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compatibility issueS between Ultra-Wide Band and Earth Exploration-Satellite Service 

This document provides a revision of chapter 3.1 providing a technical analysis between UWB and EESS.

3.1
Earth exploration-satellite service (EESS) 

(WP 7C – Jean Pla (F))

3.1.1
EESS (active) in the 5 GHz band

3.1.1.1
Spaceborne altimeter at 5 GHz

The first EESS (active) system that is considered is the Spaceborne Radar Altimeter which determines the height of the Earth’s land and ocean surfaces. The current spaceborne altimeter uses 320 MHz between 5 140 and 5 460 MHz. Such a bandwidth is essential to provide continuous measurements of the topography of the ocean surface with an unprecedented accuracy (1 to 2.5 cm).

The altitude of the satellite is 1 347 km, with a maximum antenna gain of 32.2 dBi, with (–3 dB of 3.3° with sidelobes at about 2.2 dBi (–30 dB). This satellite is a project between NASA and CNES. The altimeter interference threshold is –113 dBm per MHz.

Following the decisions taken at WRC-03, this band is extended up to 320 MHz from 5 250 MHz to 5 570 MHz.
In the following Table, two cases are considered: indoor use and outdoor use. For the case of indoor use, an average building attenuation of 17 dB towards EESS (active) instruments is used in the aggregate model only. The rationale for such a figure can be found in ITU-R draft new Recommendation (DNR) SA. [Doc. 7/46]: “Sharing in the band 5 250-5 350 MHz between the EESS (active) and wireless access systems (including RLANs) in the mobile service”. 

The following Table summarizes the compatibility study.

Table 1

Compatibility analysis between UWB and EESS (active: spaceborne altimeter) at 5 GHz

	Parameter
	Value achieved for the limit: modified FCC and
slope mask

	Maximum e.i.r.p. (power spectral density) of a single UWB device
	–41.3 dBm/MHz (indoor and outdoor)

	Distance UWB – Satellite receiver in km
	1 347

	Space attenuation in dB
	169.5

	Satellite antenna gain in dBi
	32.2

	Received power at the satellite receiver in 1 MHz bandwidth in dBm
	–178.6

	Threshold in dBm/MHz
	–113

	Margin with a single UWB device in dB
	67.6

	Gating effect for the aggregate case in dB
	3

	Size of the satellite footprint in km
	50

	Maximum UWB density per km2 corresponding to the above spaceborne altimeter footprint
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3.1.1.2
Synthetic aperture radar

The second EESS (active) system that is considered is the SAR: synthetic aperture radar. Spaceborne SARs remote sensing technology make it possible to acquire global-scale data sets that provide unique information about the Earth’s continually changing surface characteristics. A SAR mission is essential to routinely provide valuable information about the dynamic characteristics of our planet, along with broad scientific, environmental preservation, operational, and commercial utility. 

The current EESS (active) allocation at 5 GHz is from 5 250 MHz to 5 460 MHz (210 MHz bandwidth). The altitude of the satellite is 400 km, with a maximum antenna gain of 42.7 dBi.

The SAR interference threshold is –115.3 dBm per MHz.

Following the decisions taken at WRC-03, this band is extended up to 320 MHz from 5250 MHz to 5570 MHz.
In the following Table, two cases are considered: indoor use and outdoor use. For the case of indoor use, an average building attenuation of 17 dB towards EESS (active) instruments is used in the aggregate model only. The rationale for such a figure can be found in ITU-R draft new Recommendation (DNR) SA.[Doc. 7/46]: “Sharing in the band 5 250-5 350 MHz between the EESS(active) and wireless access systems (including RLANs) in the mobile service”. 

The following Table summarizes the compatibility study.

Table 2

Compatibility analysis between UWB and EESS (active: SAR) at 5 GHz

	Parameter
	Value achieved for the limit: modified FCC and 
slope mask

	Maximum e.i.r.p. (power spectral density) of a single UWB device
	–41.3 dBm/MHz (indoor and outdoor)

	Distance UWB – Satellite receiver in km (satellite nadir angle of 32.5°)
	474

	Space attenuation in dB
	160.4

	Satellite antenna gain in dBi
	42.7

	Received power at the satellite receiver in 1 MHz bandwidth in dBm
	–159

	Threshold in dBm/MHz
	–115.3

	Margin with a single UWB device in dB
	43.7

	Gating effect for the aggregate case in dB
	3

	Size of the satellite footprint in km
	8.4

	Maximum UWB density per km2 corresponding to the above SAR footprint
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3.1.1.3

Conclusion for compatibility between EESS (active) and UWB

The above calculations have shown that the EESS (active) bands at 5 GHz can be sensitive to UWB devices, especially the synthetic aperture radars.

Some bands at 5 GHz are already allocated to radiolocation on a primary basis, and according to agenda item 1.5 of WRC‑03, other services and systems got an allocation at 5 GHz, such as: WAS (Wireless Access Systems including RLANs), FWA (Fixed Wireless Access).

It should be noted that some administrations in some bands have started to implement WAS in some Region countries: such systems are currently operated under Article 4.4 before the allocation has been decided at WRC-03. Sharing studies have been conducted between EESS (active) and MS (RLAN) and ITU‑R studies have shown the corresponding services are compatible.

However, these results are based on certain assumptions based on HIPERLAN densities and active channels. If additional systems such as UWB were to be deployed in the 5 GHz range, it might raise the noise floor of the overall 5 GHz band and might involve compatibility problems between all the existing services.

During WRC‑03, specific sets of parameters for MS (RLAN) systems have been agreed.

Therefore, this analysis tends to conclude that UWB systems should avoid those bands in order not to create additional noise damaging to the existing ITU-R services.

3.1.2
Earth exploration satellite (space-to-Earth) in the band 8 025-8 400 MHz

The band 8025-8400 MHz is allocated to the Earth exploration satellite service (space-to-Earth). According to ITU-R recommendation SA.1027-3, Sharing and coordination criteria for space-to-earth data transmission systems in the Earth Exploration Satellite and Meteorological Satellite Services using satellites in low earth orbit,  the protection criteria to be used for sharing analysis is -134 dBW/ 100MHz at the input of the ground station antenna. The Earth station antenna gain of 55 dBi (9 m antenna dish, Ө3 dB = 0.3°) is already included in the protection criteria. It is important to note that the above sharing criteria is a long term criteria which has been determined for terrestrial systems. Therefore, the acceptable interference at the antenna input is -214 dBW/Hz or -124 dBm/MHz: this figure is an overall protection criteria against harmful terrestrial interferences which is valid at the input of the antenna of the ground station.

