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Summary and Purpose of Document
This document provides a status of the technical studies in bands of interest to the meteorological community for WRC-07 Agenda Item 1.20 dealing with the protection of passive sensors from unwanted emissions.
Action Proposed

The SG-RFC should review the status of these technical studies.  It is hoped that the technical studies within ITU-R Task Group 1/9 dealing with Resolution 738 and Agenda Item 1.20 (WRC-07) can be completed at the next meeting in late April so that the Annexes of Recommendation ITU-R SM.1633 can be properly updated to take into account the results of all appropriate studies.  The SG-RFC should support appropriate solutions to the problem of unwanted emissions in the bands given in Resolution 738 and appropriate proposals to WRC-07 for solutions to this agenda item.

updated technical studies by nasa 

for wrc-07 agenda item 1.20

Introduction

This document presents the results of dynamic analyses performed by NASA in support of the work on Agenda Item 1.20 (WRC-07) and Resolution 738.  Herein the analyses are presented for various band pairs of interest to the meteorological community.  Therefore, studies pertaining to the passive band 1400-1427 MHz are not presented.  For the sake of brevity, information on the sensors themselves is not presented in this document since such information is readily available in the ITU-R documentation.  Rather, this document focuses on the results of new studies.

A.
Unwanted Emissions from the ISS Operating in the 22.55-23.55 GHz Band into the EESS (passive) Operating in the 23.6-24 GHz Band
1
Introduction

This Section presents the results of a dynamic simulation of the HIBLEO-2 system operating within the 22.55-23.55 GHz band.  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 geometry of these inter-satellite links differs significantly from those previously considered in TG 1/9.  This Section also presents the results of a dynamic simulation analyzing the potential interference that might result from unwanted emissions from the TDRSS system into an AMSU-A passive sensor.

2
Inter-Satellite Service (ISS)

2.1
Applications

The active service under consideration in this analysis is the ISS.  The analyses in this Annex address two operational systems in this band that employ inter-satellite links. 

2.2
Representation of Unwanted Emission Spectra 
The level of unwanted emissions from the active service into the EESS (passive) sensors is estimated by integrating the unwanted emission levels falling within the passive band based on the active system operational parameters and the national unwanted emission mask applicable to the active system.  

2.3
Transmitter characteristics

There are currently two operational satellite systems with inter-satellite links in the 22.55-23.55 GHz band.

2.3.1
Non-GSO satellite network HIBLEO-2

The major characteristics of the HIBLEO-2 NGSO satellite system are presented in Tables A-1 and A-2.

TABLE A-1

Transmitter Parameters of HIBLEO-2 NGSO System

	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 (minutes)
	100

	Frequency range in 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 for the total 8 links

	Antenna gain(one antenna per channel)
	36.6 dBi

	e.i.r.p. (one single 19 MHz channel)
	39.6 dBW


TABLE A-2

Orbital Parameters of HIBLEO-2 NGSO System
	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 pattern is presented in Figure A-1.

Figure A-1

Antenna gain pattern of HIBLEO-2 Inter-satellite link
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C/N desired 15 18 18

dB

margin 0 0 0

Earth Station Antenna Gain 41.9 57.5 65.4

dBi

Free Space Loss 218.2 218.2 218.2

dB

Atmospheric Losses 3 3 3

dB

Satellite Antenna Gain (-1 dB contour) 52 52 52

dBi

Satellite Receiving System Temperature 800 800 800

K

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 50075 50075 50075

MHz

Uplink Carrier Frequency 50190 50185 50140

MHz

OOB Power w/H(f) (within 50.2-50.4 GHz) -13.4 -19.1 -23.7

dBW/200MHz

OOB Factor w/H(f) -25.9 -23.5 -26.4

dB

OOB EIRP w/H(f) (within 50.2-50.4 GHz) 28.5 38.4 41.7

dBW/200MHz

OOB Power w/o H(f) (within 50.2-50.4 GHz) -3.7 -9.1 -11.5

dBW/200MHz

OOB Factor w/o H(f) -16.2 -13.5 -14.2

dB

OOB EIRP w/o H(f) (within 50.2-50.4 GHz) 38.2 48.4 53.9

dBW/200MHz


2.3.2
GSO Satellite Network TDRSS 

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.  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 = 23.505 GHz

· Peak antenna gain = 58 dBi

· Unwanted emission mask = NTIA roll-off mask

· Unwanted emission power in EESS (passive) band = -20.3 dBW/200MHz

3
Interference threshold

Interference is potentially received from multiple services simultaneously.  The value listed in Recommendation ITU-R SA.1029-2 (for a specific band) is the maximum permissible interference level for the passive sensor from all sources of interference.  The level of -166 dBW in any bandwidth of 200 MHz is applicable to the band 23.6-24 GHz.

