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Summary

TBD.

The ITU Radiocommunication Assembly,

considering

a)
that in accordance with the Radio Regulations, the band 960-1 215 MHz is allocated on a primary basis to the aeronautical-radionavigation service in all the ITU Regions;
b)
that WRC-2000 introduced a co-primary allocation for the radionavigation-satellite service (space-to-Earth) in the frequency band 1 164-1 215 MHz (subject to the conditions specified under S5.328A), with a provisional limit on the aggregate power flux-density produced by all the space stations within all radionavigation-satellite systems at the Earth's surface of (115 dB(W/m2) in any 1 MHz band for all angles of arrival;
c)
that analyses show that RNSS signals in the 1 164-1 215 MHz band can be designed to not cause interference to the DME/TACAN ARNS receivers operating in this band;
d)
that the aeronautical radionavigation service is a safety service in accordance with provision S1.59 and special measures need to be taken by administrations to protect these services in accordance with provision S4.10,

recommends

1
that the methodology in Annex 1 should be used to determine pfd levels that protect DME aircraft receivers from aggregate RNSS (space‑to‑Earth) emissions in the band 1 164‑1 215 MHz;

2
that the methodology in Annex 2 should be used to assess whether the aggregate pfd level from recommends 1 is met.

ANNEX 1
Methodology to determine pfd levels that protect DMES from 
aggregate RNSS emissions in the band 1 164-1 215 MHz

1
Aggregate protection criterion determination 

[replace by the definition of epfd if the epfd concept is accepted]

This annex addresses aggregate pfd levels at the Earth's surface of all space-based RNSS emissions in the band 1 164-1 215 MHz, whether space-to-Earth or space-to‑space RNSS. While Resolution 605 requests study of RNSS (space-to Earth), the provisional aggregate pfd limit in footnote S5.328A is not limited to any specific direction.

Received signal powers are typically calculated by link analysis equations, considering the average power (other cases - maximum power) that is emitted by the transmitter to the received signal power that is received at the antenna and is dependant on the received antenna characteristics. However, the power flux‑density is independent of carrier frequency and is a function of spreading loss over the slant range d. This is sometimes called path loss. For single RNSS system the pfd equation is:



pfd = (e.i.r.p.)/(4(d2) (W/m2)
(1)

Translating equation (1) into dB's (where distance, d, is in metres):



pfd = 10log (e.i.r.p.) ( 10log (4(d2) dB(W/m2)
(2)

No. S5.328A indicates that the provisional pfd limit is (115 dBW/m2 in a 1 MHz bandwidth, and is to represent an aggregate of all RNSS systems operating between 1 164-1 215 MHz. 

The aggregate pfd power from all satellites visible to the ARNS station(s) is determined using the following equation: 
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where:


i:
1 of M satellites being considered in the interference calculation for the kth ARNS receiver


Ei:
maximum e.i.r.p. density per reference bandwidth input to the antenna for the ith RNSS downlink beam


di:
slant range in metres.

The parameters in Table 1 identify the aggregate pfd levels at which DME ARNS equipment will be protected from RNSS (space‑to‑Earth) emissions in the 1 164-1 215 MHz band.

TABLE 1

Aggregate interference pfd limit to protect DME interrogator/receiver from RNSS

	
	Parameter
	Value
	Reference

	1
	DME RNSS interference threshold (at antenna port) in the DME receiver bandwidth (650 kHz)
	(130.9 dBW 


	Note 1

Reference bandwidth 650 kHz

	2
	Effective DME/TACAN antenna gain towards RNSS constellations including polarization mismatch
	–1.5 dBi
	Note 2:

(0.5 dBi antenna gain –2 dB polarization mismatch)

	3
	Effective area of 0 dBi antenna at 1 176 MHz
	(22.9 dB/m2
	

	4
	Aggregate interference in DME BW
	(106.5 dB(W/m2/
650 kHz)
	Combine 1, 2 and 3
(1 minus 2 minus 3)

	5
	10 log (1 MHz/DME BW) 
	1.9 dB
	Conversion of 650 kHz to 
1 MHz

	6
	Aggregate interference in 1 MHz
	(104.6 dB(W/m2/MHz)
	Combine, 4 and 5
(4 plus 5)

	7
	Safety margin
	6 dB
	ITU

	8
	Apportionment of RNSS interference to all the interference sources
	6 dB
	Apportion 25 % of total permissible interference to RNSS

	9
	Aggregate RNSS (s-E) interference limit at antenna surface
	(116.6 dB(W/m2/MHz)
	[Note 3] 
Combine 6, 7 and 8
(6 minus 7 minus 8)

	NOTE 1 - This value is based on a –129 dBW CW interference threshold limit specified in RTCA MOPS – DO 189 2.2.16 modified by minus 1.9 dB representing the difference of the impact of CW and RNSS signals on DME performance (see section 1.1 below).

NOTE 2 – DME antenna gain is 0.5 dBi; polarization mismatch is minus 2 dB (see section 1.2 below). 

[NOTE 3 (guidance for the next 8D meeting): If accepted, the proposal for an epfd or (isotropic) epfd limit instead of pfd will implies slight modifications:

(
modification of the first page of Annex 1 (definition of epfd or (isotropic) epfd see section 1 of Annex 1B first proposal);

(
modification of Table 1: rows 2(maximum Beech Baron antenna gain taking into account the polarization mismatch) and 9 (epfd limit necessary to protect ARNS);

(
deletion of sections 1.2 and 1.4;

(
new section in Annex 1A with the worst DME/TACAN antenna pattern (Beech Baron) to be used when calculating epfd or (isotropic) epfd (see Appendix 1 of Annex 2 first proposal which correspond to the antenna in section 1.2.3);

(
combination between the three proposed Annexes 2.]


1.1
Comparison between the impact of CW interference type of signal and RNSS type of interference signal on DME/TACAN on-board receivers

1.1.1
Susceptibility of DME receivers from interference by RNSS signals (spread spectrum signals)

Ground DME transponder signals of peak value –83 dBm were set as the wanted signal at the different DME interrogator/receivers.

The total power of the narrow (Figure 1) or wideband (Figure 2) interference source was measured within a bandwidth of 650 kHz, and the variation in performance of a DME between CW signals and the RNSS signals was determined for a number of different DME designs and a number of DMEs of the same type. These DMEs were of type designed for large commercial airline and smaller commercial aviation aircraft.

The shape of the interference signals used in the tests is given in Figure 1 and Figure 2.

For Figure 1, the interference source was generated from a RNSS signal simulator that produced the exact signal structure and frequency signal of an existing RNSS system. This 1.023 Mega chip per second (Mcps) pseudo-random CDMA transmission was translated in frequency to the relevant DME receive frequency under test. The range of interfering RNSS narrow-band signals (measured in 650 KHz) applied to DMEs was –83 to -94 dBm.

For Figure 2, the interference source was generated from digital signal generator, that produced a 10.023 Mcps pseudo-random CDMA emission similar to that proposed by the RNSS in the band 1 164-1 215 MHz. The signal was applied directly to the relevant receive DME under test. The range of interfering RNSS wideband signals (measured in 650 KHz) applied to DMEs was –81 to (93 dBm.

[image: image2.wmf]
FIGURE 1
Example of RNSS narrow-band signal

[image: image3.wmf]
FIGURE 2
Example of RNSS wideband signal

1.1.2
CW RNSS measurement results

DME showed 1.9 dB (in 650 kHz) more susceptibility to RNSS emissions than to CW interferences emissions. Measurement variation of about (1 dB was noted, as was a performance variation of about (3 dB between the different DMEs.

1.2
Effective DME/TACAN antenna gain towards RNSS constellations 

[This section will be modified in the case that the epfd concept is accepted]

1.2.1
Determination of the effective DME/TACAN antenna gain towards RNSS constellations 

When an antenna receives power, within its reference bandwidth, simultaneously from transmitters at various distances, in various directions and at various levels of incident power flux-density, the (isotropic) epfd is that power flux-density which, if received from a single transmitter in the far field of the antenna in the direction of 0 dBi gain, would produce the same power at the input of the receiver as is actually received from the aggregate of the various transmitters.

The instantaneous (isotropic) equivalent power flux density is calculated using the following formula:
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(4)

with:



Nsat: 
is the number of satellites that are visible from a DME interrogator


i: 
is the index of the satellite considered


Pi: 
is the RF power at the antenna input of the transmitting satellite considered in dB(W/MHz) in the DME receiver bandwidth


Gt((i): 
is the transmit antenna gain of the satellite considered in the direction of the DME interrogator receiver


Gr((i):
is the receive antenna gain of the DME interrogator receiver in the direction of the satellite considered


di: 
is the distance in metres between the satellite considered and the DME interrogator receiver
In a first approximation, the RNSS pfd level 
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 is assumed constant therefore
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and
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= Effective DME/TACAN antenna gain towards RNSS constellations + pfd (aggregate RNSS interference limit at antenna surface)
The Effective DME/TACAN antenna gain towards RNSS constellations is therefore:
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For a RNSS signal with circular polarization, a polarization mismatch must be taken into account (see section 2.2.2).

