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Characterization and assessment of degradation to EESS (passive) sensor operations from man‑made emission power sources 
The ITU Radiocommunication Assembly,

considering

a)
that passive sensors are used in the remote sensing of the Earth and its atmosphere by Earth exploration- and meteorological satellites in certain frequency bands allocated to the Earth exploration-satellite service (EESS) (passive);

b)
that the products of these passive sensor operations are essential to and used extensively in meteorology, climatology, and other disciplines for operational and scientific purposes; 

c)
that passive sensors operating in the EESS (passive) are sensitive to any emissions within their allocated band;

d)
that any emissions that raise the noise floor in bands allocated to the EESS (passive) may constitute degradation to the passive sensors using those bands, which may impact their intended operations;

e)
that passive sensors may not be able to differentiate the wanted signal from the man-made emission power and that man-made emission power may not be identifiable in the passive sensor products;

f)
that it is necessary to characterize the sources of degradation to passives sensors;

g) 
that it is necessary to develop appropriate methodologies to assess the aggregate impact of interference on passive sensor operations;

h)
that in order to help protect passive sensors from degradation that impacts passive sensor operations it may be necessary for those sensors to employ mitigation techniques to address man‑made emission power,

[further considering

a)
that Recommendations ITU-R SA.515, ITU-R SA.1028 and ITU-R SA.1029 provide general EESS (passive) operational characteristics, performance and protection criteria,

noting that

a)
Recommendation ITU-R SM.1633 considers the impact of man-made emissions to EESS (passive) in certain bands in the range 1.4 to 60 GHz resulting from certain active services in specific adjacent or nearby bands;

b)
Recommendation ITU-R SM.1542 provides some information regarding techniques that the EESS (passive) sensors may employ to mitigate unwanted emissions,]

recommends

1)
that the material in Annex 1 be used when characterizing the degradation to passive sensor operations from all possible man-made emission power sources;

2)
that the methodologies in Annex 2 be used to assess the degradation to passive sensor operations caused by interference from stations operating in bands allocated to radiocomunication services;

3)
that the methodology in Annex 3 be used to assess the degradation to passive sensor operations caused by interference from radio devices.

Annex 1

Characterization of degradation to EESS (passive) sensor operations from man‑made emission power sources 
1
Introduction

The EESS (passive) sensor is a radiometer designed for operations in a particular frequency range of interest. EESS (passive) sensor operations are vulnerable to emission power from terrestrial transmitters, including single high-level transmitters and the aggregate emissions of densely deployed low power level transmitters. Space-borne transmitters may 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. 

Parameters that are required to evaluate the degradation to EESS (passive) sensor operations include:

(
frequency range of EESS (passive) sensor operation;

(
range of possible radiometric measurements of the required observation area (absent any emission power from any man-made source);

(
characterization of all the man-made emission power from all possible sources;

_
susceptibility of the EESS (passive) sensor operation to the man-made emission power present;

(
the atmospheric absorption.

In order to characterize the degradation to EESS (passive) sensor operations from all emission power sources it is necessary to:

(
Establish a reference for measuring degrees of degradation to EESS (passive) sensor operations.

(
Characterize the emission power sources according to their classification and emission characteristics.

(
Assess the classification of emission power sources regarding their significant impact on the operation of EESS (passive) sensors.

(
Assess the degradation of each significant class of emission , and their aggregrate effect on passive sensor operations.

2
Generic characterization of degradation 

At this time, the sole relevant characteristic of man-made emission power sources in regards to EESS (passive) sensor degradation is the amount of power that those sources emit into the passband of the EESS (passive) sensor.

