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A1.4


Radiodetermination

A1.4.1
Meteorological radars in the band 2 700 – 2 900 MHz

A1.4.1.1
System characteristics

A1.4.1.1.1
UWB devices
Table 1 provides the full emission mask for frequencies ranging from 960 MHz to above 29 GHz for all types of UWB devices allowed. The frequency range 1 990-3 100 MHz is highlighted since this row contains the maximum UWB device EIRP (in 1 MHz ref. bandwidth) that is allowed for each type of application that applies to the band 2 700-2 900 MHz. Table 1 also identifies the text later in this document to which the characteristics apply. The first three system types, all imaging systems, use an analysis approach where the potential for interference from one device is analysed. The last three systems use an approach where aggregate interference from a number of systems is considered, and the maximum density of UWB devices that will not exceed the protection criteria is determined.

Table 1

UWB device EIRP (dBm/MHz) permitted for each type of application

	Frequency Band
	Imaging, below 960 MHz
	Imaging, Mid-Frequency
	Imaging, High Frequency
	Indoor Applications
	Hand held, including outdoor
	Vehicular radar

	
	Apply to analysis Section 3
	Apply to analysis in Section 4

	960-1 610
	–65.3
	–53.3
	–65.3
	–75.3
	–75.3
	–75.3

	1 61-1 990
	–53.3
	–53.3
	–53.3
	–53.3
	–63.3
	–61.3

	1 99-3 100
	–51.3
	–41.3
	–51.3
	–51.3
	–61.3
	–61.3

	3 10-10 600
	–51.3
	–41.3
	–41.3
	–41.3
	–41.3
	–61.3

	10 60-22 000
	–51.3
	–51.3
	–51.3
	–51.3
	–61.3
	–61.3

	22 00-29 000
	–51.3
	–51.3
	–51.3
	–51.3
	–61.3
	–41.3

	Above 29 000
	–51.3
	–51.3
	–51.3
	–51.3
	–61.3
	–51.3


In addition to the emission masks shown above, the communications UWB devices are assumed to have an omni directional antenna type. Little information is known about the antenna pattern of the imaging systems, but for that type of application, a directional antenna will most likely be used. It is assumed that the antenna half-power beam width is 45 degrees, and the back-lobe and side-lobe levels are 10 dB lower than the main beam. 

A1.4.1.1.2
Meteorological radar

Meteorological radars are designed to track particles in the atmosphere and utilize extensive processing to extract signals from received noise and mainly operate in the 2.7-2.9 GHz band and in the 5.6-5.65 GHz band. Meteorological radars detect more than just the presence of a return pulse. The processing derives data on return pulse characteristics to determine factors such as wind velocity, wind shear, turbulence and precipitation type. This processing combined with the fact that meteorological radars require more than just the detection of the presence of a return pulse at negative S/N ratios makes them very vulnerable to interference.

The technical characteristics of representative meteorological radars that operate in the 2 700-2 900 MHz band are provided in Table 2. These characteristics are taken from Recommendation ITU-R M.1464. These radars are the primary weather radar systems used for flight planning activities and are often collocated at airports worldwide, to provide accurate weather conditions for aircraft. These radars are in operation 24 hours per day. This analysis incorporates the technical characteristics of Radar G from Recommendation ITU-R M.1464.

Another important characteristic used for this study is the meteorological radar antenna pattern seen in Figure 1. This antenna pattern is consistent with the antenna characteristics of Radar G from Recommendation ITU-R M.1464found in Table 2. The antenna pattern has a 45.7 dBi peak main beam gain. As the off-axis angle increases the antenna gain decreases until a constant gain of –8.3 dBi is attained from ±35º to ±180º. The constant value of –8.3 dBi represents the average of the antenna gain determined from the maximum and minimum gain points beyond 35 degrees off-axis.

Note aeronautical surveillance radars also operate in the 2 700‑2 900 MHz band. These radars are used by aviation to monitor aircraft in the airspace in and around airports. The typical parameters and scenarios considered in this analysis do not address these radars. Therefore, the typical radar parameters and scenarios included in the analysis and the conclusions of the analysis are should not be applied to the airport surveillance radars operating in this band.

[Editors note: The above paragraph can be removed once a section on aeronautical surveillance radars has been developed and included in this document.]