1.2.2 
Circular polarization isolation towards DME antenna

[image: image10.png]Vertical plan

Horisantal plan





Figure 3

Circular polarization representation with E1=E2=1

Taking E1 in the Vertical Plan of the DME interrogator and E2 in the Horizontal Plan, then the RNSS power after the DME antenna is:
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The Effective DME/TACAN antenna gain towards RNSS constellations including polarization mismatch is now therefore:
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(5)
where:


GrVP 
is the absolute gain in the Vertical Polarization


GrHP 
is the absolute gain in the Horizontal Polarization

Therefore a linear vertically polarized DME antenna should receive (3 dB of the total circularly polarized RNSS signal. However, RNSS emissions are observed in the side lobes, not the main beam of a DME antenna, where polarization mismatch is less certain. As an example, Appendix S8 section 2.2.3 of the ITU Radio Regulations gives factors that are to be used in the consideration of polarization mismatch for GSO versus FSS. The isolation of right or left handed circularly polarized signal towards linearly polarized antenna is given (1.46 dB. Some recent measurements on aircraft DME have indicated a value of ‑2.5 dB, while other experience of aircraft polarization mismatch has observed factors of 0 dB. It was therefore considered practical to assume a polarization mismatch of –2 dB, for RNSS circularly polarized signals to a DME antenna. This value should therefore be added to the effective antenna gain determined by modelling RNSS constellation against DME antenna patterns.

1.2.3
DME radiated antenna patterns characteristics

DME antenna characteristics based on available antenna elevation patterns in the nose to tail and wing to wing direction were combined for use in the determination of the effective antenna gain. The following method was used to determine the antenna gain in other than the nose to tail and wing to wing directions, for the simulation of RNSS satellite movement versus DME antenna.
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The following figures represent models of DME antennas patterns used in the simulation, [those radiated patterns will be kept in case of epfd concept].
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Antenna 1 corresponds to Grumman gulfstream

Antenna 2 corresponds to Beech B-99

Antenna 3 corresponds to Beech Baron

Antenna 4 corresponds to Lear jet

1.2.4
Simulation

The following RNSS constellation parameters were used in the analysis of effective antenna gain.

RNSS constellation characteristics

RNSS constellation

Number of satellites: 30
Number of orbit planes: 3
Inclination: 56°
Altitude: 23 595 km 

RNSS constellation

Number of satellites: 24
Number of orbit planes: 6
Inclination: 55°
Altitude: 20 200 km 
The simulation has the following steps:

–
The DME on-board receiver is placed virtually at 40 000 ft (worst case) (except small propeller aircraft DME antenna pattern 20 000 ft) with a longitude of 0° and a latitude 0°.

–
The RNSS constellation is simulated during 10 days with a step of 5 minutes. At each steps Y is calculated.

–
The previous steps are repeated changing only the latitude (+10°) of the DME interrogator until the latitude equals 90°.

–
The previous steps are repeated changing only the longitude (+20°) of the DME interrogator until the longitude equals 360°.

(
The result is a plot giving the statistic of Effective DME/TACAN antenna gain towards RNSS constellations including polarization mismatch.
1.2.5
Simulation results

The results of simulations of RNSS constellations against a variety of aircraft, ranging from small commercial aircraft to larger aircraft are shown below. All aircraft were analysed at an altitude of 40 000 ft, except the small propeller based commercial which was limited in its performance to 20 000 ft.

	Large jet A
	Turbo prop Aircraft
	Small Propeller
	Large jet B

	w2w
	N2t
	avg
	w2w
	n2t
	avg
	w2w
	n2t
	avg
	w2w
	n2t
	avg

	(0.65
	(2.81
	1.66 dBi
	1.84
	2.26
	2.07
dBi
	0.26
	0.77
	0.5
dBi
	1.54
	1.86
	1.74
dBi


w2w=wing to wing


n2T=Nose to Tail

The worst-case effective antenna gain chosen was 0.5 dBi that of the smaller aircraft, placed at 20 000 ft.

With a polarization mismatch of 2 dB factor, the resultant effective DME/TACAN antenna gain towards RNSS constellations including polarization mismatch factor is –1.5 dBi.

1.3
Apportionment of the DME aggregate interference limit to RNSS

The chosen factor of 6 dB for the apportionment of the aggregate interference limit, from all other interference sources to the RNSS aggregate interference limit, recognizes that there exists the possibility of interference from the spurious and out-of-band emissions of other airborne ARNS and AMSS systems and also from the bands adjacent to the ARNS. The onboard ARNS systems include multiple Secondary Surveillance Radar transponders (SSR), multiple Airborne Traffic Collision Alert transponders (ACAS) and other DME interrogator/receivers, onboard Satellite terminals in the AMSS also operate. Adjacent band sources of interference are high-powered Radiolocation Service radar operating just above 1 215 MHz and Broadcast service transmitters operating below 960 MHz. State systems working under non-interference and no protection basis exist and do operate in this band and need to be taken account of.

1.4 
Comparison of the permissible interferences calculated by using simulation results of epfd vs. pfd [will be deleted in case of epfd concept]
Figure 4 shows the epfd and pfd results of simulations with the small propeller aircraft DME antenna pattern (taken from the Beech Baron which gives the worse case). The calculation is from a Galileo-like RNSS satellite system down to the airplane that is located above the equator at 20 000 feet. A typical constellation of 27 satellites and its parameters were assumed for these calculations. The maximum pfd per satellite was assumed to be –129.7 dB(W/m2/MHz) and both the satellite and aircraft antenna pattern that were used can be found in input Document 8D/189. The results show that the maximum epfd is reached at 0.3% of the time. 
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Figure 4

epfd and pfd probability distributions

Tables 2 and 3 show the permissible interference calculated by using epfd and pfd respectively. The small difference between the margins of 0.27 dB shows that the above pfd methodology is quite accurate and therefore verifies this methodology. The parameters for the effective antenna gain; safety factor and the interference apportionment values were taken from the reference below. It should be noted that verifying the accuracy of the methodology is independent of the safety factor and the interference apportionment used in Tables 1 and 2. The permissible pfd in this case was found to be (116.47 dB(W/m2/MHz).

Table 2

Permissible interference allowance using epfd

	DME/RNSS interference threshold in 650 kHz receiver bandwidth 
	
	(129 - T
	dBW/650 kHz

	For T = 1.9 dB*
	
	
	(130.9
	dBW/650 kHz

	Conversion to 1 MHz
	
	
	1.9
	dB

	For safety factor, 6 dB*
	
	
	(6.0
	dB

	Apportionment of total interference sources X = (6 dB*
	
	
	(6.0
	dB

	Interference limit at receiver input 
	
	
	(141.0
	dBW/MHz

	Polarization mismatch, (2 dB*
	
	
	2.0
	dB

	10 × log (Area of Omni antenna ((2/4()) at 1 200 MHz
	(23.0
	dBm2
	
	

	Peak gain of aircraft antenna
	7.0
	dBi
	
	

	10 × log (Area of aircraft antenna)
	(16.0
	dBm2
	16.0
	dB/m2

	epfd limit at antenna input 
	
	
	(123.0
	dBW/m2/MHz

	Achieved epfd (from simulation) 
	
	
	(126.1
	dBW/m2/MHz

	Margin 
	
	
	3.1
	dB


TABLE 3

Permissible interference allowance using pfd

	DME/RNSS interference threshold in 650 kHz receiver bandwidth 
	(130.90
	dBW/650 kHz

	Effective antenna gain ("Y" without pol. mismatch),+0.5 dB*
	
	(0.5
	dBi

	Polarization mismatch, (2 dB*
	
	2
	dB

	Effective area of 0 dBi antenna at 1 200 MHz ((23.03 dBm2)
	
	23.03
	dB/m2

	Aggregate interference in DME bandwidth
	
	(106.37
	dBW/m2/650 kHz

	Conversion to 1 MHz
	
	1.90
	dB

	Aggregate interference in 1 MHz
	
	(104.47
	dBW/m2/MHz

	For safety margin (+6 dB)*
	
	(6.00
	dB

	Apportionment of RNSS interference to all interference sources*
	(6.00
	dB

	Interference flux limit at antenna input 
	
	(116.47
	dBW/m2/MHz

	Achieved pfd 
	
	(119.30
	dBW/m2/MHz

	Margin
	
	2.83
	dB


ANNEX 2

[NOTE - This Annex 2 will be a combination of Annexes 2-1, 2-2, 2-3 with the following structure:

(
A main part which explains the method to derive aggregate epfd or pfd for all RNSS co-sharing RNSS systems from the aggregate epfd or pfd for each co-sharing RNSS systems.

(
In appendix the possible methods to derive the aggregate epfd or pfd for each co-sharing RNSS systems.]

[NOTE - For the second and third proposal (Annexes 2-2 and 2-3) some concerns were raised for the next meeting:

(
if epfd concept is retained to adapt the methodology to the epfd concept;

(
to take into account the maximum number of satellite in visibility instead of average;

(
the visible area needs to be from an elevation angle of–3.5° instead of 0°;

(
propose a method to determine the value of K (third proposal);

(
verify the assumption: all satellites are independent (second proposal);

(
verify the assumption: "For uniformly random constellation positions, we have, based on the law of large numbers, a normal distribution for the aggregate gain GA" (third proposal).]

ANNEX 2-1 [first proposal]

Method for calculating the aggregate epfd from all RNSS satellites of 
all RNSS systems operating in the same frequency band, which 
are visible from a given point at a certain altitude

The method consists in two steps:

(
The epfd distribution function determination for each co-sharing RNSS systems.

(
The aggregate epfd for all co-sharing RNSS systems determination based on the previous epfd distribution functions. 

1
Method for calculating the aggregate epfd from satellites of one RNSS system, which are visible from a given point at a certain altitude

The method set out below is for determining the epfd from satellites in a non-geostationary system and geostationary system operating in the same frequency band that are visible from a given point at a certain altitude.