The degradation of EESS (passive) sensor operation from man-made signals can be characterized by the summation of the emission power sources times the susceptibility of the EESS (passive) sensor to the emission power characteristics present. The susceptibility of the passive sensor to man-made emission power is dependent on the operational parameters of the sensor in relation to the specific characteristics of the man-made emission power. The total permissible emission power I at the sensor, given by the Recommendation ITU-R SA.1029, can be used as a reference for degradation determination given in percentage. A summation of emission power from all possible man-made emission power sources that is equal to the total permissible emission power I at the sensor would represent 100% degradation of the margin criterion for the EESS passive sensor operation. Therefore, the degradation index of EESS (passive) sensor operation from man-made signals is given by the following formula:



Id = (ITot/ I)(100%
(1)

Where


Id = 
degradation due to emission power from all man-made sources (%)


ITot = 
summation of all emission power into the passband of the EESS (passive) sensor


I = 
the total permissible emission power at the sensor, as provided by the Recommendation ITU-R SA.1029. 

Annex 2 presents a methodology for assessing the degradation on passives sensor operations caused by the aggregate contributions from two or more radiocommunication services.

3
Characterization of emission power sources

A summary of the known man-made signal characteristics necessary for the determination of the degradation to EESS (passive) sensors from those emission power sources is given in this section.

3.1
Sources of emission power

The sources of all man-made emission power are subdivided into a set of distinctly defined groups: Radiocommunication Services and other sources. 

–
Radiocommunication services


Radiocommunication services are those enumerated in Article 1 of the Radio Regulations (RR). To facilitate analysis, the radiocommunication services are grouped into two major headings.

•
Terrestrial

•
Space.

–
Other sources

Other sources are separated into three groups as given below.

•
Short Range Radiocommunication Devices
 (SRDs)

•
ISM
 equipment, and 

•
Electrical apparatus or installations
.
A further division of the first group is organized by emission outputs of Radiocommunication services as defined by the Radio Regulations:

–
Power resulting from the emissions within the Necessary bandwidth

–
Power resulting from the emissions from the OoB Domain

–
Power resulting from the emission from the Spurious Domain5.

The above terms are also applied to the emissions of the “other sources”.

3.2
Classification of emission power sources

The classification of all emission power sources can be subdivided as indicated in the following formula (2):



ITot = IN + IOoB + IS
(2)
Where


IN = 
summation of emission power from the necessary bandwidth of all sources


IOoB = 
summation of all emission power from out-of-band domain emissions of all sources


IS = 
summation of emission power from spurious domain of all sources.


IN = ∑ PNT + ∑ PNS + ∑ PNSRD + ∑ PNISM + ∑ PNEA
(3)
Where


∑ PNT = 
summation of emission power from the necessary bandwidth of terrestrial services


∑ PNS = 
summation of emission power from the necessary bandwidth of space services


∑ PNSRD = 
summation of emission power from the necessary bandwidth of SRDs


∑ PNISM = 
summation of emission power from the necessary bandwidth of ISM devices


∑ PNEA = 
summation of emission power emitted by Electrical Apparatus.


IOoB = ∑ POoBT + ∑ POoBS + ∑ POoBSRD + ∑ POoBISM
(4)
Where


∑ POoB T = 
summation of emission power from the OoB domain of terrestrial services


∑ POoBS = 
summation of emission power from the OoB domain of spacebased services


∑ POoBSRD = 
summation of emission power from the OoB domain of SRDs


∑ POoBISM = 
summation of emission power from the OoB domain of ISM devices.



IS = ∑ PST + ∑ PSS + ∑ PSSRD + ∑ PSSIM
(5)
Where


∑ PST = 
summation of emission power from the spurious domain of terrestrial services


∑ PSS = 
summation of emission power from the spurious domain of spacebased services


∑ PSSRD = 
summation of emission power from the spurious domain of SRDs


∑ PSISM = 
summation of emission power from the spurious domain of ISM devices.

Note that entries for Electrical Apparatus are not included in equations (4) and (5) as the total emission power contribution from Electrical Apparatus would be provided by its contribution in equation (3).