Figure 1

Meteorological radar antenna pattern
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TABLE 2

Characteristics of the meteorological radar system used in the calculations

	Radar characteristics

	Frequency
	2 800 MHz

	Pulse power
	500 kW

	Antenna Main Beam Gain
	45.7

	Occupied Bandwidth
	600 kHz

	System noise figure
	2.1 dB

	Antenna pattern type
	Pencil

	Antenna scan rate
	12 to 18 degrees/s

	Antenna height
	30 m

	Antenna beam width
	0.92°

	Antenna Elevation (minimum)
	0.5°

	Polarization
	Linear horizontal

	Noise Floor
	–114 dBm

	Minimum Discernable Signal
	–115 dBm

	Interference Criterion1
	–124 dBm

	1
While the FCC Rules &Order uses an I/N of –6 dB, an I/N of –10 dB was incorporated in this analysis. The –10 dB I/N criterion is consistent with the revised Recommendation ITU-R M.1464.


A1.4.1.2
Imaging systems (1.99-10.6 GHz)

The imaging systems operating in the 1.99-10.6 GHz band are limited to use by public safety entities and are to be utilized at disaster scenes (e.g., collapsed buildings) or for training purposes. Thus, these devices will not be deployed in areas around meteorological radars unless a disaster situation occurs, for which the devices will only be used for the duration of the incident. Imaging systems will not be deployed in an area in numbers greater than one or possibly a few. The typical deployment scenario involves a single device where a trained operator for a specific task operates it.

A1.4.1.2.1

Deterministic approach
The potential for interference from a single imaging device was studied two different ways in this contribution. The first approach was a deterministic analysis where the maximum interference into the radar was calculated without consideration for the probability that all the conditions for an interference event could be met. Based on the results of the deterministic analysis, a probabilistic analysis was conducted to address the statistics associated with interference to the radar actually occurring. 

A1.4.1.2.1.1
Methodology

A deterministic approach was used to verify whether interference was possible from an UWB imaging device into a meteorological radar. An analysis area was established where the victim receiver (radar) was placed in the center and 360 radials, spaced at one degree, were established extending out from the radar. Points were then established along the radials at a 50-meter spacing out to a distance of 4 km from the radar. An example of this setup can be seen in Figure 2. The interference power from a single imaging device placed at each of these points was then calculated to determine the potential for interference from a single imaging device into the radar. 

Figure 2

Diagram showing distribution of test points for calculating UWB imaging device
(single emitter) interference into the radar


[image: image2.wmf]
The calculations for the UWB device at each of the test points were run at several UWB device heights. The results provide an indication of the particular geometries around a meteorological radar where a UWB imaging device could potentially cause interference. This approach does not address the probability that interference would occur since the statistical nature of the sharing scenario is not addressed. 

A1.4.1.2.1.2
Results of deterministic approach

The results of the deterministic calculations show that the UWB imaging device would not interfere with the meteorological radar from any location at UWB device heights of 0 and 15 meters, but that interference could occur at an unlikely UWB device height of 30 meters in some locations relative to the main beam of the radar antenna. Figures 3, 4 and 5 provide the curves for interference level at the radar for UWB device heights of 0, 15, and 30 meters, respectively. The various curves on a single plot are for an offset in azimuth between the radar main beam azimuth and the radial on which the points lie. Figure 5 shows that if the UWB imaging device lies on a point along the radial directly in line with the radar main beam, it can potentially cause interference to the radar out to a distance of 2600 meters. For a difference in azimuth of 1 degree between the radar main beam and the radial of UWB device test points, the maximum distance at which interference can occur drops to less than 200 meters. This analysis simply looks at coupling between the radar and the UWB device. It does not consider factors that would reduce the probability of interference occurring, such as the rotation of the radar antenna, height variation of the UWB device, radar antenna elevation above 0.5 degrees, and other factors.

Figure 3

Plots showing interference levels from imaging device into radar for 0 meter
imaging device height
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Figure 4

Plot showing interference levels from imaging device into radar for 15 meter
imaging device height

[image: image4.wmf]Interference Power for Imaging System (-41.3 dBm EIRP) at 15 Meters in Height, 

Using 10 dB Shielding for Indoor Operation

-190

-180

-170

-160

-150

-140

-130

-120

0

1000

2000

3000

4000

5000

6000

7000

8000

9000

10000

Horizontal Separation (meters)

Interference Power At Radar (dBm)

Protection Criteria  -124 dBm

0 Degrees

1 Degree

5 Degrees

10 Degrees

35 to 180 Degrees

Note:  The notes next to the curves indicate

the difference in azimuth between the radar

main beam and the azimuth towrads the UWB device.