1.1
Definition of epfd: equivalent power flux-density

The definition is based upon Article S22.5C as adopted at WRC-2000.
When an antenna receives power, within its reference bandwidth, simultaneously from transmitters at various distances, in various directions and at various levels of incident power flux-density, the epfd is that power flux-density which, if received from a single transmitter in the far field of the antenna in the direction of maximum gain, would produce the same power at the input of the receiver as is actually received from the aggregate of the various transmitters.

The instantaneous equivalent power flux-density is calculated using the following formula: 
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where:


Na:
is the number of non-GSO space stations that are visible from the receiver


i:
is the index of the non-GSO space station considered


Pi:
is the RF power of the unwanted emission at the input of the antenna (or RF radiated power in the case of an active antenna) of the transmitting space station considered in the non-GSO system in dBW per MHz


 i:
is the off-axis angle between the boresight of the transmitting space station considered in the non-GSO system and the direction of the receiver


Gt(i):
is the transmit antenna gain (as a ratio) of the space station considered in the non‑GSO system in the direction of the receiver


di:
is the distance in metres between the transmitting station considered in the non‑GSO system and the receiver


i:
is the off-axis angle between the pointing direction of the receiver and the direction of the transmitting space station considered in the non-GSO system


Gri):
is the receive antenna gain (as a ratio) of the receiver, in the direction of the transmitting space station considered in the non-GSO system (see Annex 2)


Gr,max: 
is the maximum gain (as a ratio) of the receiver

epfd: 
is the instantaneous equivalent power flux-density in dB(W/m2/MHz) in the 1 MHz at the receiver

NOTE 1 - It is assumed that each transmitter is located in the far field of the receiver (that is, at a distance greater than 2D2/λ, where D is the effective diameter of the receiver antenna and λ is the observing wavelength). In the case under consideration this will always be satisfied.

1.2
epfd distribution function for non-GSO satellites constellation using a circular orbit

The method for calculating the epfd from satellites in a non geostationary system using circular orbit consist in determining the position of each satellite in its orbit as a time variation as well as the position of the visible arc in each orbit as a time variation. Having those two elements, it is possible to determine the number of satellites which are visible with an elevation angle above a certain value, and therefore the number N(el) of satellites in view for each 1° of elevation of the visible area. If we suppose that the satellite pfd(el) level is dependant to the elevation as well as the ARNS antenna gain Gr(el), the epfd produced by all satellite of one non-GSO system can be derived from N(el),Gr(el) and pfd(el).
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(1)

From this equation, the epfd distribution function can be determined using the method in Appendix 1 to annex 1B or by a constellation simulation.

1.3
epfd distribution function for GSO satellites systems

In this case the epfd will not be dependent on the time variable. The distribution will be therefore a dirac function. However the dirac value will depend on the observer latitude and longitude. In order to have only a latitude function as in the non-GSO case, the worst longitude for each latitude will be retained to compute the epfd.  
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where:


Long:
Observer longitude 

The following equation will be useful to determine, for a latitude the worst-longitude case.
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where:


Rorbit: 
RE+36 000 km


(Long:
the difference of longitude between the GSO satellite longitude and the observer longitude

1.4
For other cases: elliptical orbit …

Constellation simulations could be used in these cases to determine the epfd distribution for each observer latitude.

2
Method for calculating the aggregate epfd from satellites of all RNSS systems operating in the same frequency band, which are visible from a given point at a certain altitude (at a given observer latitude)

If we accept the assumption that satellite RNSS systems are independent to each other, the aggregate epfd for all RNSS systems distribution function is determined as the convolution of each RNSS systems epfd distribution functions:
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From those distribution functions (one to each latitude from 0 to 90°), cumulative distribution functions can be derived CDF(lat). Those cumulative functions are not above the limit of 
–116.6-1.5-1.69 = (119.8 dB(W/m2/MHz) for more than 1% of time at the worst-case location
.

APPENDIX 1 

(to Annex 2)

Model of ARNS antenna pattern to be used on epfd calculations 
(Beech Baron aircraft)

The following table provides the antenna gain for each elevation between –3 ° and 90°. –3.5° corresponds to the minimum elevation for an aircraft at 40 000 feet. For value between two values of the table a linear interpolation should be used. Only Gr in dB is needed for epfd calculation.

	Elevation angle in °
	Antenna gain including polarization mismatch
	Elevation angle in °
	Antenna gain including polarization mismatch
	Elevation angle in °
	Antenna gain including polarization mismatch

	
	In dBi
	Gr/Grmax in dB
	
	In dBi
	Gr/Grmax in dB
	
	In dBi
	Gr/Grmax in dB

	(3 (Grmax)
	1.69
	0
	37
	–8.37
	–10.06
	77
	–19.37
	–21.06

	(2
	1.45
	–0.24
	38
	–8.39
	–10.08
	78
	–19.65
	–21.34

	(1
	1.21
	–0.48
	39
	–8.39
	–10.08
	79
	–19.90
	–21.59

	0
	0.97
	–0.72
	40
	–8.38
	–10.07
	80
	–20.12
	–21.81

	1
	0.55
	–1.14
	41
	–8.6
	–10.29
	81
	–20.03
	–21.72

	2
	0.14
	–1.55
	42
	–8.8
	–10.49
	82
	–19.94
	–21.63

	3
	–0.25
	–1.94
	43
	–8.98
	–10.67
	83
	–19.84
	–21.53

	4
	–0.77
	–2.46
	44
	–9.14
	–10.83
	84
	–19.72
	–21.41

	5
	–1.28
	–2.97
	45
	–9.29
	–10.98
	85
	–19.60
	–21.29

	6
	–1.79
	–3.48
	46
	–9.42
	–11.11
	86
	–19.47
	–21.16

	7
	–2.3
	–3.99
	47
	–9.54
	–11.23
	87
	–19.32
	–21.01

	8
	–2.81
	–4.5
	48
	–9.64
	–11.33
	88
	–19.17
	–20.86

	9
	–3.31
	–5
	49
	–9.73
	–11.42
	89
	–19
	–20.69

	10
	–3.81
	–5.5
	50
	–9.81
	–11.5
	90
	–18.81
	–20.5

	11
	–4.18
	–5.87
	51
	–10.16
	–11.85
	
	
	

	12
	–4.53
	–6.22
	52
	–10.49
	–12.18
	
	
	

	13
	–4.88
	–6.57
	53
	–10.81
	–12.5
	
	
	

	14
	–5.22
	–6.91
	54
	–11.11
	–12.8
	
	
	

	15
	–5.56
	–7.25
	55
	–11.38
	–13.07
	
	
	

	16
	–5.89
	–7.58
	56
	–11.64
	–13.33
	
	
	

	17
	–6.21
	–7.9
	57
	–11.87
	–13.56
	
	
	

	18
	–6.52
	–8.21
	58
	–12.08
	–13.77
	
	
	

	19
	–6.82
	–8.51
	59
	–12.26
	–13.95
	
	
	

	20
	–7.12
	–8.81
	60
	–12.42
	–14.11
	
	
	

	21
	–7.21
	–8.9
	61
	–12.88
	–14.57
	
	
	

	22
	–7.31
	–9
	62
	–13.34
	–15.03
	
	
	

	23
	–7.40
	–9.09
	63
	–13.78
	–15.47
	
	
	

	24
	–7.49
	–9.18
	64
	–14.22
	–15.91
	
	
	

	25
	–7.58
	–9.27
	65
	–14.65
	–16.34
	
	
	

	26
	–7.66
	–9.35
	66
	–15.07
	–16.76
	
	
	

	27
	–7.74
	–9.43
	67
	–15.48
	–17.17
	
	
	

	28
	–7.81
	–9.5
	68
	–15.89
	–17.58
	
	
	

	29
	–7.90
	–9.59
	69
	–16.28
	–17.97
	
	
	

	30
	–7.96
	–9.65
	70
	–16.67
	–18.36
	
	
	

	31
	–8.04
	–9.73
	71
	–17.14
	–18.83
	
	
	

	32
	–8.12
	–9.81
	72
	–17.59
	–19.28
	
	
	

	33
	–8.19
	–9.88
	73
	–18
	–19.69
	
	
	

	34
	–8.25
	–9.94
	74
	–18.39
	–20.08
	
	
	

	35
	–8.3
	–9.99
	75
	–18.75
	–20.44
	
	
	

	36
	–8.34
	–10.03
	76
	–19.07
	–20.76
	
	
	


The following figure represents the antenna pattern:
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Appendix 2 

(to Annex 2)
Example method for calculating the epfd distribution 
function of a non-GSO RNSS constellation

For sections 1 to 2.5 a constellation composed of M orbits planes with N satellites by orbit and uniformly distributed is considered. 

1
Required non-GSO constellation parameters

To compute the distribution of epfd(t) of one RNSS satellites constellation, the administration must provide the following characteristics:


Pfd(el): 
pfd of one satellite function of the elevation angle


M: 
the number of orbit planes


N: 
the number of satellites by orbit planes


Hsat: 
satellites altitude


i : 
orbit inclination

2
Time dependent visible arc location

The aim of this section is to derive an equation, which will permit to calculate during a certain time, the visible arc location in the orbit number m of M orbits. The visible arc is defined by a minimum elevation angle elmin.