3.3
Adjustment of the emission power classification to a specific EESS (passive) sensor

The degradation of EESS (passive) sensor operation from man-made signals can be characterized by the summation of the man-made emission power sources present at any given moment times the susceptibility of the EESS (passive) sensor to the emission power characteristics present. The susceptibility of the passive sensor to man-made emission power is dependent on the operational parameters of the sensor in relation to the specific characteristics of the man-made emission power. For example, the terms of Equations (3), (4), and (5) should be examined to determine if they coincide with the passband of the specific sensor under study and discarded if not within the passband. The equations should be modified to reflect sensor operation in a purely passive band, or a mixed passive-active band, application of mitigation techniques, or other circumstances, which are relevant. 

Section 3.3.1 provides an example of this process.

3.3.1
Adjustment for operation in a purely passive band

The purely passive bands are those listed in No. 5.340 of RR. To reflect this, Equation (3) can be modified as follows:



IN = ∑ PNEA
(6)
Note however, that some of the bands listed in No. 5.340 allow for specific active service notifications as indicated by the footnote. Therefore, in adjusting Equation (3) care must be exercised to accurately reflect the conditions present for that specific sensor.

Each of the remaining terms in Equation (6) should be examined to determine if they are valid for inclusion depending on the general frequency usage of the specific sensor under study.

Likewise, Equations (3) and (4) should be examined as well.

4
Degradation of EESS (passive) sensor operations from emission power sources

The summation of the adjusted equations from Section 3 provides a characterization of the emission power from all man-made sources coinciding with the passband of a specific passive sensor operation. If the terms of the resulting summation can be resolved then it would be possible to employ Equation (1) to determine the degree of degradation imposed on that specific passive sensor operation.

5
Emission power characteristics

Man-made emissions have characteristics that are different from natural planetary emissions. These features include but may not be limited to: 1) narrow necessary bandwidth in relation to the passband of the EESS (passive) sensor, 2) slant-linear polarization, 3) polarization correlation in respect to the EESS (passive) sensor, and 4) anisotropic properties. It is assumed that these characteristics are present in each source of emission power in varying degrees. However, aggregate emission power may not display characteristics which will allow it to be distinguished from natural planetary emissions.

This recommendation should be revised to include additional features of man-made emission characteristics which may be different from natural planetary emissions by EESS (passive) sensors when those additional characteristics have been identified.

Annex 2

Methodologies to assess the degradation to passive sensor operations caused by interference from stations operating in bands allocated to radiocomunication services

1
Introduction

Dynamic simulations are used to develop statistical distributions of interference caused by stations operating in radiocommunication services for which allocations are made in the same band as the passive sensor, as well as by stations operating in radiocommunication services for which allocations are made in adjacent or nearby bands.

2.
Aggregation of Constant and Time Varying Interference

A constant interference at the same level as the criteria from Recommendation ITU-R SA.1029-2 is the maximum level of interference that can be accepted on an aggregate basis from all sources of interference.

To evaluate the relative percentage of different interference sources, it is necessary to distinguish between constant and time varying interference and determine the way these different interference sources aggregate to the satellite passive sensor.

2.1
Constant interference

Over a given location, a constant interference is in general produced by an aggregation of multiple terrestrial interference sources such as High Density Fixed Service (HDFS) or Ultra Wide-Band (UWB) applications or by the impact of GSO Earth Stations.

[Editorial note – Further explanations are needed to differentiate in band emissions from unwanted emissions.]

The percentage of degradation related to a given interference source depends on the difference between the criteria and the interference level described on the following figure.

This percentage of degradation is then calculated as:
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where:


pI 
is the percentage of degradation due to a given interference source 


IT 
is the interference threshold from Recommendation ITU-R SA.1029-2 (dB)


Ii 
is the interference level received by the passive sensor (dB)

NOTE – Ii and IT have to be expressed in dB on a consistent manner (dBW, dBm, dBW/MHz,…)

With regards to the aggregation of multiple constant interference sources over a given location, the aggregate interference is obviously also constant which leads to the following formula: 
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2.2
Time varying interference

A time varying interference can be produced by multiple types of radiocommunication stations, such as, for example, NGSO Earth Stations. The following figure [, taken from Document 7C/65,] relative to the “Power received in the HYDROS sensor for diverse orbital parameters”, gives an example of such time varying interference produced by MSS Earth stations.
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As for all radiocommunication services, these time varying interferences can be considered on long-term and short-term basis.