Figure 5

Plot showing interference levels from imaging device into radar for 30 meter
imaging device height
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Additional calculations were then run at UWB device heights of 24, 25, 26, 27, 28 and 29 meters to determine the height threshold at which the geometry is correct to possibly produce interference. Those calculations showed that a UWB device at greater than 25 meters in height, positioned at the same azimuth as the radar main beam could cause interference. The calculations also revealed that the important parameter for determining whether interference can occur is the height difference between the radar antenna height and the UWB device height. These results can be applied to a meteorological radar of any height. Figure 6 plots the function of maximum interference distance against the height difference between the radar and the UWB imaging device, for the radial that is aligned in azimuth with the main beam of the radar antenna. The shaded area under the curve identifies the region, relative to the radar antenna, that the imaging device must operate within to cause interference to the radar. It is also worth noting that a height difference where the UWB device is greater in height than the radar can be disregarded. In order for a UWB device to be operating above the ground, it must be operated on or in a building. In order for a building to provide support above the radar height, the structure will extend into the main beam of the radar causing other operational problems.

Figure 6

A plot of distance from the radar and height difference between radar and UWB antenna where the UWB device could possibly cause interference
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In summary, the deterministic approach shows that interference could occur from an imaging device into meteorological radar. However, considering all the conditions that must be met, interference seems highly unlikely. 

In addition to the requirement that the UWB device be operating in the region shown in Figure 6, interference could only occur if all the following conditions are met:

Radar Antenna elevation at 0.5 degrees: The meteorological radar used in this analysis performs a volume scan of the atmosphere where a number of rotations of the antenna are made at elevations starting at 0.5 degrees and progressing up to 20 degrees in step sizes dependent on the selected operating mode. Any time the radar antenna is at an elevation above 0.5 degrees, the antenna discrimination is sufficient to prevent interference. Other radars such as the airport surveillance radars have different scanning patterns that would have to be addressed in a separate analysis.

UWB operating on an external outer wall: The UWB device must be operating with only an external wall providing building shielding. Placement of the UWB device interior to the building where additional walls provide shielding will provide additional isolation.

UWB Main beam directed at the radar: A UWB imaging device would most likely not have an omni directional antenna. The main beam of the UWB device would need to be directed at the radar. Side lobes and back lobes would provide additional isolation.

UWB device must be active: The nature of these devices is that they would not always be active. The device would transmit long enough to obtain the required image.

A1.4.1.2.2
Probabilistic approach - Monte Carlo simulation

Since the deterministic approach showed that with the correct geometry, and ignoring other mitigating factors, the UWB imaging devices could produce an interfere level in excess of the radar protection criteria, a simulation was set up to account for as many of the other mitigating factors as possible. This simulation took into account the other factors such as UWB device height, position within a building, and main beam orientation. The simulation also addressed the rotation and the changing elevation of the radar antenna. 

A1.4.1.2.2.1
Methodology

This analysis employs a fixed location receiver (meteorological radar) and a transmitter (UWB device) that is placed at 30 million random locations around the receiver. At each location, the power level of the UWB device, as an interferer, is calculated at the victim receiver, the meteorological radar. A level of –124 dBm represents the power at the input to the radar receiver at which the UWB device signal exceeds the interference criterion. This level is based on Recommendation ITU-R M.1464. The analysis program moves the UWB device to random locations within a radius of approximately 3 km around the meteorological radar. In addition, the UWB device operating height was randomly varied between 0 and 30 meters, and the main beam azimuth of the UWB imaging device was randomly varied. For site conditions, the building penetration loss was varied between a minimum of 10 dB for an outside wall, to 30 dB for operation interior to the building. 

Any points beyond 3 km were determined to not cause interference in any geometry, so the simulation only moved the device to points within 3 km of the radar. The radar antenna simulates practical meteorological radar operation by rotating 360º in azimuth, and changing antenna elevation for elevation cuts at 0.5, 1.5, 2.5, 3.5 and 4.5 degrees.

The propagation models used were free space and Recommendation ITU-R P.530 (Multipath). No terrain data was considered. At ranges or 3 km or less, terrain shielding will be negligible. The radar antenna height is set to the typical height of 30 meters for meteorological radars, though some deployed systems do have configurations where the antenna height could be as low as 10 meters. The program automatically accounts for the on tune rejection (OTR) correction for the difference between the UWB reference bandwidth of 1 MHz and the radar receiver bandwidth of 630 kHz. The OTR in this case is ‑2.0 dB.