The orbit portion, which is visible from a given point with an elevation angle above a certain value elmin can be fully characterized by equations 2 and 3 derived from equation 5. Equation 5 provides the relation between the minimum elevation angle, the visible arc and the angle between the orbital plane and the "Earth centre-observer" direction.
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where:


elmin: 
minimum elevation, which defines the visible arc


(: 
half of the visible arc



k: 
orbit radius/(Earth + observer altitude) 


(lm(t):
 angle between the orbital plane m and the "Earth centre-observer" direction. Due to the Earth rotation with a temporal period Ep, (l is a time dependent function as follow: 
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with: 


lat: 
observer latitude


t: 
time 


Ep: 
Earth rotation period (23 h, 56 min and 4.09 s)


M: 
number of orbits


m: 
satellite orbit number m among M orbit (1 to M)


i: 
orbit inclination
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Figure 1

Taking, (x,y) the coordinates of A’: the projection in the orbital plane m of the observer point A (see Figure 2), 
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the angle (m, which is the angle between the ascending node and A’ can be determined by means of the expression:
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Figure 2
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where:
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3
Satellite location on the orbit as a time variation function 

The aim of this section is to determine the location of satellite number n of orbit m during a time period.

The satellite location on the orbit is determined by means of the expression:
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where:


N: 
number of satellites by orbits


n: 
satellite number n among N satellites (1 to N) of the orbit m among M orbits


Sp: 
the satellite rotation period (9.952004586e-3*(6378.14+satellite altitude)^1.5)
4
Number of satellites with an elevation between el-0.5° and el +0.5° (at a given observer latitude)

The condition condn,m to have a satellite in view with an elevation between el-0.5 and el+0.5 can be determined using equations 6, 7 and 8 by the expression:
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Condn,m(t)=1 when
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Condn,m(t)=0 otherwise

where:


(n,m1(t): 
time variation of the half visible arc corresponding to a minimum elevation el-0.5


(n,m2(t): 
time variation of the half visible arc corresponding to a minimum elevation el+0.5

Applying equation 9 to each satellite (n,m) of a RNSS satellites constellation it is possible to determine the number (N(el,t)) of satellites visible between two elevations (el1=el-0.5 and el2=el+0.5 with low differences here 1°) in function of the time:
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5
epfd from satellites in visibility (at a given observer latitude)

It is therefore possible from equation 10 to derive the power received by an ARNS receiver from satellites of a constellation as follows:
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where:


pfd(el): 
the pfd from a RNSS satellite seen with an elevation angle el


Gr(el): 
the ARNS antenna gain for an elevation el

epfd(t) is a random variable which has a distribution function. To each observer latitude corresponds a different distribution function dist(lat).

APPENDIX 3 

(to Annex 1)

Example of the calculation of the aggregate epfd produced 
by two non-GSO and one GSO RNSS systems

In this example, three RNSS systems are planned to use the frequency range 1 164-1 215 MHz co‑frequency. The main characteristics of the systems are shown in Tables 1 and 2. Only, one latitude (47°) will be considered here. The same computation has to be performed for latitude from 0 to 90°.

Table 1
Non-GSO Parameters

	Non-GSO Parameters
	Conventional symbol
	Value system
 1
	Value system 
2

	Altitude of orbit (km)
	Hsat
	23 595
	20 200

	Number of satellites by orbit plane
	N
	10
	4

	Number of orbit plane
	M
	3
	6

	Inclination (in °)
	I
	56
	55

	Pfd (el) 
	Pfd (el)
	See Table 3
	See Table 3


Table 2 

GSO Parameters

	GSO Parameters
	Conventional symbol
	Value GSO satellite 1
	Value GSO satellite 2

	Satellite Longitude (in°)
	Long
	0 E
	20 E

	Pfd (el)
	
	See Table 3
	See Table 3


Table 3 

Levels of pfd produced by a single satellite at the Earth's surface

	θ, degrees
	d, km
non-GSO system 1
	d, km
non-GSO system 2
	D, km
GSO system 
	G(δ), dB
	pfd, dBW/m2 in any 1 MHz band, per satellite
non-GSO: system 1
	pfd, dBW/m2 in any 1 MHz band, per satellite
non-GSO: system 2
	pfd, dBW/m2 in any 1 MHz band, per satellite
GSO system: one satellite

	–3.5
	29 679
	26 194
	42 287
	10.0
	–129.53
	–136.35
	–135.49

	0
	29 287
	25 801
	41 895
	10.0
	– 129.41
	–136.22
	–135.41

	5
	28 736
	25 252
	41 343
	10.0
	–129.25
	–136.03
	–135.30

	10
	28 200
	24 718
	40 803
	10.0
	–129.08
	–135.85
	–135.18

	15
	27 682
	24 203
	40 277
	10.0
	–128.92
	–135.67
	–135.07

	20
	27 186
	23 712
	39 771
	10.0
	–128.77
	–135.49
	–134.96

	25
	26 715
	23 246
	39 287
	9.9
	–128.71
	–135.42
	–134.95

	30
	26 271
	22 809
	38 828
	9.9
	–128.57
	–135.25
	–134.85

	35
	25 856
	22 401
	38 396
	9.8
	–128.53
	–135.19
	–134.85

	40
	25 472
	22 025
	37 996
	9.6
	–128.60
	–135.25
	–134.96

	45
	25 122
	21 683
	37 627
	9.4
	–128.68
	–135.31
	–135.08

	50
	24 805
	21 374
	37 293
	9.1
	–128.87
	–135.49
	–135.30

	55
	24 524
	21 100
	36 995
	8.8
	–129.07
	–135.67
	–135.53

	60
	24 279
	20 862
	36 734
	8.5
	–129.28
	–135.88
	–135.77

	65
	24 071
	20 661
	36 512
	8.1
	–129.61
	–136.19
	–136.12

	70
	23 900
	20 495
	36 328
	7.8
	–129.85
	–136.42
	–136.37

	75
	2.3 767
	20 366
	36 185
	7.5
	–130.10
	–136.67
	–136.64

	80
	23 671
	20 274
	36 082
	7.2
	–130.36
	–136.93
	–136.91

	85
	23 614
	20 218
	36 021
	7.1
	–130.44
	–137.00
	–137.00

	90
	23 595
	20 200
	36 000
	7.0
	–130.54
	–137.10
	–137.10


1
Visible arc position on the orbit m as a time dependent function

Only an example of one orbit of system 1 is presented below.
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2
Satellite location on the orbit as a time variation function

The following figure gives an example of when a satellite is visible with an elevation between –3.5 and 30 ° when the observer is at latitude 47° (with non-GSO system 1). This can be performed with two elevations difference of 1°.
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3
Number of satellites visible above –3.5°, 30° for non-GSO system 1 

The following figures present on one hand, the number of satellites visible above an elevation angle of –3.5° and on the other hand the number of satellites visible above an elevation angle of 30°. 
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4
epfd distribution for system 1 (observer at latitude 47°) 

Time representation result
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5
epfd distribution for system 2 (observer at latitude 47°) 

Distribution function
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6
epfd distribution for the GSO system

Using equation 1 the elevation can be determined as a function of the observer longitude when the latitude is 47°:
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this provides directly the epfd as follow:
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Distribution function

The worst epfd is –133 dB(W/m2/MHz).
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7
aggregate of all RNSS systems epfd distribution

The aggregate epfd for all RNSS systems distribution to be compared to the limit of –119.8 dB(W/m2/MHz) is obtained by the convolution of the 3 previous distributions (see sections 4, 5 and 7).

[image: image52.wmf]-125.5

-125

-124.5

-124

-123.5

-123

-122.5

-122

-121.5

-121

-120.5

0

10

20

30

40

50

60

70

80

90

100

epfd distribution

NGSO system 1+NGSO system 2+GSO system

Number of occurrences

epfd in dBW/m2/MHz


The cumulative distribution function is presented below and the aggregate epfd level corresponds to 1% of CDF is –121.45 dB(W/m2/MHz). This value has to be compared to the limit of –119.8 dB(W/m2/MHz).
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8 
Conclusion of the computation example

The aggregate epfd for this example is below the aggregate epfd limit of –119.8 dB(W/m2/MHz). All those previous steps have to be computed for each latitude (0 to 90°) to determine the worst latitude case which will provide the result which should be below –119.8 dB(W/m2/MHz) for a CDF at 1% of the time.

ANNEX 2-2 [Second proposal]
Method for assessing the aggregate pfd from all RNSS 
system space stations having circular orbits

The method set forth below for assessing the aggregate pfd from the space stations of all RNSS systems could be used for assessing the sharing between the radionavigation‑satellite service and the aeronautical radionavigation service (DME/TACAN) in the band 1 164‑1 215 MHz.

Shown below is a method for calculating the aggregate pfd from RNSS system space stations at a given point on the Earth's surface. The method is based on the assumption that the orbital constellation of satellites in RNSS systems involves circular orbits. Furthermore, the shape of the radiation pattern of the satellite antennas gives a more or less identical pfd level at the Earth's surface from the signal radiated by the different satellites, as well as an even coverage of the service area.