–
the short-term interference for which exceeding of the protection criteria can be accepted for a given short percentage of time

–
the long-term interference that has to be maintained below the protection criteria.

Also, another factor to be accounted for is the way these time-varying interference sources aggregate together.

On a short-term basis, it can be considered that short-term interferences of each source are not correlated and do not occur at the same time. Hence, the aggregation of these interferences is made on a temporal basis. The interference criteria from Recommendation ITU-R SA.1029-2 associate an interference threshold and a percentage of area or time for which the threshold can be exceeded. To ensure that the overall percentage will not be exceeded, one can proposed that this overall percentage be apportioned and that the percentage of time attributed to a single source of interference be defined as:
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where :


ptime:
is the percentage of time for which a single interference source can exceed the interference threshold of Recommendation ITU-R SA.1029-2


ptot:
is the total percentage of time associated to the interference threshold of Recommendation ITU-R SA.1029-2


pattributed:
is the percentage of degradation attributed to a given interference source.

On a long-term basis, even though slight variations also occur, it can be considered that, on an average, the resulting interference aggregate in power that could, at the limit, represents also a quasi constant interference.

The following figure [, also taken from document 7C/65,] gives the “Power received in the HYDROS sensor for diverse MSS systems” and compares the interference distribution of each system to the aggregate interference from all systems.

[image: image5.jpg]% of time

10

Received power

o:
T

<,
T

3

MSS constellation 1

MSS constellation 2
MSS constellation 3
MSS constellation 4

All 4 MSS constellations
T T T

10;
214

-212

-210

-208

-206 -204 -202
Received power (dBW)

-200

-198

-196

194




It shows that, while the received power variation of each interference distribution is in a range of 14 dB, the resulting aggregate interference only varies within a 7 dB range that tends to demonstrate that, at the limit, the resulting interference could be taken as quasi constant.

Of course, this example does not perfectly reflect a situation with multiple different interference sources since it only consider 4 different MSS constellations that could present some similarity and hence some levels of correlation. However, in the short-term, the difference between the maximum of each constellation is only 3 dB whereas, if it would aggregate in power, the difference would be 6 dB. Also, it can be estimated that these 3 dB represent, compared to one single distribution, the average long-term impact of the 3 others.

Further studies aggregating different sources of interference may be needed but, on a first approach, it can be approximated that, on the long-term, the aggregate interference is quasi constant and can be estimated as the average interference over the time.

In addition, the aggregate impact could also be considered as the sum of the average interference of each interference source as: 
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and p(I) is the probability density function of the interference distribution
It is interesting to note that a similar approach is used for the Fixed Service with the principle of the Fractional Degradation in Performance (FDP) as described in Recommendation ITU-R F.1108-3. This FDP approach shows that the performance degradation of an FS link due to a time varying interference is related to the average interference and equivalent to the possible effect of a constant interference at the same level.

On this basis, for EESS (passive), the long-term percentage of degradation of a time varying interference can be calculated as:
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where :

pi :
is the percentage of degradation due to a given interference source (%)

IT :
is the interference criteria from Recommendation ITU-R SA.1029-2 (dB)

Iav :
is the average interference (dB) such as :
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where p(I) is the probability density function of the interference distribution

2.3
Overall assessment

The above elements provide a methodology to assess, for a given interference source, the percentage of degradation compared to the interference criteria of Recommendation ITU-R 1029-2.

Acknowledging that the average of a constant interference is this interference level itself, the above methodology can be generalized for both constant and time varying interference.

For a given interference source the interference would be considered acceptable if :

1)
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where :

ptime :
is the percentage of time for which the interference produced by the given source exceed the interference threshold (IT) of Recommendation ITU-R SA.1029-2


ptot:
is the total percentage of time associated to the interference threshold of Recommendation ITU-R SA.1029-2


pattributed:
is the percentage of degradation attributed to a given interference source.


