the levels of spurious emissions, 

in particular, this analysis considers Category B levels. For system operating with a Cs higher than 

10 MHz, the spurious emission limit is –60 dB(W/MHz). 

Using the unwanted emission mask and the spurious emission level given in Recommendation 

ITU-R SM.329 (Category B) it is possible to derive the level of unwanted emission that may fall in 

the band 52.6-52.7 GHz. This gives for a 28 MHz channel spacing operating at –10 dBW 

(maximum value given in Recommendation ITU-R F.758) – 40.5 dBW in a 100 MHz reference 

bandwidth. The EESS protection is met. 

12.4.3.2.2.4 Case of 56 MHz Cs 

The same approach as the previous one is used. This gives for a 56 MHz Cs operating at –10 dBW, 

–38.7 dBW in a 100 MHz reference bandwidth. The EESS protection is met. 

12.4.4 Dynamic simulation 

A dynamic simulation was performed based on the characteristics of P-P FS stations likely to be 

implemented by one administration based on the regulations applicable to the nearest FS band at 

38.4-40 GHz. For this simulation, the national regulations for the 38.4-40 GHz band concerning 

maximum e.i.r.p. and minimum antenna gain are assumed to be applicable to the 51.4-52.6 GHz FS 

band. In the absence of a national channel plan, the channel arrangements provided in 
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Recommendation ITU-R F.1496 for P-P FS channel spacing in the 51.4-52.6 GHz band is assumed 

for this simulation. Table 12-8 gives the FS P-P stations parameters used in this simulation. 

Table 12-8 provides two different scenarios modeled in this simulation where the major differences 

are the center frequency, the necessary bandwidth, and the calculated unwanted emission power 

falling within the 52.6-52.8 EESS (passive) band. The unwanted emission power was calculated by 

integrating the emission mask applicable in the nearest FS band over the passive sensor reference 

bandwidth.  

TABLE 12-8 

FS P-P Station parameters 

 Scenario 1 Scenario 2 

Center frequency (MHz)  52 556.5 52 532.0 

Necessary bandwidth (MHz)  5 50 

EIRP (dBW)  55 55 

Antenna gain (dBi)  38 38 

Transmit power (dBW) 17 17 

Unwanted emission power (dB(W/200 MHz)) 

within the EESS passive band based 

–27.0 –35.4 

FS antenna pattern  Recommendation ITU-R 

F.1245-1 

Recommendation ITU-R 

F.1245-1 

 

Figure 12-5 illustrates this deployment of transmitting FS stations, as well as three passive sensor 

measurement areas covering the administration for which interference statistics are developed by 

the simulation model. The individual dots represent the 2 620 randomly distributing FS stations 

around 131 major cities in the administration. The FS station density of 2 620 stations in 200 MHz 

in this FS deployment model is still less than the FS station in other bands. For example, a similar 

simulation model for licensed FS stations in the 10.6-10.68 GHz band contained 2 652 FS stations 

in this 80 MHz of spectrum, and this FS station density (0.0003 FS/km2) averaged over 

10 000 000 km2 assumed for the 51 GHz band is much lower than the FS density (0.3 to 1 FS/km2) 

assumed in the static analysis contained in the previous sections. 
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FIGURE 12-5 

51.4-52.6 GHz FS station deployment 

 

Simulations for this deployment model were conducted for the three adjacent, but non-overlapping, 

measurement areas between 32.524° and 45.476° North Latitude and between 73.898° and 122.102° 

West Longitude as illustrated in Fig. 12-5. Each of these areas, designated as the East, Central and 

West measurement areas, has an area of 2 000 000 km2. 

The simulations were conducted for the Advanced Microwave Sounding Unit-A (AMSU-A), which 

is a Nadir scanning sensor carried on a number of operational satellites, such as the NOAA K, L and 

M satellites. The AMSU-A sensor is carried on a satellite in a circular orbit with an altitude of 

850 km and an inclination of 99°. The sensor antenna is assumed to complete one rotation about its 

axis, which is aligned with the satellite velocity vector, every 8 s. The beam steps through 

30 pointing angles evenly spaced between ±48.33° from Nadir in time steps of 200 ms to conduct 

measurements. For the remaining 2 s of the 8 s interval, which is used for calibration, the sensor is 

assumed to be pointed to the satellite zenith, and no interference is calculated during this calibration 

portion of the scanning cycle. The sensor antenna has a maximum gain of 36 dBi and a 3.3° –3 dB 

beamwidth. The sensor antenna sidelobe pattern is assumed to conform to the reference antenna 

pattern specified in Recommendation ITU-R F.1245-1. Interference from FSS uplinks into a passive 

AMSU sensor is evaluated under free space propagation conditions, plus an additional loss for 

atmospheric (gaseous) absorption from Recommendation ITU-R P.676-5. 

Simulations were run to produce CDFs over a simulation run of 16 days with a 200 ms step size 

when the passive sensor was able to sample points within the measurement area. The CDFs of the 

interference from the FS stations into the EESS (passive) band in the 52.6-52.8 GHz are presented 

in Figs. 12-6, 12-7 and 12-8 for each of the three measurement areas analyzed. A comparison 

CDF was also generated assuming that each of the licensed FS stations transmitted the 

–33 dB(W/100 MHz) of unwanted emission power specified in Resolution 738 (WRC-03). 
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FIGURE 12-6 

FS interference CDFs – East measurement area 

 

FIGURE 12-7  

FS interference CDFs – Central measurement area 
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FIGURE 12-8 

FS interference CDFs – West measurement area 

 

12.5 Mitigation techniques 

12.5.1 EESS (passive) 

No mitigation techniques are needed. 

12.5.2 FS 

No additional mitigation techniques need to be considered in the design of FS systems. 

12.5.3 Potential impact 

12.5.3.1  EESS 

No impact. 

12.5.3.2  FSS 

No impact. 

12.6 Results of the studies  

12.6.1 Summary 

In this Section, it was shown that the level of unwanted emissions of FS systems operating in the 

band 51.4-52.6 GHz would meet the protection criteria of the EESS service. 

A dynamic simulation was also performed to assess the impact of unwanted emissions from the 

currently licensed stations in one administration, as well as a future growth scenario extrapolated 

from these currently licensed stations. The density of the P-P stations averaged over the 10 000 000 

km2 simulation area in these deployment models was much lower than the worst-case FS density 

within the passive sensor main beam assumed in the static calculations by a factor of 0.03-0.04%. 

The results of these dynamic simulations indicate that the EESS (passive) permissible interference 
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criteria specified in Recommendation ITU-R RS.1029-2 are not exceeded for the AMSU passive 

sensors at the lower assumed FS station densities even when the unwanted emission transmit power 

levels of the P-P FS stations exceed the –33 dB(W/100 MHz) of unwanted emission power 

specified in Resolution 738 (WRC-03). 

12.6.2 Conclusion 

The level of unwanted emissions from FS systems in the band 51.4-52.6 GHz may meet 

–33 dB(W/100 MHz), which would ensure compatibility between EESS and FS systems at 

52.6 GHz. 
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