The pfd from a single signal (with a specific class of emission) from a satellite in an RNSS system in control band (f is determined by means of the expression:
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where:


Po:
maximum spectral power density supplied to the RNSS system satellite antenna (W/Hz)


Gt(():
RNSS system satellite transmitting antenna gain in direction ( from the nadir


d:
inclined distance from the satellite to a given point on the Earth's surface

For circular orbits, the inclined distance d is determined by the expression:
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where:


R:
the Earth's radius (m)


H:
altitude of the RNSS satellite orbit (m)


(:
angle of arrival of emission with respect to a horizontal plane (degrees). That angle is associated with the angle of deviation from the nadir ( by the following expression:
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Using expressions (1‑3), it is possible to determine the pfd produced by a single signal emitted by one satellite in an RNSS system for different angles of arrival ( with respect to a horizontal plane, and to determine the worst angle (1 and the corresponding angle (1 at which the pfd values will be greatest, i.e.:
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Taking into account the accepted assumption that existing RNSS systems produce a more or less identical level of signal power at the Earth's surface, the maximum aggregate pfd from all visible satellites may be determined by means of the following expression:
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where:


N:
maximum number of RNSS system satellites visible from a specific point on the Earth's surface and operating simultaneously in the same frequency band with the same class of emission (this parameter may be provided by RNSS system operators or be determined in accordance with the methodology set forth in Appendix 1).

It should be noted that expression (4) is true for cases of RNSS system satellites emitting signals on one carrier with a single class of emission. In the event of each satellite simultaneously emitting several radionavigation signals on a single carrier frequency with different classes of emission, the maximum aggregate pfd produced by all the emissions from all the visible RNSS system satellites may be determined by the expression:
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where:


J:
number of signals with different classes of emission emitted simultaneously from one satellite on a single carrier.

Where several RNSS systems are operating simultaneously in the same frequency band, the aggregate pfd from all of the satellites in those systems may be determined by the expression:
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where:


K:
number of RNSS systems operating simultaneously in the same frequency band.

It should be noted that the values of the parameter K must be determined on the basis of the possibility of sharing by different RNSS systems in the same frequency band.

An example of the use of this method, together with the results of an assessment of the degree of conformity with the data obtained by means of simulation modelling, are shown in Appendix 2.

Conclusion

The results obtained by means of the proposed method have shown that the calculated levels of aggregate pfd (Appendix 2) exceed by an insignificant amount the levels of aggregate pfd obtained by means of simulation modelling. The calculation error does not exceed one dB, which is comparable with the errors encountered in actual practice and may be acceptable.

appendix 1 

(to Annex 2-2)

Method for calculating the number of satellites that are visible from a given point on the Earth's surface and operating in the same frequency band

The method set out below is for determining the number of satellites in a non-geostationary system that are visible from a given point on the Earth's surface and operating in the same frequency band. It may be used in compatibility calculations between RNSS system space stations and ARNS stations.

The probability of an elementary event - the finding of a subsatellite point of a space station in a non-geostationary RNSS system in elementary area A on the Earth's surface - is determined by means of the expression (Recommendation ITU-R S.1257):
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where:


i:
inclination of satellite orbit (rad)


L:
latitude of area A (rad).

Area A may be represented as an element in the area of visibility which, in spherical coordinates, is expressed as dA = dBdL, where dB and dL are elementary increments in longitude and latitude.

In the light of the foregoing, the probability of finding a subsatellite point of a space station in a non-geostationary RNSS system in the area of visibility may be determined by means of the expression:
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where:


L1 and L2:
latitudinal boundaries of the area of visibility where the centre of the area of visibility is located at latitude Lo (rad):



L1 = –I where Lo–Q<–I, otherwise L1 = –Q + Lo, 
(9)



L2 = I where Lo + Q>I, otherwise L1 = Q + Lo,
(10)



I = π –i where i >
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Q:
arc of the great circle between the centre of the area of visibility and its edge:
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B1(L) and B2(L):
longitudinal boundaries of the area of visibility at latitude L where the centre of the area of visibility is located at latitude Lo:
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B(L):
longitudinal difference modulus of the centre of the area of visibility and of the boundary of the area of visibility at latitude L:



B(L) = arccos(1 – v) where v < 2, otherwise B(L) = π,
(15.1)



where: 
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p(L):
probability density:
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Given that p(L) is not dependent on B, but that 
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, expression (8) may take the form:
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It is thus possible, using expressions (9-12 and 15-17) to determine the probability of finding a non‑geostationary satellite in the area of visibility of an observer located at latitude Lo. 

If we accept the assumption that satellite appearances in the area of visibility are independent events, the mathematical expectation of the number of visible satellites will be:



M = n ·P,
(18)

where:


n:
number of satellites in the system.

The orbital layout of RNSS systems is decided on the basis of the need to provide even coverage to the service area. Every effort is made to ensure that satellites within such a constellation are located evenly with respect to each other, such that their mutual positions are sufficiently stable. Proceeding on this basis, the assumption that was accepted above results in the obtaining of excessively high data by comparison with the actual data (see Appendix II). Having regard to the foregoing, we may use the following expression to calculate the maximum number of visible satellites in an RNSS system:



m = integer(M + 1).
(19)

In order to determine the maximum number of visible satellites in an RNSS system that are operating in the same frequency band, it is necessary to take additional account of the multiple access method that is used by the RNSS system and of the necessary bandwidth for transmitting a single radionavigation signal.

The number of satellites operating in the area of visibility on a single frequency band with a specific class of emission may be determined from the following expressions:

–
for systems using CDMA:



N = m;
(20)

–
for systems using FDMA/CDMA:



N = l integer(F/ΔF + 1) where m > l integer(F/ΔF + 1), otherwise N = m
(21)

where:


F:
necessary bandwidth for the specified class of emission


ΔF:
frequency grid pitch


l:
maximum possible number of RNSS system satellites using the same carrier frequencies in the area of visibility.

appendix 2 

(to Annex 2-2)

Example of the calculation of the aggregate pfd produced by an RNSS system

By way of an example, an RNSS system is considered for which it is planned to use the frequency range 1 164‑1 215 MHz. The main characteristics of the system are shown in Table 1.

table 1

	Parameter
	Conventional symbol
	Value

	Altitude of orbit (km)
	H
	19 100

	Inclination of orbit (degrees)
	I
	64.8

	Number of satellites in constellation
	N
	24

	Multiple access method
	
	CDMA

	Number of signals transmitted on a single carrier
	J
	1

	Necessary bandwidth (MHz)
	F
	1.02

	Maximum power density of satellite (dBW/Hz)
	Po
	(42.3

	Radiation pattern of satellite transmitting antenna
	G(δ)
	See Figure 1.
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figure 1

Radiation pattern of the space station transmitting antenna

Equations (1-3) are used to determine the pfd produced by a single signal from one satellite at the Earth's surface in a 1 MHz band for different angles of arrival. The results of the calculations are shown in Table 2.

table 2

	Levels of pfd produced by a single signal at the Earth's surface

θ, degrees
	d, km
	δ, degrees
	G(δ), dB
	pfd, dBW/m2 in any 1 MHz band

	0
	24 661
	14.49
	10.0
	(131.13

	5
	24 112
	14.43
	10.0
	(130.94

	10
	23 580
	14.26
	10.0
	(130.74

	15
	23 067
	13.98
	10.0
	(130.56

	20
	22 578
	13.59
	10.0
	(130.39

	25
	22 115
	13.10
	9.9
	(130.25

	30
	21 681
	12.51
	9.9
	(130.15

	35
	21 276
	11.82
	9.8
	(130.10

	40
	20 904
	11.05
	9.6
	(130.10

	45
	20 564
	10.19
	9.4
	(130.16

	50
	20 259
	9.25
	9.1
	(130.29

	55
	19 989
	8.25
	8.8
	(130.49

	60
	19 754
	7.18
	8.5
	(130.73

	65
	19 554
	6.07
	8.1
	(131.00

	70
	19 391
	4.91
	7.8
	(131.27

	75
	19 264
	3.71
	7.5
	(131.53

	80
	19 173
	2.49
	7.2
	(131.73

	85
	19 118
	1.25
	7.1
	(131.87

	90
	19 100
	0.00
	7.0
	(131.91


It can be seen from Table 2 that where angle δ1 = 11.82 degrees, the pfd values will be greatest.

Expressions (9-12 and 15-19) are used to determine the probability of finding an RNSS system satellite in the area of visibility of an observer located at different latitudes, as well as the corresponding mathematical expectation and maximum value in respect of the number of visible satellites (Table 3).

table 3

Probability data for the number of visible RNSS system satellites

	Lo, degrees
	P
	M
	m

	0
	0.539
	12.936
	13

	20
	0.493
	11.832
	12

	40
	0.56
	13.44
	14

	60
	0.625
	15
	16

	80
	0.641
	15.384
	16


In accordance with expression (20), all the satellites in the RNSS system in question that are located within the area of visibility are operating on the same frequency band.

Expression (6) is used to determine the maximum aggregate pfd produced by the emissions of all of the visible RNSS system satellites.

The results of the calculations are shown in Table 4. In addition, Table 4 and Figures 2 and 3 show the calculation results obtained by means of simulation modelling of the RNSS system in question.

table 4

Maximum aggregate pfd resulting from the emissions of all of the 
visible RNSS system satellites, dBW/m2 in any 1 MHz band

	Lo, degrees
	0
	20
	40
	60
	80

	Calculations
	(118.91
	(119.26
	(118.59
	(118.01
	(118.01

	Modelling
	(121.42
	(120.87
	(120.92
	(120.62
	(120.62
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figure 2

Aggregate pfd produced by all of the RNSS system satellites visible to 
an observer at different latitudes (simulation modelling)
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figure 3

Number of RNSS system satellites visible to an observer 
at different latitudes (simulation modelling)

As can be seen from the above data, the aggregate pfd levels calculated by means of the above‑mentioned method are slightly higher than the pfd levels obtained by means of the simulation model.