Typical altitudes of science satellites are around 700 km.

3.1.2.1
Single UWB device in the main beam of the receive antenna

The new FCC limit indicates – 41.3 dBm/MHz for both outdoor and indoor : such value is above the limit. Therefore, it results a negative margin of 41.3 - 124 = -82.7 dB at the receiver of the ground station. This FCC limit, which is also the same for the slope mask limit implies a coordination distance of 40 m.

Therefore, it is obvious that operation of a single UWB device in the vicinity of a X band ground station for space science services and within the band  8025 - 8400 MHz frequency band would largely exceed the current interference protection requirements. UWB devices operating at that power level would add to the system noise, rendering the space science services ground stations quite less able of receiving telemetry from satellites.

3.1.2.2
Aggregate case

The aggregate case needs the use the Fantasma method which computes the minimum radius R0 for a given maximum radius R1 = 10 km and for various average densities per km2. The activity factor is – 3 dB. The following table provides the corresponding coordination distances for the Earth Exploration Satellite for both indoor and outdoor use. For the case of indoor use, an average building attenuation of 17 dB, as a provisional value, is used in the aggregate model only. 

Table 3

Coordination distances between UWB devices and a space science ground station in the band 8025 - 8400 MHz in the aggregate case

	Coordination distance for the aggregation of UWB devices: calculation of the minimum distance R0 and of the average density of UWB devices, given a maximum radius of 10 km
	New FCC limit or slope mask limit: - 41.3 dBm/MHz (both indoor and outdoor)

	Outdoor use
	R0= 40 m

36 UWB per km2

	
	R0= 1330 m

100 UWB per km2

	
	R0= 8.170 m

1000 UWB per km2

	Indoor use
	R0= 40 m

1800 UWB per km2

	
	R0= 400 m

3100 UWB per km2

	
	R0= 4000 m

11000 UWB per km2


The above calculations have shown that a coordination distance is required around each ground station. 

3.1.2.3
Conclusion for compatibility with EESS (space to Earth) in the 8 GHz band

According to the above calculated separation distances and due to the fact the characteristics of the UWB deployment are not correctly known, careful attention must be paid to the band 8025-8400 MHz for which the analysis tends to conclude that UWB devices should avoid such band in order not to cause any interference to the ground stations. 

3.1.3
Description of an EESS (passive) system

Passive sensors are measuring natural transmitted radiation in the microwave spectrum and have a global coverage. Radiometric imaging of a scene of interest is accomplished by scanning the main beam of the antenna. For a moving platform, scanning in the cross track dimension is sufficient to produce an image. Both mechanical and electronic (beam-steering) scanning techniques are used in microwave radiometry. In mechanical scanning, the direction of the antenna beam is changed by mechanical rotation or angular movement of the radiating aperture of the antenna system. Alternatively, phased array antennas can be used to steer the direction of the antenna beam electronically (no mechanical motion in the scanning process).

Various types of radiometer instruments are flying depending on the requirements.

· Atmospheric sounders which provide information about vertical profiles of temperature and molecular constituent concentrations in the atmosphere by making measurements near the molecular resonance frequencies (resonance method with nadir pointing).

· Surface imaging sensors operate primarily at window frequencies where atmospheric absorption is low and surface features can be imaged or measured quantitatively. The nadir viewing technique is employed for surface imaging. Radiometric measurements are affected to some extent by water vapour, clouds and rainfall. Hence, most surface sensing radiometers include frequency channels sensitive to atmospheric water vapour and liquid water, to measure global distributions of these parameters and to correct for their effects on the measurement of the surface parameters.

The above two kinds of passive observations can be performed either using a conical scan sensor or a nadir sensor. Those two kinds of sensors are explained below.

3.1.3.1 
Conical scan passive sensors

Figure 1

Geometry of conical scan passive microwave radiometers
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The typical geometrical parameters of this kind of instruments are the following (for an altitude of about 850 km).

· Ground incidence angle i at footprint centre: around 50°.

· EESS offset angle to the nadir or half cone angle α to the nadir direction (also called antenna offset angle or off nadir angle): about 44°.

· Useful swath of about 1600 km.

· The scanning period is chosen in order to ensure full coverage and optimum integration time (radiometric resolution).

3.1.3.2
Cross track passive sensors

Figure 2 shows a nadir sounder using a mechanical scan. 

Figure 3 shows a nadir sounder using an electronic scan, which means that it is possible for the radiometer to see at the same time the whole line of pixels within a single swath, because all the beams are simultaneously in operation.
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Figure 2

Geometry of mechanical scan passive nadir microwave radiometers
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Figure 3

Geometry of electronic scan passive nadir microwave radiometers

3.1.4
EESS (passive) except the band 23.6-24 GHz

3.1.4.1
1 400-1 427 MHz band

3.1.4.1.1
Analysis

In compliance with Recommendation ITU-R SA.1029-2, the acceptable interference power received by the EESS sensor by unwanted emissions for this band is –174 dBW in the reference bandwidth of 27 MHz, which is equivalent to –158.3 dBm/MHz. This corresponds to a measurement sensitivity of (T = 0.05 K. It is important to note that this band is protected by footnote 5.340 which states that “all emissions are prohibited”.

There are two main projects that are currently planned. NASA/JPL is currently developing an instrument for measuring Soil Moisture (the HYDROS mission), which will collect measurements in the entire passive microwave band under consideration (1 400-1 427 MHz). The European Space Agency (ESA) jointly with CNES is developing a separate instrument (the SMOS mission), using a different technological approach, for measurements of soil moisture and ocean salinity. HYDROS and SMOS are complementary missions, both requiring high-precision radiometric measurements globally and continuously in time. 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.

The SMOS (Soil Moisture and Ocean Salinity) mission uses interferometric antennas (planar, Y shaped antenna), while the HYDROS mission uses a high antenna gain.