The program performing the calculations using the Monte Carlo Method calculated the interference power at the radar in the following manner:



PRX = EIRPUWB + OTR - GRX - BLOSS – PLOSS - MLOSS
where,


PRX =
The power from all the UWB devices in one cell


EIRPUWB =
The EIRP of the UWB devices within a 1 MHz bandwidth


GRX =
Gain of the radar antenna in the direction of the UWB device


OTR =
On tune reject due receiver bandwidth narrower than UWB ref. Bandwidth


BLOSS =
Building attenuation


PLOSS =
Path loss


MLOSS =
Multipath Loss
A1.4.1.2.2.2
Results (Probabilistic approach)
The simulation showed that consideration of 30 million different points around the radar, produced no events where the protection criteria for the radar was exceeded. An additional factor that was not included in the simulation is the percentage of time that a UWB imaging device would actually operate within 3 km of a meteorological radar. This is difficult to quantify, but it is expected to be quite low given the typical location of meteorological radars and the anticipated manner in which imaging systems would be deployed. This factor lowers the probability of interference to an even smaller value.

A1.4.1.3
Indoor devices and handheld indoor/outdoor devices (3.1-10.6 GHz)

A1.4.1.3.1
Methodology (indoor devices and handheld indoor/outdoor devices)

The FCC R&O allows for two types of UWB devices that do not require licensing or coordination. 

The first type are transmitters that are restricted to indoor use only, using shielding provided by buildings to allow a higher EIRP. The second type of transmitter may be used indoors or outdoors, but is limited to use in devices that must be hand held. To account for the lack of structural shielding, the permitted EIRP of the hand held devices is lower than the indoor devices. The operational bandwidth of both types of devices is 3.1-10.6 GHz, however, emissions at lower levels are permitted in the band 2 700-2 900 MHz. Table 1 provides the characteristics used in the analysis for the two types of devices.

The UWB devices of the type analysed in this section can be deployed anywhere without need for coordination, and in any density. This analysis considers a deployment of UWB devices around a radar. It is worth noting that the EIRP external to a building for an indoor device with 10 dB of structural shielding is the same as the EIRP of a UWB device that is allowed to operate outside. For this analysis the two types of devices can be treated the same for calculating aggregate interference since the EIRP external to a building, where 10 dB of attenuation is applied, is the same as the EIRP of the outdoor device.

A circular analysis area is established with the radar placed in the center. The radar antenna height is set to 30 meters. The computer program randomly places UWB devices around the radar at the user-selected density. Since little information or understanding exists that can be drawn upon for determining a realistic deployment density, a range of densities were analysed. The analysis area is broken into small cells bounded by rings and radials extending out from the radar location. Refer to Figure 7 for a simple example. Though the example only shows five rings and 16 radials, the analysis program used much higher numbers.

Figure 7

Example of division of analysis area into small parts


[image: image7.wmf]
Based on the random placement of the UWB devices, the number of devices in each cell of the analysis area was determined.

To simplify the analysis, the radar antenna off-axis gain and path loss was only calculated to the center of each cell rather than to each UWB device in each cell. This approximation will be accurate as long as the cell areas remain relatively small by keeping the ring width small and the number of radials high.

Figure 8

Graphic depicting geometry of the analysis for a distribution of UWB devices around a radar
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The on-tune rejection of the radar also needs to be considered. The EIRP of the UWB signal is provided for a 1 MHz reference bandwidth. The radar IF bandwidth is 630 kHz.
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where,


BWRX = 
Radar receiver IF bandwidth


REFBWUWB = 
Reference bandwidth applied to the UWB EIRP.

The power at the radar receiver input from all the UWB devices in a single cell can be calculated.
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where,


PRX = 
The power from all the UWB devices in one cell


EIRPUWB = 
The EIRP of the UWB devices within a 1 MHz bandwidth


GRX = 
Gain of the radar antenna in the direction of the center point of the cell


OTR = 
On tune reject due receiver bandwidth narrower than UWB ref. Bandwidth


N = 
Number of randomly placed UWB transmitters in the cell


PL = 
Path Loss.

The gain of the radar, GRX, was calculated using a representative radar antenna pattern, where for any given off-axis angle, the gain can be calculated. In the aggregate case, multipath was not considered since some paths would experience signal fading while other paths would experience signal enhancement. The net effect of multipath was assumed to be negligible.

The aggregate interference power is then calculated from all the cells in the analysis area. For an analysis area of i rings and j radials the formula is written as follows:
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where,


PSUM = 
Aggregate interference from all the UWB devices in all the i x j cells


RRX = 
Power from all the UWB devices in one cell


CDUTY = 
Correction factor for UWB devices transmitting at a duty cycle less than 100%.

It should be noted in the formula above, the fact that UWB devices in practice do not transmit for 100% of the time. However, since no specific value for duty cycle is provided within the R&O, a 100% transmit time was assumed.