The above calculations show that the aggregate pfd level from an RNSS system operating in the frequency range 1 164-1 215 MHz does not exceed –118 dBW/m2/MHz, which corresponds to the pfd limit of –115 dBW/m2 in any 1 MHz band laid down in No. S5.328A of the Radio Regulations.

ANNEX 2-3 [third proposal]

Methodology for assessing the aggregate epfd of RNSS operating in the 
band 1 164‑1 215 MHz to distance measuring equipment and tactical 
air navigation system (DME/TACAN) receivers in determining the relation 
of aggregate epfd to aggregate pfd

1
Introduction

To determine need for a pfd limit on RNSS for protection of DME/TACAN receivers, it is first desirable to determine the level of epfd caused by RNSS to DME/TACAN. When the level of RNSS epfd is known, one can then determine a level of pfd needed to support a maximum level of RFI. After such a pfd value is obtained, the restrictions on the RNSS itself can then be determined. If those restrictions are excessive, then a pfd limit may be deemed inappropriate. 

The intent here is to show how the aggregate epfd of an RNSS can be evaluated and related to the aggregate pfd of that RNSS.

2
Formulation for aggregates of epfd, pfd and antenna gain 

This section gives a formulation for the aggregates of epfd, power flux-density (pfd), and antenna gain. 

2.1
Single-entry epfd

The epfd is, for a single transmitter, given by:
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where:


Lp
is the polarization loss (dB) associated with the polarization mismatch between the transmitted signal and the receiver antenna


Gr
is the receiver-antenna's gain (dBi) in the direction of the transmitter


Grmax
is the maximum receiver-antenna’s gain (dBi)


pfd
received power flux density in dBW/m2/MHz 

2.2
Aggregate epfd

Equation 1 is for a single transmitter. The total power is the sum over all the transmitters and is given as:
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where:


K
is the number of transmitters


k
uniquely denotes a transmitter

The other notation is defined as for equation 1, except that the "k" subscript means the term is defined relative to the k-th transmitter. Note that the receiver gain, Gr,k, varies by k; i.e., the transmitter, only because the direction from the receiver antenna to transmitters varies by transmitter, but the receiver antenna is the same.

To simplify this analysis, we now make some assumptions:

1)
The pfdk is taken to be the maximum expected from the RNSS for all k
2)
Lp,k is assumed to be the same constant for all k
Using these assumptions, Equation 2 simplifies to:
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where the dependency on the transmitter now only appears in the gain, Gr,k. 

Note that the only factor that is varies with time is the last term; viz., 
[image: image77.wmf]ï

þ

ï

ý

ü

ï

î

ï

í

ì

×

å

=

K

k

G

k

r

1

10

/

,

10

log

10

.

2.3
Comparison of epfd, aggregate power flux-density, pfdA, and aggregate gain, GA
We can write the pfd due to a single transmitter as:
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where:


pfd
is the pfd (dBW/m2/MHz)


d
is the distance between the transmitter and receiver antennas (m)

The aggregate pfd, as in equation 3 of Annex 1A, is just the sum individual pfds:
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Now using the same assumptions as in section 2.2, the aggregate pfd simplifies to:
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The only pfd term that varies with time is K, the number of satellites in view. This is in contrast to the interference power's aggregate-gain term:
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The numerical difference between IA and GA, in decibels, is:
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where:


Gr is assumed to be the average Gr,k

Since the errors introduced by the assumptions used are small, for current RNSS systems, it is now necessary to examine how K and GA term are related.

2.4
Comparison of epfd and pfdA 

For successful application of a pfd limit, there must be a simple relationship between the aggregate interference power, epfd , and the aggregate pfd, pfdA. If these terms are directly proportional to one another, then it is indeed appropriate to set a pfd limit.

In the following sections, there are simplified approximations of epfd and pfdA. Then an example based on GPS is provided. 

2.5
A statistical approximation for epfd

For a uniformly random elevation, we can now calculate the statistics of epfd. The mean gain towards a single transmitter is simply:
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The variance towards a single transmitter is:
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For uniformly random constellation positions, we have, based on the law of large numbers, a normal distribution for the aggregate gain, GA, with a mean of 
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2.6
The DME receiver antenna pattern

The gain of DME receiver antennas usually falls between –1 and 5 dBi. Since pfd limits are better suited to systems that have significant interference from a wide field of view, the gain of the DME antenna will be taken as 3 dBi for the purposes of this example. Higher gains will tend to accentuate differences between K and Gr.

For a DME receiver antenna pattern, the one given in Annex 2, Figure 2, is used. In particular, the heavier line is used. Table 1 lists the gain values. This is a broader pattern than the measured pattern, and it will tend to attenuate the differences between K and Gr.

Table 1

Gain vs. elevation angle

	Elevation
	dB-peak
	DBi

	0°-10°
	0
	3

	10°-20°
	–10
	–7

	20°-50°
	–12.5
	–9.5

	50°-65°
	–15
	–12

	65°-180°
	–20
	–17


For the azimuth, it is assumed that the elevation and gain pattern is the same for all azimuth angles. (In operation the DME antenna may simply rotate.)

2.7
A GPS example

By direct calculation, the value of (g is 0.36, from equation 9, and (g is 0.827, from Equation 10, so one can estimate that GA has a normal distribution with mean 
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. Note that the normal distribution has 97.7% of its sample values below two standard deviations plus the mean, and assuming a normal approximation, 97.7% of the time GA is less than 7.91; i.e. 8.98 dB.

For transmitted power, it was assumed that all the GPS satellites transmitted on a MHz bandwidth centered on 1 176.45 MHz with a r.i.p. of –154 dBW at 0º elevation. Assuming isotropic radiators on the satellites, this translates to an equivalent isotropically radiated power (e.i.r.p.) of 31 dBW on each satellite. 

The assumed noise figure (NF) for the DME receiver was 2 dB, and the assumed receiver bandwidth was 650 kHz centred on the L5 centre frequency of 1 176.45 MHz. This gives an OTR factor of 
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dB. No polarization loss, Lp, was also assumed. Then by Equation 3, (isotropic) epfd; i.e. Grmax=0 dBi,
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and epfd is less than –160.18 + 8.98 = –151.2 dB 97.7% of the time. By Equation 6, we have 
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or less for 97.7% of the time.

3
Conclusion

A method to simplify the calculation of aggregate epfd or pfd has been presented. This method has the benefit of avoiding simulation of non-GSO RNSS operations, but it remains to be validated by measurements, simulations, or other appropriate methods.

_________________
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privatAC Model (2)

		0		0		0		6.1257422745431E-16		0		0		0		0		0		0		0		0		0		0		0		0

		4.3412044417		5.20944533		3.4729635533		1.7364817767		38.6370330516		34.6410161514		28.2842712475		20		10.3527618041		38.6370330516		34.6410161514		28.2842712475		20		10.3527618041		6.9459271067		40

		8.8925237265		10.2606042998		6.8404028665		3.4202014333																						13.680805733

		15		15		10		5																						20

		19.2836282906		19.2836282906		12.8557521937		6.4278760969																						25.7115043875

		26.8115555092		22.9813332936		15.3208888624		7.6604444312																						30.6417777248

		32.04293994		25.9807621135		17.3205080757		8.6602540378																						34.6410161514

		32.8892417275		28.1907786236		18.7938524157		9.3969262079																						37.5877048314

		36.4378868615		29.5442325904		19.6961550602		9.8480775301																						39.3923101205

		35		30		20		10																						40

		29.5442325904		29.5442325904		19.6961550602		9.8480775301																						39.3923101205

		25.3717007612		28.1907786236		18.7938524157		9.3969262079																						37.5877048314

		23.3826859022		25.9807621135		17.3205080757		8.6602540378																						34.6410161514

		19.151111078		22.9813332936		15.3208888624		7.6604444312																						30.6417777248

		16.0696902422		19.2836282906		12.8557521937		6.4278760969																						25.7115043875

		11		15		10		5																						20

		6.1563625799		10.2606042998		6.8404028665		3.4202014333																						13.680805733

		1.7364817767		5.20944533		3.4729635533		1.7364817767																						6.9459271067

		6.1257422745431E-16		0		0		6.1257422745431E-16																						0
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EPFDsave-all (3)

		

				Latitude		50 deg																Function

						Comm Jet EPFD @0 deg		Comm Jet PFD @0 deg		Comm Jet PFD@50 deg		Comm Jet EPFD @50 deg		Turbo Prop EPFD @0 deg		Turbo Prop PFD @0 deg		Turbo Prop PFD@50 deg		Turbo Prop EPFD @50 deg		Probability		[-]

						ISOG3m1@43		ISOG10m-1@6		ISOG3m2@6		ISOG10m-2@43		ISOT3m1@6		ISOG10m-1@6		ISOT3m1@6		ISOG10m-1@6

						Comm Jet EPFD 40kfts		Comm Jet PFD 40kfts		Comm Jet PFD@50 deg		Comm Jet EPFD @50 deg		Propeller EPFD 20kfts		Propeller PFD 20kfts		Turbo Prop PFD@50 deg		Turbo Prop EPFD @50 deg		Level		Limits 3m		Comm Jet EPFD 40kfts		Comm Jet PFD 40kfts		Comm Jet PFD@50 deg		Comm Jet EPFD @50 deg		Propeller EPFD 20kfts		Propeller PFD 20kfts		Turbo Prop PFD@50 deg		Turbo Prop EPFD @50 deg		I		j

		-120		-118.2																		-118.2		0.001		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000