The SMOS antenna pattern is plotted in Figure 4. One can notice that the total beamwidth equals 75° at –3 dB.
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Figure 4

SMOS sensor antenna pattern as a function of the off-axis angle in degrees

The SMOS orbit altitude is 760 km.

For the HYDROS project, the antenna is an offset fed parabolic, deployable mesh reflector antenna. The maximum antenna gain is about 35 dBi with a (–3 dB of about 2.6° with sidelobes down to – 4 dBi. The HYDROS orbit altitude is 670 km with an inclination of 98°. HYDROS is a conical scan instrument having a 40° off-nadir with a scanning rate around nadir of 6 rpm.

In addition to the normal Earth-viewing mode of HYDROS, the sensor will periodically be required to perform hot and cold calibration measurements that involve different geometries than those described below.  The beam pattern for the HYDROS sensor is illustrated in Figure 5.  

[image: image9.png]B

0

a0

«

10

10

Off Axis Angle




Figure 5

HYDROS antenna pattern

Table 4

Compatibility analysis between UWB and EESS (passive) in the band 1 400-1 427 MHz

	Parameter
	SMOS
	HYDROS

	Maximum e.i.r.p. (power spectral density) of a single UWB device
	–75 dBm/MHz: FCC mask (both indoor and outdoor)
	–90.9 dBm/MHz: slope mask: outdoor
–80.9 dBm/MHz: slope mask: indoor
	–75 dBm/MHz: FCC mask (both indoor and outdoor)
	–90.9 dBm/MHz: slope mask: outdoor
–80.9 dBm/MHz: slope mask: indoor

	Distance UWB – Satellite EESS sensor in km
	760
	760
	909
	909

	Space attenuation in dB
	153
	153
	155
	155

	Satellite antenna gain in dBi
	9
	9
	35
	35

	Received power at the EESS sensor in 1 MHz bandwidth in dBm
	–219
	–234.9: outdoor
–224.9: indoor
	–195
	–210.9: outdoor
–200.9: indoor

	Threshold in dBm in a 1 MHz bandwidth
	
-158.3
	
-158.3
	
-158.3
	
-158.3

	Margin with a single UWB device in dB for outdoor use
	
60.7
	
76.6
	
36.7
	
52.6

	Margin with a single UWB device in dB for indoor use
	
60.7
	
66.6
	
36.7
	
42.6

	Gating effect for the aggregate case in dB
	3
	3
	3
	3

	Size of the satellite footprint: radius in km
	584
	584
	25
	25

	Outdoor use

Maximum UWB density per km2 corresponding to the above EESS footprint for outdoor use
	2.1
	84
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	Indoor use

Maximum UWB density per km2 corresponding to the above EESS footprint for indoor use with indoor attenuation of 12 dB
	34.6
	134.6
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	Use of the aggregation model to compute the maximum UWB density per km2 corresponding to the above EESS footprint
	Outdoor: 
2.9
	Outdoor: 
110
	N/A
	N/A

	
	Indoor: 
45
	Indoor: 
175
	N/A
	N/A


When a single UWB device is operating with the e.i.r.p. expressed above, the receiver on board the satellite would not be affected by an UWB unwanted emission. However, it appears that depending on the e.i.r.p. of a single UWB device and on the UWB density per km2, the 1 400-1 427 exclusive passive band can experience harmful interference. If those UWB devices are operating in the band 1 400‑1 427 MHz, it should be noted that those emissions will be in strict violation of Article 5.340.

In addition to the UWB devices, it should be noted that, other existing services or systems adjacent to the band 1 400-1 427 MHz are able to cause interference: the resulting level of unwanted emissions may exceed the interference threshold. ITU-R TG 1/7 followed by ITU-R TG1/9 have undertaken technical studies to assess the level of unwanted emissions caused by services or systems in adjacent or nearby bands. Annex 3 of the DNR [Band-by-Band Studies] called “Compatibility analysis between the Earth exploration-satellite (passive) service systems operating in the 1 400-1 427 MHz band and radiolocation service systems operating in the 1 350-1 400 MHz band” has shown that compatibility between EESS (passive) and radiolocation service could be achieved if certain conditions are met.

3.1.4.1.2
Conclusion on compatibility for the 1400-1427 MHz band
Due to its exclusive status under footnote 5.340, current interference falling into the 1 400-1 427 MHz band are only due to unwanted emissions produced by services in adjacent bands to which the whole interference budget is already given.

The noise created by the UWB devices will be in addition of these unwanted emissions and is shown as already, on its own, exceeding the interference EESS criteria even with low UWB  density.

This analysis hence tends to conclude that UWB devices should avoid this exclusive and essential passive band using any adequate technique.

In addition, it needs to be noted that further study is required to determine the impact of potential UWB interference located outside of the –3 dB beamwidth of the sensor main beam, but still close enough to the main-beam axis to produce a significant contribution to the aggregate interference level at the satellite receiver.

3.1.4.2
Preliminary compatibility study around 6.9 GHz

According to 5.458, the bands 6425-7075 MHz and 7075-7250 MHz are used for EESS (passive) measurements. Specifically, the band 6725-7075 MHz ( 350 MHz bandwidth) is currently used by AMSR-E, a conical scan microwave radiometer mounted on the Aqua satellite. A similar instrument will be used by CIMIS mounted on NPOES satellite. This band is used over oceans in order to measure the sea surface temperature　and the sea surface wind speed, but also over lands to measure soil moisture in combination with other channels. A preliminary compatibility study is shown in the following table.