The calculations presented above provide the aggregate interference into a radar for a random distribution of UWB devices. The analysis was run for a range of device distributions from 1 per km2 to 10,000 per km2.
A1.4.1.3.2

Results (indoor devices and handheld indoor/outdoor devices)

Section 3.2 outlines the analysis methodology for determining compatibility between meteorological radars and Indoor UWB devices and Handheld Indoor/Outdoor UWB devices.

The methodology calculates an aggregate interference level for a randomly distributed group of UWB devices around a radar. The density of the UWB devices is varied from one device per square kilometre up to 10,000 devices per square kilometre.

The results of the analysis are shown on Figure 9. For UWB densities of 1, 5, 10, 50, 100, 500, 1 000, 5 000, 10 000 and 50 000 devices per square kilometre, ten different random distributions were studied. The curves for all ten random distributions are shown in Figure 9. It can be seen that at low densities, there is some variability in the results, but the results converge at higher densities. This would be expected as the higher densities provide a larger statistical sample where the placement of an individual device or several devices does not significantly impact the results.

Figure 9

A plot of aggregate interference power vs. active UWB device density of a random distribution of indoor or handheld indoor/outdoor UWB devices
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Figure 9 shows that a UWB device density of approximately 1 000 active UWB devices per square kilometre can potentially cause interference to a meteorological radar. Considering the locations that meteorological radars are typically installed, it does not seem realistic to expect the device density to ever exceed 1,000 per square kilometre. Therefore, this analysis indicates the current rules established in the United States are sufficient for protection of meteorological radars.

A1.4.1.4
Conclusion

In summary, the potential for interference from imaging devices is [very small]. The deterministic calculations show that certain geometries could cause interference. However, the other mitigating factors such as UWB device height variability, UWB device location within a building, UWB device activity, UWB device main beam direction, radar antenna rotation, and radar antenna elevation help to mitigate the potential for interference. The indoor and indoor/outdoor handheld devices do not result in an aggregate interference level sufficient to exceed the radar protection criteria until the active UWB device density exceeds 1 000 per square kilometre with each device operating at an EIRP of ‑61.3 dBm/MHz. This is a very high-density value when the typical meteorological radar location is considered. Therefore, UWB imaging and handheld devices that abide by the requirements, both technical and operational, of the FCC rules within the United States of America will not pose an interference problem to meteorological radars in the 2.7 – 2.9 GHz band.

The case of radars operating in the 5.6 - 5.65 GHz band still need to be considered.
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Table

				NEXRAD ANTENNA PATTERN

				Angle Off

				Boresight		Gain

				(degrees)		(dBi)

				-180		-8.3

				-175		-8.3

				-170		-8.3

				-165		-8.3

				-160		-8.3

				-155		-8.3

				-150		-8.3

				-145		-8.3

				-140		-8.3

				-135		-8.3

				-130		-8.3

				-125		-8.3

				-120		-8.3

				-115		-8.3

				-110		-8.3

				-105		-8.3

				-100		-8.3

				-95		-8.3

				-90		-8.3

				-85		-8.3

				-80		-8.3

				-75		-8.3

				-70		-8.3

				-65		-8.3

				-60		-8.3

				-55		-8.3

				-50		-8.3

				-45		-8.3

				-40		-8.3

				-35		-8.3

				-30		-7.0

				-25		-5.0

				-20		-3.0

				-15		-2.3

				-10		-1.3

				-9		-0.8

				-8		-0.3

				-7		1.7

				-6		5.2

				-5		9.2

				-4		9.7

				-3		11.2

				-2		12.7

				-1		16.2

				0		45.7

				1		16.2

				2		12.7

				3		11.2

				4		9.7

				5		9.2

				6		5.2

				7		1.7

				8		-0.3

				9		-0.8

				10		-1.3

				15		-2.3

				20		-3.0

				25		-5.0

				30		-7.0

				35		-8.3

				40		-8.3

				45		-8.3

				50		-8.3

				55		-8.3

				60		-8.3

				65		-8.3

				70		-8.3

				75		-8.3

				80		-8.3

				85		-8.3

				90		-8.3

				95		-8.3

				100		-8.3

				105		-8.3

				110		-8.3

				115		-8.3

				120		-8.3

				125		-8.3

				130		-8.3

				135		-8.3

				140		-8.3

				145		-8.3

				150		-8.3

				155		-8.3

				160		-8.3

				165		-8.3

				170		-8.3

				175		-8.3

				180		-8.3
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