				-118.3																		-118.3		0.001		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000

				-118.4																		-118.4		0.001		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000

				-118.5																		-118.5		0.001		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000

				-118.6																		-118.6		0.001		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000

				-118.7																		-118.7		0.001		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000

				-118.8																		-118.8		0.001		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000

				-118.9																		-118.9		0.001		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000

				-119.0																		-119		0.001		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000

				-119.1																		-119.1		0.001		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000

				-119.2						2.96E-03								2.96E-03				-119.2		0.001		0.000		0.000		0.296		0.000		0.000		0.000		0.296		0.000

				-119.3				4.43E-02		2.32E-02						3.85E-03		2.32E-02				-119.3		0.001		0.000		4.427		2.614		0.000		0.000		0.385		2.614		0.000

				-119.4				0.00E+00		4.00E-03						0.00E+00		4.00E-03				-119.4		0.001		0.000		4.427		3.014		0.000		0.000		0.385		3.014		0.000

				-119.5				1.65E-01		1.01E-02						1.03E-01		1.01E-02				-119.5		0.001		0.000		20.963		4.024		0.000		0.000		10.719		4.024		0.000

				-119.6				4.65E-01		3.41E-01						4.36E-01		3.41E-01				-119.6		0.001		0.000		67.463		38.098		0.000		0.000		54.327		38.098		0.000

				-119.7				0.00E+00		1.08E-01						0.00E+00		1.08E-01				-119.7		0.001		0.000		67.463		48.852		0.000		0.000		54.327		48.852		0.000

				-119.8				2.67E-02		1.06E-02						7.25E-02		1.06E-02				-119.8		0.001		0.000		70.132		49.910		0.000		0.000		61.573		49.910		0.000

				-119.9				2.99E-01		9.85E-02						3.63E-01		9.85E-02				-119.9		0.001		0.000		100.000		59.757		0.000		0.000		97.857		59.757		0.000

				-120.0						2.06E-01						0.00E+00		2.06E-01				-120		0.001		0.000		100.000		80.353		0.000		0.000		97.857		80.353		0.000

				-120.1						1.84E-01						0.00E+00		1.84E-01				-120.1		0.001		0.000		100.000		98.758		0.000		0.000		97.857		98.758		0.000

				-120.2						2.60E-03						2.14E-02		2.60E-03				-120.2		0.005		0.000		100.000		99.017		0.000		0.000		100.000		99.017		0.000

				-120.3						1.11E-03								1.11E-03				-120.3		0.005		0.000		100.000		99.128		0.000		0.000		100.000		99.128		0.000

				-120.4						8.72E-03								8.72E-03				-120.4		0.005		0.000		100.000		100.000		0.000		0.000		100.000		100.000		0.000

				-120.5																		-120.5		0.005		0.000		100.000		100.000		0.000		0.000		100.000		100.000		0.000

				-120.6																		-120.6		0.005		0.000		100.000		100.000		0.000		0.000		100.000		100.000		0.000

				-120.7																		-120.7		0.005		0.000		100.000		100.000		0.000		0.000		100.000		100.000		0.000

				-120.8																		-120.8		0.005		0.000		100.000		100.000		0.000		0.000		100.000		100.000		0.000

				-120.9																		-120.9		0.005		0.000		100.000		100.000		0.000		0.000		100.000		100.000		0.000

				-121.0																		-121		0.005		0.000		100.000		100.000		0.000		0.000		100.000		100.000		0.000

				-121.1																		-121.1		0.005		0.000		100.000		100.000		0.000		0.000		100.000		100.000		0.000

				-121.2																		-121.2		0.005		0.000		100.000		100.000		0.000		0.000		100.000		100.000		0.000				0.001

				-121.3																		-121.3		0.005		0.000		100.000		100.000		0.000		0.000		100.000		100.000		0.000

				-121.4																		-121.4		0.005		0.000		100.000		100.000		0.000		0.000		100.000		100.000		0.000

				-121.5																		-121.5		0.005		0.000		100.000		100.000		0.000		0.000		100.000		100.000		0.000

				-121.6																		-121.6		0.005		0.000		100.000		100.000		0.000		0.000		100.000		100.000		0.000

				-121.7																		-121.7		0.005		0.000		100.000		100.000		0.000		0.000		100.000		100.000		0.000

				-121.8																		-121.8		0.005		0.000		100.000		100.000		0.000		0.000		100.000		100.000		0.000

				-121.9																		-121.9		0.005		0.000		100.000		100.000		0.000		0.000		100.000		100.000		0.000

				-122.0																		-122		0.005		0.000		100.000		100.000		0.000		0.000		100.000		100.000		0.000

				-122.1																		-122.1		0.005		0.000		100.000		100.000		0.000		0.000		100.000		100.000		0.000

				-122.2																		-122.2		0.022		0.000		100.000		100.000		0.000		0.000		100.000		100.000		0.000

				-122.3																		-122.3		0.022		0.000		100.000		100.000		0.000		0.000		100.000		100.000		0.000

				-122.4																		-122.4		0.022		0.000		100.000		100.000		0.000		0.000		100.000		100.000		0.000

				-122.5																		-122.5		0.022		0.000		100.000		100.000		0.000		0.000		100.000		100.000		0.000

				-122.6																		-122.6		0.022		0.000		100.000		100.000		0.000		0.000		100.000		100.000		0.000

				-122.7																		-122.7		0.022		0.000		100.000		100.000		0.000		0.000		100.000		100.000		0.000

				-122.8																		-122.8		0.022		0.000		100.000		100.000		0.000		0.000		100.000		100.000		0.000

				-122.9																		-122.9		0.022		0.000		100.000		100.000		0.000		0.000		100.000		100.000		0.000

				-123.0																		-123		0.022		0.000		100.000		100.000		0.000		0.000		100.000		100.000		0.000

				-123.1																		-123.1		0.022		0.000		100.000		100.000		0.000		0.000		100.000		100.000		0.000

				-123.2																		-123.2		0.022		0.000		100.000		100.000		0.000		0.000		100.000		100.000		0.000

				-123.3																		-123.3		0.022		0.000		100.000		100.000		0.000		0.000		100.000		100.000		0.000

				-123.4																		-123.4		0.022		0.000		100.000		100.000		0.000		0.000		100.000		100.000		0.000

				-123.5																		-123.5		0.022		0.000		100.000		100.000		0.000		0.000		100.000		100.000		0.000

				-123.6																		-123.6		0.022		0.000		100.000		100.000		0.000		0.000		100.000		100.000		0.000

				-123.7																		-123.7		0.022		0.000		100.000		100.000		0.000		0.000		100.000		100.000		0.000

				-123.8																		-123.8		0.022		0.000		100.000		100.000		0.000		0.000		100.000		100.000		0.000

				-123.9																		-123.9		0.022		0.000		100.000		100.000		0.000		0.000		100.000		100.000		0.000

				-124.0																		-124		0.022		0.000		100.000		100.000		0.000		0.000		100.000		100.000		0.000

				-124.1																		-124.1		0.022		0.000		100.000		100.000		0.000		0.000		100.000		100.000		0.000

				-124.2																		-124.2		0.022		0.000		100.000		100.000		0.000		0.000		100.000		100.000		0.000

				-124.3																		-124.3		0.022		0.000		100.000		100.000		0.000		0.000		100.000		100.000		0.000

				-124.4																		-124.4		0.022		0.000		100.000		100.000		0.000		0.000		100.000		100.000		0.000

				-124.5																		-124.5		0.022		0.000		100.000		100.000		0.000		0.000		100.000		100.000		0.000

				-124.6																		-124.6		0.022		0.000		100.000		100.000		0.000		0.000		100.000		100.000		0.000

				-124.7																		-124.7		0.022		0.000		100.000		100.000		0.000		0.000		100.000		100.000		0.000

				-124.8								2.59E-03										-124.8		0.022		0.000		100.000		100.000		0.259		0.000		100.000		100.000		0.000

				-124.9								3.70E-04										-124.9		0.022		0.000		100.000		100.000		0.296		0.000		100.000		100.000		0.000

				-125.0								0.00E+00										-125		0.022		0.000		100.000		100.000		0.296		0.000		100.000		100.000		0.000

				-125.1								0.00E+00										-125.1		0.022		0.000		100.000		100.000		0.296		0.000		100.000		100.000		0.000

				-125.2								4.85E-03								1.16E-04		-125.2		0.022		0.000		100.000		100.000		0.781		0.000		100.000		100.000		0.012

				-125.3								4.10E-03								2.96E-03		-125.3		0.022		0.000		100.000		100.000		1.191		0.000		100.000		100.000		0.308

				-125.4								5.14E-03								3.71E-03		-125.4		0.022		0.000		100.000		100.000		1.706		0.000		100.000		100.000		0.679

				-125.5								0.00E+00								2.45E-03		-125.5		0.022		0.000		100.000		100.000		1.706		0.000		100.000		100.000		0.924

				-125.6								0.00E+00								2.12E-03		-125.6		0.022		0.000		100.000		100.000		1.706		0.000		100.000		100.000		1.136

				-125.7								5.30E-03								5.87E-03		-125.7		0.022		0.000		100.000		100.000		2.236		0.000		100.000		100.000		1.723

				-125.8		4.37E-03						1.37E-02								2.39E-03		-125.8		0.022		0.437		100.000		100.000		3.601		0.000		100.000		100.000		1.961