Preliminary compatibility analysis between UWB and EESS (passive) in 6.925 GHz  according to FCC UWB emission limit
	Centre frequency (GHz)
	6.925

	Satellite orbit altitude (km)
	700

	Antenna diameter (m)
	1.6

	Antenna beam width (deg.)
	2.2

	Sensor off-nadir angle (deg.)
	47.4

	Distance between UWB and satellite EESS (km)
	1 111

	Maximum EIRP of single UWB device (dBm/MHz)
	–41.3

	Free space attenuation (dB)
	169.68

	Atmospheric attenuation (dB)
	0.07

	Sensor antenna gain (dBi)
	38.8

	Sensor permissible interference density level (dBm/MHz)
	–159

	Size of sensor footprint (km2)
	2 496

	
	

	Outdoor use

Margin with single UWB (dB)
	13.25

	Number of maximum UWB devices in footprint
	21

	Maximum UWB density per unit area (km-2)
	0.0084

	
	

	Indoor use

Building attenuation (dB)
	12

	Margin with single UWB (dB)
	25.25

	Number of maximum UWB devices in footprint
	335

	Maximum UWB density per unit area (km-2)
	0.13


3.1.4.3
10.6-10.7 GHz band

3.1.4.3.1
Analysis

According to Recommendation ITU-R SA.1029-2, the acceptable interference power received by the EESS sensor for this band is –166 dBW in the reference bandwidth of 100 MHz, which is equivalent to –156 dBm/MHz. 

It is important to note that the band 10.6-10.7 GHz is divided into two specific parts.

· The band 10.6-10.68 GHz is equally shared with MS and FS on a primary status.

· The band 10.68-10.7 GHz is quoted in RR N° 5.340 which states that “all emissions are prohibited”. 

Table 5 summarizes the parameters of conical scanning passive sensors that are or will be operating in the 10.6-10.7 GHz band. Figures 6 to 9 show the various antenna patterns valid for each radiometer.

The band 10.6-10.7 GHz is of primary interest to measure rain, snow, sea state and ocean wind. 

These EESS sensors have a conical scan configuration centred around 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 in orbit configuration of conically scanned instruments is described in the figure 1. At its altitude, the conical scan radiometer measures the upwelling scene brightness temperatures over an angular sector (useful scan angle in figure 1). 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.

The rotation speed of the instrument is w between 20 revolutions per minute (rpm) and 40 rpm. 

Table 5

Passive sensor parameters

	Channel 10.6-10.7 GHz
	SENSOR1-10 GHz
	AMSR-E
	AMSR
	CMIS

	Channel bandwidth
	100 MHz
	100 MHz
	100 MHz
	100 MHz

	Pixel size across track (diameter)
	56.7 km
	34 km
	23 km
	42.9 km

	Offset angle to the nadir or half cone angle α
	44.3°
	47.5°
	45.2°
	48.6°

	Incidence angle i at footprint centre
	52°
	55°
	53°
	58.1°

	Polarization
	H, V
	H, V
	H,V
	H, V, R, L

	Altitude of the satellite
	817 km
	705 km
	800 km
	833 km

	Maximum antenna gain
	36 dBi
	47 dBi
	45 dBi
	45 dBi

	Reflector diameter
	0.9 m
	1.6 m
	2 m
	2.2 m

	Useful swath
	1 594 km
	1 539 km
	1611 km
	1 893 km

	Half power antenna beam width (3 dB
	2.66°
	1.4°
	1.1°
	1.77°
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figure 6

Antenna pattern of the conical scan passive microwave radiometer SENSOR1_10GHz
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Figure 7

Antenna pattern of the conical scan passive microwave radiometer AMSR-E
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Figure 8

Antenna pattern of the conical scan passive microwave radiometer AMSR
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Figure 9

Antenna pattern of the conical scan passive microwave radiometer CMIS

According to the FCC regulation and the proposed slope mask, the proposed e.i.r.p. values are the following.

· outdoor: -61.3 dBm/MHz

· indoor: - 51.3 dBm/MHz

TABLE 6

Compatibility analysis between UWB and EESS (passive) in the band 10.6 - 10.7 GHz

	Parameter
	AMSR
	AMSR-E
	CMIS
	SENSOR1

	Maximum e.i.r.p. (power spectral density) of a single UWB device
	-61.3 dBm/MHz: outdoor
-51.3 dBm/MHz: indoor
	-61.3 dBm/MHz: outdoor
-51.3 dBm/MHz: indoor
	-61.3 dBm/MHz: outdoor
-51.3 dBm/MHz: indoor
	-61.3 dBm/MHz: outdoor
-51.3 dBm/MHz: indoor

	Altitude of the satellite in km
	800
	705
	833
	817

	Ground incidence angle in °
	53
	55
	58.1
	52

	Distance UWB – Satellite EESS sensor in km
	1329
	1229
	1576
	1327

	Space attenuation in dB
	175
	174
	178
	175

	Satellite antenna gain in dBi
	45
	47
	45
	36

	Received power at the EESS sensor in 1 MHz bandwidth
in dBm
	-191.3:  outdoor
-181.3: indoor
	-188.3:  outdoor
-178.3: indoor
	-194.3: outdoor
-184.3: indoor
	-200.3: outdoor
-190.3: indoor

	Threshold in dBm in a 1 MHz bandwidth
	-156


	-156


	-156


	-156



	Margin with a single UWB device in dB for outdoor use
	35.3
	32.3
	38.3
	44.3

	Margin with a single UWB device in dB for indoor use
	25.3
	22.3
	28.3
	34.3

	Activity factor in the aggregate case in dB
	3
	3
	3
	3

	Size of the satellite footprint: radius in km
	11.5
	17
	21.5
	28.5

	Outdoor use

Maximum density of active UWB transmitters per km2 corresponding to the above EESS footprint for outdoor use
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	Indoor use

Maximum density of active UWB transmitters per km2 corresponding to the above EESS footprint for indoor use with indoor attenuation of 17 dB
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3.1.4.3.2
Conclusion on compatibility for the 10.6-10.7 GHz band
When a single UWB device is operating with the e.i.r.p. expressed above, the receiver on board the satellite wouldn’t be affected by an UWB emission. It hence appears that depending on the e.i.r.p. of a single UWB device and on the UWB density per km2, the 10.6-10.7 GHz  passive band can experience harmful interference. 

In addition, it needs to be noted that further study is required to determine the impact of potential UWB interference located outside of the –3 dB beamwidth of the sensor main beam, but still close enough to the main-beam axis to produce a significant contribution to the aggregate interference level at the satellite receiver.

Eventually, it should also be noted that the 10.6‑10.68 GHz band is shared on a co-primary basis with the fixed and mobile services and that these services will have to account for most of the interference allowed under the interference protection criteria specified in Recommendation ITU-R SA.1029.