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 AMSU-A passive sensor.

4.1
HIBLEO-2 Simulation Model and Results 

Figure A-2 illustrates the Iridium deployment model.  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 million sq. km measurement areas in North America between 32.524° and 45.476° North Latitude and between 89.966° and 106.034° West Longitude as illustrated in Figure A-2.  

Figure A-2

HIBLEO-2 Deployment Model
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Simulations were run to produce CDFs over a simulation run of 16 days with a 200 msec step size when the passive sensor was able to sample points within the measurement area.  The CDF of the interference from the HIBLEO-2 inter-satellite links into the passive sensor in the 23.6 – 24.0 GHz band is presented in Figure A-3.  Additional simulation runs were produced to show a hypothetical situation when the HIBLEO-2 orbit altitude were changed to correspond to the passive sensor orbit altitude.  Figure A-4 shows this hypothetical case assuming AMSU-A and HIBLEO-2, AMSR-E and HIBLEO-2, and CMIS and HIBLEO-2 had the same orbit altitude.  It should be noted that the levels of interference received by the passive sensor from Iridium unwanted emissions do not exceed the criteria of Recommendation ITU-R SA.1029-2.

Figure A-3

Interference CDF with HIBLEO-2 
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Figure A-4

Interference CDF with HIBLEO-2 at the Same Altitude as the Passive Sensor Altitudes
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4.2
TDRSS Simulation Model and Results

Figure A-5 illustrates the TDRSS deployment model with the TDRSS satellites at 174°W (186°E) and 41°W (319°E).  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 AMSU sensor are combined to calculate the interference from the inter-satellite links of that TDRSS satellite.
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Figure A-5 – TDRSS Deployment Model

Simulations for this deployment model were conducted for 2 million sq. km measurement areas in North America between 32.524° and 45.476° North Latitude and between 89.966° and 106.034° West Longitude as illustrated in Figure A-5.  Simulations were run to produce CDFs over a simulation run of 200 days with a 200 msec 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 passive sensor in the 31.3-31.5 GHz band is presented in Figure A-6 for each TDRSS satellite individually and for the combination of both TDRSS satellites.  It should be noted that the levels of interference received by the AMSU-A passive sensor from TDRSS unwanted emissions do not exceed the criteria of Recommendation ITU-R SA.1029-2.
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Figure A-6 – Interference CDFs.

5
Summary and Conclusions

Dynamic simulations were conducted for the HIBLEO-2 and TDRSS systems and several types of passive sensors.  These simulations indicate that the permissible interference levels of Recommendation ITU-R SA.1029-2 will be satisfied for current passive sensors.  Consequently, no mitigation techniques need to be applied to either the active or passive service in order to achieve compatibility.

B.
Unwanted Emissions from the FSS Operating in the 30.0-31.0 GHz Band into the EESS (passive) Operating in the 31.3-31.5 GHz Band

1
Introduction

This Section includes dynamic analyses to characterize the interference that might be received by passive sensors operating in the 31.3-31.5 GHz passive band from earth stations in the fixed-satellite service (FSS) operating in the 30-31 GHz band.  Several FSS uplink deployment models are used in the dynamic simulations described herein.  These FSS deployment models were considered by Working Party 4A and their comments have been taken into account in implementing these models.

2
Description of Additional Simulations

A commercial simulation program was used to perform the dynamic model simulations for developing the cumulative distribution functions (CDFs) of the interference received by apassive sensor with respect to observations made over a 2,000,000 km2 measurement area as specified in Recommendation ITU-R SA.1029-2.