IT:
is the interference threshold from Recommendation ITU-R SA.1029-2 (dB)


Iav:
is the average of the interference produced by the given source (dB) such as :
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where p(I) is the probability density function of the interference distribution

3
Aggregation and data availability based on statistical moments of interference distributions

Aggregation of interference levels is complicated by the fact that some active services do not interfere with the passive sensor all of the time. Indeed, some services interfere only a small fraction of the time, which brings up the question of how sensor data availability fits into the aggregation scheme. Recommendation ITU-R SA.1029-2 allows the permissible interference level specified in each passive sensor band to be exceeded a small fraction of the time.

3.1
Description of statistical moment methodology

To deal with the composite interference level within the sensor band, we can start with a statistical description of the interference from each service. Let k and k2 denote the mean (in watts) and the variance (in watts2) of the interference level at the passive sensor from the kth service. Knowledge of the probability distribution for the interference from each individual service is not required. These two moments of the distribution can be calculated in some cases, but computer simulation will usually be required in cases where calculation proves impractical.

Making use of the fact that interference contributions from the different active services are sometimes independent of one another, the moments of the composite distribution can be written




[image: image13.wmf],

1

2

2

1

å

å

=

=

s

=

s

m

=

m

K

k

k

K

k

k

and


where K is the number of interfering services. This is true regardless of the probability distribution for the interference from each individual service. In fact, if the interfering services are statistically independent, the means and variances of the interference levels are the only additive quantities that exist in a statistical sense. This appears to answer the question raised in various liaison statements regarding how the interference levels from multiple independent sources aggregate. 

If there are interference sources that are not independent of one another, the composite variance is a little more complicated because it will include terms involving the co-variances of the dependent interference levels. However, this document initially considers only services that are statistically independent of one another, implying that the individual variances are strictly additive.

The most straightforward procedure at this point is to make use of the central limit theorem in statistics to assert that the probability distribution for the composite interference level from all services approaches a normal distribution as the number of interfering services increases. If this is assumed to be the case, and if P is defined to be the composite level exceeded no more than, say, one percent of the time, then P =  + 2.33. If, instead, the data availability requirement is 0.1 percent or 0.01 percent, the factor multiplying  would be 3.09 or 3.72 respectively. If it turns out that the composite distribution is not approximately normal, one can still define P to be
 + cwhere c is a constant to be determined after more information is obtained concerning the composite distribution. This constant can be assigned one of the numerical values given above until such information is obtained.

In addition, if I is defined to be the permissible interference level exceeded no more than, say, one percent of the time, and if we define M = 10 log (I / P), then M is the interference margin (in dB) that is exceeded more than 99 percent of the time. If M is positive, no mitigation would seem to be necessary from any of the active services. In particular, there would be no need to apportion the interference budget for the passive sensor. If M is negative, a reduction in the mean and standard deviation of each service’s interference level by M dB would drive the negative margin to zero dB. Again, no apportionment of the interference budget would seem to be needed, if ways can be found to provide this reduction in the mean and standard deviation of each service’s interference level. So 