3.1.5 
Compatibility issues between EESS (passive) and vehicular radar systems at 24 GHz

This section contains the compatibility analysis between 24 GHz automotive short-range radars (SRR) and EESS(passive) in the 23.6-24 GHz band.

It represents a long-term scenario for which 100% vehicles would be equipped with SRR devices with an assumed SRR e.i.r.p. of  –41.3 dBm/MHz. 

All the data derived from those measurements will be corrupted in corresponding EESS observations (cities, roads or motorways) and lead to the conclusions that 24 GHz cannot share the band with the EESS (passive) in the band 23.6-24 GHz.

3.1.5.1 
Status of the 23.6-24 GHz frequency band

As summarised in Table below, the 23.6-24 GHz frequency band is exclusively allocated to passive services, among of which EESS (passive), and is quoted in footnote 5.340 that stipulates that all emissions are prohibited.

It has to be noted that, according to the Rules of Procedures of the ITU Radio Regulation Board, it is impossible to notify any system in the bands listed in footnote 5.340. 

TABLE 7

Band allocations around the 23.6-24 Ghz band

	Services in lower allocated bands
	Passive band
	Service in upper allocated band

	22.55-23.55 GHz
	23-23.6 GHz
	23.6-24 GHz
	24-24.05 GHz

	FIXED

INTER-SATELLITE

MOBILE
	FIXED

MOBILE
	EARTH EXPLORATION-SATELLITE (Passive)

RADIO ASTRONOMY

SPACE RESEARCH (Passive)

5.340
	AMATEUR

AMATEUR-SATELLITE

5.150


It should be emphasized that, despite the fact that interference may be suffered by the passive sensor near the lower and upper edges of the allocated passive band due to out-of-band emissions from active services allocated in adjacent bands, the exclusive status of the allocation essentially guarantees the cleanliness of the passive band, thus preserving the potential improvement of this sensing technique.

3.1.5.2 Use of the band 23.6-24 GHz by EESS

The band 23.6-24 GHz is of primary interest by itself to measure water vapour and liquid water. The total water vapour content from the ground to the satellite is best measured in this frequency band which has no equivalent frequency band having this same characteristic in the whole electromagnetic spectrum.

Spaceborne microwave passive sensors are operated by the EESS for the purpose of weather forecast and climatology to measure geophysical data worldwide, which describe the status of the complex atmosphere/oceans/land surface machinery.

The exclusive status granted by footnote 5.340 to most passive allocations recognises :

· the extreme vulnerability to interference of microwave passive sensors which are designed to measure very faint natural emissions,

· and the catastrophic consequences that interference may have on operational and scientific applications which rely on microwave passive measurements,

This concerns in particular frequency bands which are used for 3 dimensional (3D) atmospheric measurements, to the exception of frequency bands where the natural atmospheric attenuation provides sufficient shielding to prevent interference (for instance, in the O2 absorption spectrum around 60 GHz).

The 3D atmospheric temperature measurements of utmost importance for operational meteorology (numerical weather forecasting models) and climate studies and monitoring are performed in the oxygen absorption spectrum around 60 GHz. Temperature is also essential to retrieve passive measurements of other atmospheric gases which play a major role in energy transport (water vapour) and photo-chemistry processes (O3, CH4, NO2…).

Besides these primary measurements, auxiliary parameters are simultaneously measured because they are mandatory to decontaminate the primary measurements from unwanted effects due to atmospheric moisture (water vapour and liquid water).

Auxiliary parameters are obtained in three radiometric channels:

· Around 23.8 GHz for the total water vapour content,

· Around 90 GHz for the liquid water (precipitations),

· Around 31.5 GHz, which is the optimum « window » in the « valley » resulting from the combination of the oxygen and water-vapour absorption curves (see the channel 2 (A) on the figure 10 below), and which serves as a reference for all other measurements.

These auxiliary measurements must have radiometric and geometric performances consistent with those of the primary measurements, and must receive similar protection against interference. It is noted that the non-availability of only one auxiliary channel totally invalidates the complete data set.

These frequencies are indicated on the atmospheric O2 and H2O absorption curves presented on figure 10, where « channels 1(A) and (B), 2(A) and (B), 3(A) and (B)… » refer to the AMSU-A and B vertical sounders which are currently deployed on operational meteorological satellites.
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FIGURE 10

Frequencies for 3D passive atmospheric sounding

It must be emphasized that besides the numerical weather prediction, many applications relying on these measurements are strongly life and property-safety related. It was demonstrated that they can be severely hampered by any interference exceeding the internationally agreed threshold. These applications are in particular:

· detection and signalisation of potentially hazardous meteorological events. The augmentation of these hazardous events, even at mid latitudes, raise serious concerns in the scientific community ;

· air and sea traffic routing and safety in the vicinity of airports ;

· off-shore activities and in general out-door industrial activities.

The fulfilment of these tasks requires:

· the most accurate models of the atmosphere/oceans/land surface system;

· routinely acquired worldwide data which describe the status of the atmosphere/oceans/land surface system;

· the most powerful computers able to run the models and to assimilate the increasing volume of data. 

Because the atmosphere/oceans/land surface system is extremely complex, the operational tasks must be supported by important background scientific activities aiming at a better understanding and the consequential better modelling of this system.

In addition to that, concerning the band 23.6-24 GHz, it is important to note that this is the unique band in the whole electromagnetic spectrum where it is possible to retrieve with a good quality the total vertical water vapour content. 

Therefore, it is essential to preserve such a frequency band for undisturbed EESS observations.

The EESS (passive) currently operates two types of passive sensors in the 23.6 – 24 GHz band:

· Conically scanned sensors around the nadir direction, which are designed to measure two-dimensional surface (land and ocean) parameters as MEGHA-TROPIC, AMSR-E and CMIS instruments.

· Cross-track nadir sensors, which are designed to measure three-dimensional atmospheric parameters: Push-Broom, ATMS and AMSU-A instruments.

3.1.5.3 
Protection criteria for EESS (passive)

Performance and interference criteria are provided in the following ITU-R Recommendations:

· Recommendation ITU-R SA.1028-2, Performance criteria for satellite passive remote sensing.

· Recommendation ITU-R SA.1029-2, Interference criteria for satellite remote sensing.