2.1
FSS Uplink Deployment Model Parameters

Recommendation ITU-R SA.1029-2 specifies permissible interference levels for passive sensors in this band in terms of the percentage of a 2 million square km measurement area over which these levels may be exceeded.  In order to conduct a dynamic simulation, an FSS uplink deployment model is needed to represent the sources of interference while the passive sensor is conducting measurements over such a 2 million square km 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 a range of antenna diameters and EIRPs reflecting a range of capacity requirements.  In order to develop a possible deployment model for such FSS systems in the 30-31 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 Figures B-1 and B-2.
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Figure B-1 – Asia EESS Measurement Areas and FSS Deployment Models

[image: image8.emf]
Figure B-2 – 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 Figures B-1 and B-2, 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.

A wide range of satellite and earth station parameters are specified in the satellite filings that were reviewed.  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 meters 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 B-1.

These calculated uplink transmit power levels must be corrected by an out-of-band (OOB) factor to account for only 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.  The OOB factor is defined as the portion of the total transmit power that falls within the victim receiver (e.g. passive sensor) bandwidth.  The following output filter characteristic was assumed for a 150 MHz bandwidth with center frequency at 30.925 GHz:
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Using this filter characteristic and a (sin(x)/x)2 spectrum shape of a QPSK emission with a symbol rate equal to the specified bandwidth, the OOB factors indicated in Table B-1 were calculated by numerically integrating the product of these two factors over the passive sensor reference bandwidth.  As recommended by Working Party 4A, 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 post-modulation filtering.
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Typical Earth Station 0.75 M 2.4 M 6.1 M

meters

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 30875 30875 30875

MHz

Uplink Carrier Frequency 30980 30950 30875

MHz

OOB Power w/ H(f) (within 31.3-31.5 GHz) -57.5 -56.2 -53.5

dBW/200MHz

OOB Factor w/ H(f) -62.9 -59.8 -55.4

dB

OOB EIRP w/ H(f) (within 31.3-31.5 GHz) -12.3 -1.5 9.9

dBW/200MHz

OOB Power w/o H(f) (within 31.3-31.5 GHz)  -25.5 -24.2 -22.0

dBW/200MHz

OOB Factor w/o H(f) -30.9 -27.9 -23.9

dB

OOB EIRP w/o H(f) (within 31.3-31.5 GHz) 19.7 30.5 41.4

dBW/200MHz


Table B-1 – FSS Uplink Earth Station Parameters

2.2
Simulation Results

For the broadband FSS deployment models illustrated in Figures B-1 and B-2, a simulation was run to produce the CDF over a simulation run of 16 days with a 200 msec 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 Figures B-3 and B-4.
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Figure B-3 – Asia FSS Deployment Model Interference CDF
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Figure B-4 – Europe FSS Deployment Model Interference CDF

The following table compares the results of these simulations with the permissible interference level for current passive sensors specified in Recommendation ITU-R SA.1029-2 assuming no post-modulation filtering of the uplink transmission, and identifies the amount of mitigation (e.g. filtering) that would be required if the unwanted emission EIRP level were to be constrained to a particular limit.
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Table B-2 – Analysis of Simulation Results

3
Summary and Conclusion

3.1
Summary

Two dynamic simulations 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.  Each of these studies identified the levels of unwanted emission EIRPs for which the permissible passive sensor interference level of Recommendation ITU-R SA.1029-2 is not exceeded for the FSS deployment model and parameters assumed in the simulation study.  

3.2
Conclusions

For the case of FSS systems involving only a few earth stations with wideband, high power uplinks communicating with a few GSO and non-GSO satellites, such as the USCSID and USCSID-P systems, no mitigation is required to protect passive sensors currently operating in the 31.3-31.5 GHz band even.  In the case of commercial broadband FSS systems characterized by a variety of uplink earth stations in areas served by multiple high capacity satellites with narrow spot beams, the existing 300 MHz separation between the FSS and EESS (passive) allocations appears to provide enough interference mitigation for all but the most extreme cases which are not viewed as realistic.

C.
Unwanted Emissions from the FSS Operating in the 47.2-50.2 GHz Band into the EESS (passive) Operating in the 50.2-50.4 GHz Band
1
Introduction
This Section includes dynamic analyses to characterize the interference that might be received by passive sensors operating in the 50.2-50.4 GHz passive band from earth stations in the fixed-satellite service (FSS) operating in the 47.2-50.2 GHz band.  Several FSS uplink deployment models are used in the dynamic simulations described herein.  These FSS deployment models were considered by Working Party 4A and their comments have been taken into account in implementing these models.