this methodology appears to be a way to account for multiple interfering services without first doing an apportionment of the passive sensor interference budget. The methodology has the property that any mitigation burden is distributed among the potential interfering services in a balanced manner. Of course it may eventually be necessary to do an apportionment if it is not practical to determine the statistical moments of a particular service’s interference level. But in principle, these moments exist and should be calculable. When out-of-band interfering services are included in the aggregate, it is most convenient to base the calculated margin on the co-channel interference levels, and to consider the out-of-band suppression that already exists to be a part of any mitigation that might be provided by these services.
3.2
Example
Suppose the passive service has an interference criterion of -160 dBW/100 MHz (or 10–16 W/100 MHz), to be exceeded no more than 0.1 percent of the time. There are initially two interfering services, and dynamic simulations have determined that the means and standard deviations of the interference levels from these two services (assumed co-channel with the sensor) are μ1 = σ1 = 10–17 W/100 MHz and μ2 = σ2 = 2 ×10–17 W/100 MHz respectively. The composite level exceeded no more than 0.1 percent of the time is then
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W/100 MHz, which is just below the sensor’s interference threshold. Therefore, no mitigation is needed. A third service comes on line, and dynamic simulation determines that the mean and standard deviation of its interference level at the sensor are μ3 = σ3 = 3 ×10–17 W/100 MHz. The new composite level exceeded no more than 0.1 percent of the time is then 1.76 ×10–16 W/100 MHz, which exceeds the sensor’s interference threshold by 2.5 dB. One remedy would be to assign a very small portion of the sensor’s interference budget to the third service, thereby requiring it to considerably reduce the mean and variance of its interference contribution-possibly jeopardizing that service’s mission. A more equitable remedy, which does not require interference apportionment, would be to reduce the mean and standard deviation of each service’s interference level by 2.5 dB. An interesting consequence of this remedy is that not only would the passive service have a stake in the development of new active services, but the active services that already exist would also.

3.3
Application of statistical moments methodology

This methodology requires that future dynamic simulations determining interference statistics from individual active services include not only the calculation of the interference levels exceeded a small fraction of the time, but also a calculation of the means and variances of these levels. These statistical moments can then be used later to determine the aggregate effect of multiple active services. Of course, if dynamic simulations are conducted that already include all potentially interfering services, the composite interference level exceeded a small percentage of the time can be determined directly without calculating statistical moments. This is true whether or not the interfering services are independent of one another. 

Consideration must be given to the fact that interference level statistics accumulated on a worldwide basis are not always sufficient, because the interference criteria in Recommendation ITU‑R SA.1029-2 are based on two million or ten million square kilometer areas on the earth’s surface. For some services, this may complicate the calculation of the means and variances of these levels.

[4
Percentage allocated to different sources

In some cases involving allocation decisions involving multiple radiocommunication services that affect the EESS (passive), it may be necessary to consider the relative percentage of degradation caused by each of the active services. In other cases, such as one in which the interference from a single radiocommunication service dominates the interference caused to EESS (passive) or one where the interference contribution from different services is not likely to aggregate, there is no need to consider this. 

When it is necessary to derive the percentage of degradation due to different interference sources, the following general principles should be considered :

–
the total interference criteria needs to be apportioned between different interference sources,

–
the apportionment should distinguish between in-band and unwanted emissions,

[–
the apportionment as necessary is to be determined on a band-by-band basis, taking into account the different interference sources and that, for each band considered, the Recommendation ITU-R SA.1029-2 interference protection criteria (that is composed of a maximum power level and a corresponding data availability percentage) be associated with an "apportionment factor" that may lead to single entry interference criteria for each type of application.

–
For a specific frequency band, the apportionment of the interference criteria of Recommendation SA.1029-2 among the radiocommunications services involved should be undertaken between the relevant ITU-R Study Groups.

–
Also, due care should be taken to the passive bands quoted in RR footnote 5.340 that states that "all emissions are prohibited", since, in the purely passive bands, the values in Recommendation 1029-2 would only cover the case of unwanted emissions. 

The application of the "apportionment factor" needs to take into account the nature of the interference that may be constant (in the case of unwanted produced by GSO satellite systems or in large deployment of stations (e.g. HDFS or UWB)) or time varying (in the case of unwanted produced by NGSO satellite systems). In the first case, the "apportionment factor" may likely be applied to the maximum power level whereas in the second case it may be more appropriate to apply it to the data availability percentage.]

5
Comparison of Methodologies to Assess Aggregate Interference

[NOTE – Contributions to the next Working Party 7C meeting are requested for this section.]

Annex 3

Methodology to assess the degradation to passive sensor operations caused by interference from radio devices 

Many compatibility analyses are undertaken within ITU-R between active devices and satellite passive sensors. A generic formula methodology may be useful to complete those compatibility studies. In some cases, the interference source is modelled as a uniform density. In studies involving compatibility, the generic formula given and developed below may be used between active devices and EESS(passive) sensors when the interference is modeled as a uniform density within a pixel of a passive sensor.