The current requirement for protection of EESS is as follows:

· The interference threshold of the passive sensor is -166 dBW in a reference bandwidth of 200 MHz. This is a maximum interference level from all sources. Such a threshold corresponds to a measurement sensitivity of 0.05 K.

· The number of measurement cells where the interference threshold can be exceeded must not be more than 0.01% of pixels in all service areas for any kind of instrument.

Acknowledging that the current study is assumed to represent a long-term scenario, it should also been emphasised that these criteria are more than likely to become even more stringent in the future while passive sensors will improve, taking advantage of the technological advances, to better meet accuracy and sensitivity requirements.

In addition, the above criteria from Recommendation SA.1029-2 represents the maximum level of interference from all sources. Since the 23.6-24 GHz band is exclusively allocated to the EESS (passive), interferences near the lower and upper limits of the allocated band are currently to be expected only due to unwanted emissions from active services allocated in the adjacent bands. This means that the interference EESS threshold should be apportioned among the various interferers (unwanted emissions from adjacent services and potential UWB interference). This concept still need to be discussed within ITU-R.

Even though these 2 previous elements have not been used in the calculations below, they should be kept in mind in drawing conclusions that would ensure a long-term protection of passive sensing in the 23.6-24 GHz.

3.1.5.4 
24 GHz automotive short-range radars (SRR) characteristics
a)
SRR Density

The expected density of vehicles is in the range from 123 vehicles/km² for the highway scenario outside urban/suburban areas, 330 vehicles/ km² for urban/suburban areas and up to 453 vehicles/km² for urban scenarios.

A number of 4 active SRRs per car was used, taking into account a maximum number of 8 SRR per car.

However, for the specific case of the conical scan instruments, because of their geometry, a mitigation of factor of 25% (i.e. only 1 SRR per car is considered) due to random car directions was assumed.

b)
Power spectral density

The maximum e.i.r.p. density of the 24 GHz SRR considered in the calculations is -41.3 dBm/MHz or –71.3 dBW/MHz.

c)
Limitation of vertical antenna characteristics

The vertical antenna attenuation used in the calculation is based on the FCC rules for the frequency band between 23.6 GHz to 24.0 GHz that gives the following limitations of vertical antenna pattern for the car radars at angles greater than 30 degrees elevation above the horizontal plane:


25 dB attenuation by January 1, 2005


30 dB attenuation by January 1, 2010


35 dB attenuation by January 1, 2014

For this analysis, only the 3rd pattern (35 dB, more stringent) has been used, since it corresponds to the situation that would develop in the long term.

It should be noted that the 2 other patterns that are specified for dates prior to 2014 would result in a higher interference potential from SRR to EESS.

d)
Bumper loss

It is likely that SRR would be mounted behind bumpers which could add attenuation on the SRR signal. Therefore, a loss of 3 dB due to bumper attenuation at 24 GHz has been considered.

3.1.5.5
Interference assessment

3.1.5.5.1
Introduction

The UWB emissions from vehicular radar systems deployed over the surface of an EESS cell pixel aggregate into EESS sensors.

EESS sensors encompass two different types of instruments :

· Conically scanned instruments, MEGHA-TROPIC, AMSR and CMIS

· Cross-track nadir instruments, Push-Broom, AMSU-A and ATMS

The interference mechanism includes a direct interference component (direct path from the SRR side lobes to the EESS pixel) and a scattered power component (reflections of the SRR main lobe on preceding cars or road).

Two complementary methodologies have been considered :

· A specific methodology that calculates, based on each EESS system characteristics, the maximum car density to reach the EESS interference threshold and the resulting margin (positive or negative),

· A generic methodology that is assumed to be independent from the EESS system characteristics.

3.1.5.5.2
Scattering effects and coupling factor

One of the most probable scattering mechanisms between mobile vehicle radar and a satellite radiometer is a reflection of the main lobe of the radar by another directly-illuminated vehicle toward the main lobe of the radiometer. The US meteorological administration (NOAA) has made a study that analyses the impact of the radar signal scattering. This study has shown that the reflection generated by the rear part of the car in front of the transmitting radar would create a coupling ranging from –10 to –30 dB with respect to the EESS radiometers within the range of look angles.

It considers reflections from other cars only and takes into account the reflections due to the curvature of the window (characterised by an effective radius of curvature), the glass thickness and the distance between the two cars. Both cases of vertical and horizontal polarisation have been considered.

The corresponding figures for a glass thickness of 0.5 cm and for a radius of curvature of 10 m are the following :

· Cars with a separation distance of less than 10 m: about 5% of cars and a scatter gain of ‑15 dB.

· Cars with a separation distance of less than 30 m and more than 10 m: about 45% of cars and a scatter gain of –18 dB.

· Cars with a separation distance of more than 30 m: about 50% of cars and a scatter gain of –25 dB.

On this basis, the averaged car scattering gain becomes:
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The resulting scattered power is : PSRR – car_cattering_gain – bumper_attenuation

= –71.3 -19.8 -3 = -94.1 dBW/MHz
Field tests performed to measure the scattering effects at 24 GHz further indicate that a 4.7 dB factor should be deducted from the above scattered power to take into account the hemispherical distribution of the scattering. The resulting total scattered power per transmitter is therefore:

scattered_power = Pscatt = –94.1 –4.7= -98.8 dBW/MHz
It must be noted that the above analysis does not include considerations about the ground scattering and any additional power scattered by secondary reflections. This could increase the interference level, in particular in the urban scenario. At this stage, given the margin levels calculated in the interference assessment below, it was not felt that the additional study effort is required. In case it is needed, the work of ITU-R Study Group 3 could provide some guidance for the part relevant to the secondary reflections contribution.