2
Description of New Simulations

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 2,000,000 km2 measurement area as specified in Recommendation ITU-R SA.1029-2.

2.1
FSS Uplink Deployment Model Parameters

Recommendation ITU-R SA.1029-2 specifies permissible interference levels for passive sensors in this band in terms of the percentage of a 2 million square km 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 million square km 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 a range of antenna diameters and EIRPs 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 Figures C-1 and C-2.
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Figure C-1 – Asia EESS Measurement Areas and FSS Deployment Models

[image: image15.emf]
Figure C-2- 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 Figures C-1 and C-2, 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.

A wide range of satellite and earth station parameters are specified in the satellite filings that were reviewed.  Transponder bandwidths range from 250 to 1,000 MHz and satellite receiving system noise temperatures range from 650 to 1100 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 C-1.

These calculated uplink transmit power levels must be corrected by an out-of-band (OOB) factor to account for only 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.  The OOB factor is defined as the portion of the total transmit power that falls within the victim receiver (e.g. passive sensor) bandwidth.  The following output filter characteristic, which provides a 40 dB/decade roll-off, was assumed for a 250 MHz bandwidth with center frequency at 50.075 GHz in this simulation:
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Using this filter characteristic and a (sin(x)/x)2 spectrum shape of a QPSK emission with a symbol rate equal to the specified bandwidth, the OOB factors indicated in Table C-1 were calculated by numerically integrating the product of these two factors over the passive sensor reference bandwidth.  As recommended by Working Party 4A, 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 post-modulation filtering.
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Table C-1 – FSS Uplink Earth Station Parameters

2.2
Simulation Results

For the broadband FSS deployment models illustrated in Figures C-1 and C-2, a simulation was run to produce the CDF over a simulation run of 16 days with a 200 msec 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 Figures C-3 and C-4.
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Figure C-3 – Asia FSS Deployment Model Interference CDF
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Figure C-4 – Europe FSS Deployment Model Interference CDF

Each of the CDF curves in Figures C-3 and C-4 correspond to a different value of unwanted emission EIRP in the passive sensor reference bandwidth as calculated in Table C-1, and the information in these CDF curves can be used to illustrate the variation in the passive sensor interference resulting from these different EIRP levels.  

The following table compares the results of these simulations with the permissible interference level for current passive sensors specified in Recommendation ITU-R SA.1029-2 assuming no post-modulation filtering of the uplink transmission, and identifies the amount of mitigation (e.g. filtering) that would be required if the unwanted emission EIRP level were to be constrained to a particular limit.
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Table C-2 – Analysis of Simulation Results

3
Mitigation techniques

Based on the results of simulations, the following table indicates the amount of mitigation needed and the amount by which the permissible interference levels of Recommendation ITU-R SA.1029-2 would be exceeded if the unwanted emission EIRP level was limited to 30 dBW/200 MHz in the 50-2-50.4 GHz band.
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Table C-3 – Impact of Limiting Unwanted Emission EIRP

For the FSS deployment models analyzed in these simulations in which no post-modulation filtering is assumed, Table C-2 indicates that mitigation is required if the permissible interference levels in Recommendation ITU-R SA.1029-2 are not to be exceeded.  Table C-3 illustrates the impact on the EESS (passive) interference levels if the unwanted emission EIRP of all earth stations were to be limited to 30 dBW/200MHz in the 50.2-50.4 GHz band.

The levels of unwanted emissions from FSS transmitters can be reduced through the use of efficient modulation techniques, improved pre-modulation and post-modulation filtering and high linearity amplifiers. 

D.
Unwanted Emissions from the FSS Operating in the 50.4-51.4 GHz Band into the EESS (passive) Operating in the 50.2-50.4 GHz Band

1
Introduction

This Section includes dynamic analyses to characterize the interference that might be received by passive sensors operating in the 50.2-50.4 GHz passive band from earth stations in the fixed-satellite service (FSS) operating in the 50.4-51.4 GHz band.  Several FSS uplink deployment models are used in the dynamic simulations described herein.  These FSS deployment models were considered by Working Party 4A and their comments have been taken into account in implementing these models.