1
Generic formula

In studies involving compatibility between active devices and EESS(passive) sensors when the interference is modelled as a uniform density within a pixel of a passive sensor, the following formula may be used:
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where:
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:
number of active devices per unit area (km²)


P:
Effective Isotropic Radiated Power (EIRP) density of a single active device within the reference bandwidth of the passive sensor


(Tth:
allowable interference Threshold (in K)


C: 
coupling factor (direct path and scattering effect) on a polarized basis


(:
atmospheric opacity from the surface to the satellite


(:
incidence angle at the Earth of the satellite beam measured from nadir


( 
is the incidental coefficient to account for other factors


(:
wavelength (in m)


k:
Boltzmann's constant (1.38(10–23 J/K)

Equation 1 can be applied to any sensor regardless of the antenna gain or altitude. The equation shows that the maximum density is only a function of incident angle of the antenna mainbeam at the earth but not a function of path loss or antenna pattern.

2
Analysis methodology

Assume a uniform density of emitters (( emitters per square kilometer (km2)) on the earth’s surface, each with EIRP (E) toward the sensor. E includes any emissions that are scattered from the earth’s surface or from other scattering sources. The interference power received by the sensor is:
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where:


PR 
is the power spectral density in the same units as E,


A 
is the area of the sensor’s antenna footprint on the earth’s surface, 


La 
is the atmospheric attenuation along the propagation path of length d, and 


GR 
is the sensor antenna gain.

If it is assumed that the sensor antenna is efficient enough that it concentrates all of its received power into a small solid angle Ω centered at the antenna, then, by definition, the directive gain is: 



GR = 4π/Ω. 
(3)

Figure 1
Relationship of solid angle to half power beam width (HPBW)
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From Figure 1, the solid angle Ω is related to the HPBW as follows:



Ω =  π (HPBW/2)2,
(4)

then the directive gain can also be related to the HPBW:



GR = (4/HPBW)2 .
(5)

Figure 2

Antenna footprint (Pixel Area) for conical scan beam
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From Figure 2, the gain can be related to the footprint area by the following equation:
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where :


θ 
is the incidence angle. 

Equation (6) clearly shows that the antenna gain is inversely proportional to the footprint area.

Therefore, the equation (2) becomes:
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(7)

Setting this equal to the permissible interference level from Recommendation ITU-R SA.1029, the permissible deployment density is determined:
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where:


E
is the total effective radiation per device toward the sensor including the effects of antenna gain, reflection, absorption, and scattering, and

ρ 
is a density in transmitters per km2 if ( is expressed in km2.

PR can be derived from kδTth where δTth is the radiometric resolution given in Recommendation ITU-R SA. 1028-2.

The radiometer threshold is therefore:
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where:


B 
is the reference bandwidth of the sensor.

The interference threshold is, according to Recommendation ITU-R SA.1029:



PR = 20% of (P.
(10)

Atmospheric attenuation, La, can be identified with exp(τ/cosθ). 

Finally, one can also include a parameter alpha (, which can represent any additional factor to be accounted for. 

The equation now becomes:
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with 
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P 
is the EIRP density of a device,


PR 
is the allowable interference Threshold (in watts per 1 MHz),


C 
is the coupling factor (direct path and scattering effect) on a polarized basis,

____________







� 	Recommendation ITU-R SM.1538-2.


� 	[RR No. 1.15].


� 	[RR No. 15.12].


� 	[RR No. 1.152].


� 	Defined as provided in Recommendation ITU-R SM.1541-1.


� 	Emission power refers the power that that coincides with the passband of the EESS (passive) sensor.


* 	this will not apply to constant interference


** 	for constant interference I, Iav = I





Attention: The information contained in this document is temporary in nature and does not necessarily represent material that has been agreed by the group concerned. Since the material may be subject to revision during the meeting, caution should be exercised in using the document for the development of any further contribution on the subject.
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