As a summary, the following figure 11 describes the interference mechanism and coupling between 24 GHz SRR and EESS sensors.
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FIGURE 11

Interference mechanism and coupling between SRR and EESS

The resulting coupling between SRR and EESS sensors is hence, at the surface of the earth (i.e. without free space losses):

Pcoupling = 10log(10(Pdirect/10) +10(Pscatt/10))

Where :

Pscatt is the scattered power 

= -98.8 dBW/MHz 

Pdirect is the direct path power 

= SRR EIRP density – vertical attenuation - bumper loss








= -71.3 -35 - 3 = -109.3 dBW/MHz 

It hence results that Pcoupling = -98.4 dBW/MHz
Finally, compared to the SRR emission (SRR EIRP density – bumper loss), the total coupling factor between 24 GHz SRR and EESS sensors is :

C = SRR EIRP density – bumper loss – Pcoupling = 24.1 dB
3.1.5.5.3
Interference calculations for specific conically scanned EESS instruments

Table 8

Compatibility analysis between 24 GHz SRR and conically scanned EESS instruments

	Parameter
	MEGHA-TROPIC
	EOS AMSR-E
	CMIS

	Maximum SRR e.i.r.p. (power spectral density)
	-41.3 dBm / MHz
	-41.3 dBm / MHz
	-41.3 dBm / MHz

	Bumper attenuation
	-3 dB
	-3 dB
	-3 dB

	Radar antenna side lobe gain to be substracted (2014 mask)
	35 dB
	35 dB
	35 dB

	Direct power component
	-109.3 dBW/MHz
	-109.3 dBW/MHz
	-109.3 dBW/MHz

	Total scattered power component 
	-98.8 dBW/MHz
	-98.8 dBW/MHz
	-98.8 dBW/MHz

	Total power
	-98.4 dBW/MHz
	-98.4 dBW/MHz
	-98.4 dBW/MHz

	Resulting coupling
	24.1 dB
	24.1 dB
	24.1 dB

	Distance radar - EESS sensor
	1336 km
	1229 km
	1336 km

	Space attenuation
	182.5 dB
	181.8 dB
	182.5 dB

	EESS antenna gain
	40 dBi
	46 dBi
	53.5 dBi

	Atmospherical loss (ITU-R P.676)
	-1 dB
	-1 dB
	-1 dB

	Received power at the EESS in a 1 MHz bandwidth
	-241.9 dBW/MHz
	-235.2 dBW/MHz
	-228.4 dBW/MHz

	Corresponding received power at the EESS in a bandwidth of 200 MHz for one single radar.
	-218.9 dBW/200MHz
	-212.2 dBW/200MHz
	-205.4 dBW/200MHz

	EESS interference threshold (ITU-R SA 1029-2)
	-166 dBW/200MHz


	-166 dBW/200MHz


	-166 dBW/200MHz

	Number of radars in order to reach the EESS threshold
	195360 radars

(52.9 dB)
	41527 radars

(46.2 dB)
	8726 radars

(39.4 dB)

	Number of active radars per car
	4
	4
	4

	Mitigation factor due to random car directions (25%)
	- 6 dB
	- 6 dB
	-6 dB

	Size of the EESS pixel
	984 km²
	243 km²
	394 km²

	Maximum car density per km2 corresponding to the above number of cars in the EESS pixel
	194984/4*25%/984 = 198 

or 23 dB (cars) per km2
	40738/4*25%/ 243 = 171

or 22.3 dB (cars) per km2
	8726 /4*25%/394 = 22

or 13.5 dB (cars) per km2

	Expected car density per km2
	123/ km2  (Highway) (20.9dB)

330/km2 (urban/subur) (25.2dB)

453/km2  (Urban) (26.6dB)
	123/ km2  (Highway) (20.9dB)

330/km2 (urban/subur) (25.2dB) 

453/km2  (Urban) (26.6dB)
	123/ km2  (Highway) (20.9dB)

330/km2 (urban/subur) (25.2dB)

453/km2  (Urban) (26.6dB)

	Margin in highway scenario
	+2.1 dB
	+1.4 dB
	-7.4 dB

	Margin in urban/suburban scenario
	-2.2 dB
	-2.9 dB
	-11.7 dB

	Margin in urban scenario
	-3.6 dB
	-4.3 dB
	-13.1 dB


Based on a 100% deployment of SRR, the margins for all instruments are negative for the urban/suburban and urban scenarios, and are positive for two systems for the highway scenario.

For the CMIS instrument, the margin is negative for all scenarios, up to about 13 dB.

It is to be noted that the analysis is based on the FCC emission mask that will be in operation by the year 2014. Taking into account the earlier, less stringent masks would increase the negative margin.

3.1.5.5.4 
Interference calculations for specific cross-track nadir EESS sensors

Table 9

Compatibility analysis between 24 GHz SRR and nadir sensors

	Parameter
	Push-Broom
	AMSU-A
	ATMS

	Radar e.i.r.p. density in main lobe
	-41.3 (dBm/MHz)
	-41.3 (dBm/MHz)
	-41.3 (dBm/MHz)

	Bumper attenuation
	-3dB
	-3dB
	-3dB

	Direction of interfering path
	Zenith
	Zenith
	Zenith

	Radar antenna side lobe gain to be substracted (2014 mask)
	35 dB
	35 dB
	35 dB

	Direct power component (at the zenith)
	-109.3 dBW/MHz
	-109.3 dBW/MHz
	-109.3 dBW/MHz

	Total scattered power component
	-98.8 dBW/MHz
	-98.8 dBW/MHz
	-98.8 dBW/MHz

	Total power 
	-98.4 dBW/MHz
	-98.4 dBW/MHz
	-98.4 dBW/MHz

	Resulting coupling
	24.1 dB
	24.1 dB
	24.1 dB

	Distance radar - EESS sensor
	850 km
	850 km
	850 km

	Space loss at 23.8 GHz in dB
	178.6 dB
	178.6 dB
	178.6 dB

	Atmospherical loss (ITU-R P.676)
	-1 dB
	-1 dB
	-1 dB

	EESS antenna gain in dBi
	45 dBi
	36 dBi
	31 dBi

	Power density received by the sensor from one single radar
	-233 dBW/MHz
	-242 dBW/MHz
	-247 dBW/MHz

	Corresponding received power at the EESS in a bandwidth of 200 MHz for one single radar.
	-210 dBW/200MHz
	-219 dBW/200MHz
	-224 dBW/200MHz

	EESS interference threshold in a reference bandwidth of 200 MHz: application of revised ITU-R SA 1029-1
	-166 dBW/200MHz
	-166 dBW/200MHz
	-166 dBW/200MHz