2
Description of New Simulations.

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 2,000,000 km2 measurement area as specified in Recommendation ITU-R SA.1029-2.

2.1
FSS Uplink Deployment Model Parameters.

Recommendation ITU-R SA.1029-2 specifies permissible interference levels for passive sensors in this band in terms of the percentage of a 2 million square km measurement area over which these levels may be exceeded.  In order to conduct a dynamic simulation, an FSS uplink deployment model is needed  to represent the sources of interference while the passive sensor is conducting measurements over such a 2 million square km 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 a range of antenna diameters and EIRPs 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 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 Figures D-1 and D-2.
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Figure D-1 – Asia EESS Measurement Areas and FSS Deployment Models
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Figure D-2 – 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 53 dBi may be typical, which corresponds to a -3 dB beamwidth of about 0.4°.  As illustrated in Figures D-1 and D-2, 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.

A wide range of satellite and earth station parameters are specified in the satellite filings that were reviewed.  Transponder bandwidths range from 250 to 1,000 MHz and satellite receiving system noise temperatures range from 650 to 1100 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 D-1.

These calculated uplink transmit power levels must be corrected by an out-of-band (OOB) factor to account for only 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.  The OOB factor is defined as the portion of the total transmit power that falls within the victim receiver (e.g. passive sensor) bandwidth.  The following output filter characteristic, which provides a 40 dB/decade roll-off, was assumed for a 250 MHz bandwidth with center frequency at 50.525 GHz in this simulation:
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Using this filter characteristic and a (sin(x)/x)2 spectrum shape of a QPSK emission with a symbol rate equal to the specified bandwidth, the OOB factors indicated in Table D-1 were calculated by numerically integrating the product of these two factors over the passive sensor reference bandwidth.  As recommended by Working Party 4A, 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 post-modulation filtering.
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margin 0 0 0
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dBW

Transponder Bandwidth 250 250 250

MHz

Transponder Center Frequency 50525 50525 50525

MHz

Uplink Carrier Frequency 50410 50415 50460
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OOB Power w/ H(f) (within 50.2-50.4 GHz) -13.7 -19.3 -23.7

dBW/200MHz

OOB Factor w/ H(f)  -26.3 -23.7 -26.4

dB
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OOB Power w/o H(f) (within 50.2-50.4 GHz) -3.9 -9.1 -11.5

dBW/200MHz

OOB Factor w/o H(f) -16.5 -13.6 -14.2
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OOB EIRP w/o H(f) (within 50.2-50.4 GHz) 38.0 48.4 53.9
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Table D-1 – FSS Uplink Earth Station Parameters
2.2
Simulation Results

For the broadband FSS deployment models illustrated in Figures D-1 and D-2, a simulation was run to produce the CDF over a simulation run of 16 days with a 200 msec 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 Figures D-3 and D-4.
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Figure D-3 – Asia FSS Deployment Model Interference CDF
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Figure D-4 – Europe FSS Deployment Model Interference CDF

The following table compares the results of these simulations with the permissible interference level for current passive sensors specified in Recommendation ITU-R SA.1029-2 assuming no post-modulation filtering of the uplink transmission, and identifies the amount of mitigation (e.g. filtering) that would be required if the unwanted emission EIRP level were to be constrained to a particular limit.
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Table D-2 – Analysis of Simulation Results

3
Mitigation techniques

Based on the results of simulations, the following table indicates the amount of mitigation needed and amount by which the permissible interference levels of Recommendation ITU-R SA.1029-2 would be exceeded if the unwanted emission EIRP level was limited to 30 dBW/200 MHz in the 50-2-50.4 GHz band.
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Table D-3 – Impact of Limiting Unwanted Emission EIRP
For the FSS deployment models analyzed in the simulations in which no post-modulation filtering is assumed, Table D-2 indicates that mitigation is required if the permissible interference levels in Recommendation ITU-R SA.1029-2 are not to be exceeded.  Table D-3 illustrates the impact on the EESS (passive) interference levels if the unwanted emission EIRP of all earth stations were to be limited to 30 dBW/200MHz in the 50.2-50.4 GHz band.

The levels of unwanted emissions from FSS transmitters can be reduced through the use of efficient modulation techniques, improved pre-modulation and post-modulation filtering and high linearity amplifiers.  
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