	Number of radars in order to reach the EESS threshold
	 25118 radars

(44 dB)
	199526 radars

(53 dB)
	628147 radars

(58 dB)

	Number of radars active per car
	4
	4
	4

	Size of the EESS pixel
	201 km²
	2073 km²
	4427 km²

	Maximum car density per km2 corresponding to the above number of cars in the EESS pixel
	25118 / 4 / 201 = 31

or 14.9 dB (cars) per km2
	198637 / 4 / 201 = 24

or 13.8 dB (cars) per km2
	628147/4/ 201 = 35

or 15.5 dB (cars) per km2

	Expected car density per km2
	123/ km2  (Highway) (20.9dB)

330/km2 (urban/subur) (25.2dB)

453/km2  (Urban) (27dB)
	123/ km2  (Highway) (20.9dB)

330/km2 (urban/subur) (25.2dB) 

453/km2  (Urban) (27dB)
	123/ km2  (Highway) (20.9dB)

330/km2 (urban/subur) (25.2dB)

453/km2  (Urban) (27dB)

	Margin in highway scenario
	- 6 dB
	- 7.1 dB
	- 5.4 dB

	Margin in urban/suburban scenario
	- 10.3 dB
	- 11.4 dB
	- 9.7 dB

	Margin in urban scenario
	- 12.1 dB
	- 13.2 dB
	- 11.5 dB


Based on a 100% deployment of SRR, the margin for all instruments and all car densities scenarios is heavily negative.

It is to be noted that the analysis is based on the FCC emission mask that will be in operation by the year 2014. Taking into account the earlier less stringent masks would increase the negative margin.

3.1.5.5.5
Interference calculations with a generic methodology

The generic methodology assumes that the interference assessment from SRR to EESS sensors is independent from the satellites characteristics (at the exception of the nadir angle) and can be generalised to the case of an isotropic EESS sensor antenna, using the following equation :
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Where :

n : number of SRR per unit area (km²)

P : EIRP density of a SRR (including bumper loss)

(Th : allowable interference Threshold (in K)

C : coupling factor (direct path and scattering effect)

(  : atmospheric opacity of from the surface to the satellite

( : angle of incidence of the satellite beam from nadir

( : wavelength (in m)

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

On this basis, it is hence possible to calculate the maximum number of cars per unit area (km²) to reach the EESS threshold as a function of the maximum power density, using the following assumptions :

Table 10

Assumptions to be used with the generic methodology

	
	Conically scanned
	Cross-track nadir

	P (dBW/MHz)
	Variable, including bumper loss
	Variable, including bumper loss

	(Th (K)
	0.01 K
	0.01 K

	C (dB)
	24.1 dB
	24.1 dB

	(
	0.5
	0.5

	( (°)
	55°
	0°

	( (m)
	0.0126
	0.0126

	Number of SRR per car to be considered
	1
	4
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FIGURE 12

Generic methodology results for conically scanned instruments
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FIGURE 13

Generic methodology results for cross-track nadir instruments

Figures 12 and 13 confirm the results obtained with the calculations for specific systems. It also show negative margins for SRR operating at –41.3 dBm/MHz  up to 4/5 dB for conically-scanned systems and up to 13/14 dB for cross-track nadir systems.

This generic methodology hence tend to confirm on a general basis the specific calculations but would have to be further studied and validated in particular with respect of the difference in results obtained for conically scanned systems and those obtained with the specific CMIS systems where 7/8 dB are observed, as well as for the application of the atmospheric loss.

3.1.5.6
Other aspects not considered in the sharing analysis

Although the above compatibility analysis can be used to draw conclusions on the sharing feasibility, the following factors have not been considered.

It is worth noting that each of the following effect is able to create additional negative margins, resulting into a compatibility situation even worse.

3.1.5.6.1
Scattering effects (secondary reflections and ground scattering)

It must be noted that the scattering analysis in this document does not include considerations about the additional power scattered by secondary reflections (from asphalt for example). This could add a significant interference level, in particular in the urban scenario. At this stage, given the margin levels calculated in the compatibility analysis, it is felt that the additional study effort is not required. In case it is needed, the work of ITU-R Study Group 3 could provide some guidance.

Also the ground scattering effect has not been evaluated at this stage, since the car scattering appears to be dominant. Nevertheless the ground scattering contribution can be calculated in the future if required.

3.1.5.6.2
Apportionment of the interference criteria

As already stated in § 3.1.4.2 above, since this band is exclusively allocated to the EESS (passive), interferences near the lower and upper limits of the allocated band are to be expected only due to unwanted emissions from active services allocated in the adjacent bands. The concept of “apportioning” the interference threshold among the various interferers (which are actually the adjacent services) still needs to be discussed within ITU-R.

3.1.5.6.3
Future possible developments of EESS sensors

As already stated in § 3.1.4.2 above, in line with other Recommendations providing equipment characteristics to be used in compatibility studies, Recommendations SA.1028 and SA.1029 are expected to be under continuous review. It is therefore to be expected that a future revision of Recommendation SA.1029 will have a lower threshold value for this band, as a consequence of an improved sensitivity as in Recommendation SA.1028.

A 6/7 dB tightening of the performance criteria of EESS sensors that would operate at around 2020 was reported which would hence increase the calculated negative margins as in section 3.1.4.4 above.

This would hence present up to more than 20 dB negative margin between 24 GHz SRR and EESS sensors.

3.1.5.7
Summary of compatibility studies between EESS and  24 GHz SRR

[The initial result of interference analysis using specific EESS systems characteristics or generic methodology, tends to show that a 100% deployment of SRR operating at 24 GHz is not compatible with EESS sensors, since it results in interference exceeding the EESS threshold by up to 13.2 dB. This negative margin would likely increase when taking into account future EESS developments.]

This study accounts for mitigation techniques such as improved SRR antenna side lobes above 30° of the horizontal plane (35 dB attenuation by 2014 in the FCC rules) as well as 4 active SRR per car over the 8 SRR implemented. 

Other possible mitigation techniques may be further considered in future TG1/8 meeting to assess their efficiency in improving the compatibility between EESS and 24 GHz SRR.

It has also to be noted that other factors that could increase the negative margins were not taken into account such as secondary reflections and ground scattering or the apportionment of the interference criteria.

 ________________________
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