				-125.9		3.36E-03						2.04E-02								2.60E-03		-125.9		0.022		0.773		100.000		100.000		5.643		0.000		100.000		100.000		2.222

				-126.0		2.86E-02						2.14E-02								4.82E-03		-126		0.022		3.631		100.000		100.000		7.782		0.000		100.000		100.000		2.704

				-126.1		7.96E-03						1.61E-02								8.42E-03		-126.1		0.022		4.427		100.000		100.000		9.391		0.000		100.000		100.000		3.546

				-126.2		0.00E+00						2.27E-02								1.33E-02		-126.2		0.029		4.427		100.000		100.000		11.665		0.000		100.000		100.000		4.879		0.001

				-126.3		2.91E-03						3.54E-02		3.23E-04						1.63E-02		-126.3		0.029		4.718		100.000		100.000		15.204		0.032		100.000		100.000		6.510

				-126.4		7.02E-03						2.16E-02		2.82E-03						1.52E-02		-126.4		0.029		5.420		100.000		100.000		17.359		0.315		100.000		100.000		8.025

				-126.5		2.20E-02						3.04E-02		7.06E-04						1.83E-02		-126.5		0.029		7.620		100.000		100.000		20.400		0.385		100.000		100.000		9.857

				-126.6		6.39E-02						6.18E-02		0.00E+00						2.30E-02		-126.6		0.029		14.008		100.000		100.000		26.580		0.385		100.000		100.000		12.154

				-126.7		9.57E-02						7.88E-02		0.00E+00						2.90E-02		-126.7		0.029		23.578		100.000		100.000		34.460		0.385		100.000		100.000		15.052

				-126.8		8.24E-02						1.07E-01		0.00E+00						2.80E-02		-126.8		0.029		31.818		100.000		100.000		45.129		0.385		100.000		100.000		17.854

				-126.9		1.19E-01						1.00E-01		2.03E-02						2.76E-02		-126.9		0.029		43.746		100.000		100.000		55.171		2.413		100.000		100.000		20.616

				-127.0		1.61E-01						1.04E-01		5.63E-02						2.62E-02		-127		0.029		59.868		100.000		100.000		65.533		8.039		100.000		100.000		23.237

				-127.1		6.12E-02						4.99E-02		4.93E-02						3.19E-02		-127.1		0.029		65.990		100.000		100.000		70.527		12.966		100.000		100.000		26.428

				-127.2		1.47E-02						4.89E-02		4.92E-02						3.83E-02		-127.2		0.029		67.463		100.000		100.000		75.419		17.887		100.000		100.000		30.255

				-127.3		2.89E-03						6.10E-02		3.48E-02						3.88E-02		-127.3		0.029		67.752		100.000		100.000		81.518		21.363		100.000		100.000		34.133

				-127.4		4.69E-03						3.61E-02		2.19E-02						3.97E-02		-127.4		0.029		68.222		100.000		100.000		85.125		23.550		100.000		100.000		38.102

				-127.5		2.36E-02						3.86E-02		2.36E-02						5.99E-02		-127.5		0.029		70.581		100.000		100.000		88.984		25.913		100.000		100.000		44.092

				-127.6		3.04E-02						1.86E-02		2.42E-02						6.32E-02		-127.6		0.029		73.620		100.000		100.000		90.840		28.331		100.000		100.000		50.416

				-127.7		2.60E-02						1.02E-02		2.63E-02						5.58E-02		-127.7		0.029		76.220		100.000		100.000		91.859		30.965		100.000		100.000		56.000

				-127.8		2.58E-02						8.06E-03		3.76E-02						6.74E-02		-127.8		0.029		78.796		100.000		100.000		92.665		34.722		100.000		100.000		62.741

				-127.9		5.46E-02						5.83E-03		5.58E-02						6.14E-02		-127.9		0.029		84.258		100.000		100.000		93.248		40.300		100.000		100.000		68.876

				-128.0		2.82E-02						5.78E-03		5.93E-02						6.73E-02		-128		0.029		87.078		100.000		100.000		93.825		46.228		100.000		100.000		75.608

				-128.1		2.44E-02						5.70E-03		1.10E-01						4.31E-02		-128.1		0.029		89.521		100.000		100.000		94.395		57.187		100.000		100.000		79.921

				-128.2		2.01E-02						8.83E-03		3.34E-02						4.34E-02		-128.2		0.029		91.527		100.000		100.000		95.278		60.527		100.000		100.000		84.257

				-128.3		2.89E-02						6.43E-03		2.29E-02						1.63E-02		-128.3		0.029		94.416		100.000		100.000		95.921		62.816		100.000		100.000		85.890

				-128.4		3.09E-02						1.10E-02		2.50E-02						1.18E-02		-128.4		0.029		97.502		100.000		100.000		97.018		65.319		100.000		100.000		87.069

				-128.5		2.50E-02						6.51E-03		2.11E-02						1.46E-02		-128.5		0.029		100.000		100.000		100.000		97.669		67.425		100.000		100.000		88.526

				-128.6		2.44E-02						1.20E-02		1.51E-02						2.11E-02		-128.6		0.029		102.444		100.000		100.000		98.873		68.936		100.000		100.000		90.632

				-128.7		4.71E-02						3.76E-03		1.59E-02						1.93E-02		-128.7		0.029		107.156		100.000		100.000		99.249		70.523		100.000		100.000		92.558

				-128.8		7.46E-02						3.28E-03		1.57E-02						2.45E-02		-128.8		0.029		114.621		100.000		100.000		99.577		72.090		100.000		100.000		95.004

				-128.9		6.87E-02						9.69E-04		1.58E-02						1.77E-02		-128.9		0.029		121.491		100.000		100.000		99.674		73.669		100.000		100.000		96.777

				-129.0		8.64E-02						0.00E+00		2.25E-02						1.18E-02		-129		0.029		130.127		100.000		100.000		99.674		75.924		100.000		100.000		97.959

				-129.1		9.33E-02						0.00E+00		2.87E-02						1.11E-02		-129.1		0.029		139.454		100.000		100.000		99.674		78.791		100.000		100.000		99.068

				-129.2		8.09E-02						1.75E-03		3.71E-02						4.46E-03		-129.2		0.029		147.540		100.000		100.000		99.849		82.496		100.000		100.000		99.514

				-129.3		6.48E-02						0.00E+00		4.51E-02						1.15E-03		-129.3		0.029		154.020		100.000		100.000		99.849		87.008		100.000		100.000		99.629

				-129.4		3.23E-02						1.51E-03		3.71E-02						4.44E-04		-129.4		0.029		157.248		100.000		100.000		100.000		90.718		100.000		100.000		99.674

				-129.5		2.54E-02								1.39E-02						0.00E+00		-129.5		0.029		159.790		100.000		100.000		100.000		92.110		100.000		100.000		99.674

				-129.6		2.15E-02								2.14E-02						0.00E+00		-129.6		0.029		161.935		100.000		100.000		100.000		94.246		100.000		100.000		99.674

				-129.7		2.27E-02								4.49E-02						1.64E-03		-129.7		0.029		164.202		100.000		100.000		100.000		98.738		100.000		100.000		99.838

				-129.8		1.62E-02								1.26E-02						1.08E-04		-129.8		0.029		165.820		100.000		100.000		100.000		100.000		100.000		100.000		99.849

				-129.9		9.63E-03														0.00E+00		-129.9		0.029		166.783		100.000		100.000		100.000		100.000		100.000		100.000		99.849

				-130.0		7.74E-03														2.99E-04		-130		0.029		167.557		100.000		100.000		100.000		100.000		100.000		100.000		99.879

				-130.1		6.50E-03														1.21E-03		-130.1		0.029		168.207		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-130.2		5.51E-03																-130.2		0.029		168.758		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-130.3		1.46E-02																-130.3		0.029		170.222		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-130.4		1.05E-03																-130.4		0.029		170.327		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-130.5		9.70E-03																-130.5		0.029		171.297		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-130.6		8.59E-03																-130.6		0.029		172.156		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-130.7		5.72E-03																-130.7		0.029		172.729		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-130.8		1.29E-02																-130.8		0.029		174.024		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-130.9		1.24E-02																-130.9		0.029		175.261		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-131.0		2.89E-03																-131		0.029		175.550		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-131.1		9.79E-04																-131.1		0.029		175.648		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-131.2		1.00E-03																-131.2		0.029		175.748		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-131.3		1.11E-03																-131.3		0.029		175.859		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-131.4		1.78E-03																-131.4		0.029		176.037		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-131.5		1.40E-02																-131.5		0.029		177.434		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-131.6		2.85E-03																-131.6		0.029		177.719		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-131.7		3.74E-04																-131.7		0.029		177.756		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-131.8		5.37E-04																-131.8		0.029		177.810		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-131.9		7.70E-03																-131.9		0.029		178.580		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-132.0		2.16E-03																-132		0.029		178.796		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-132.1		5.01E-03																-132.1		0.029		179.297		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-132.2		6.14E-03																-132.2		0.029		179.910		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-132.3		6.91E-03																-132.3		0.029		180.601		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-132.4		9.16E-03																-132.4		0.029		181.517		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-132.5		4.85E-03																-132.5		0.029		182.002		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-132.6		5.39E-03																-132.6		0.029		182.541		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-132.7		5.93E-03																-132.7		0.029		183.134		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-132.8		3.15E-03																-132.8		0.029		183.449		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-132.9		1.97E-03																-132.9		0.029		183.646		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-133.0		2.00E-03																-133		0.029		183.846		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-133.1		1.02E-03																-133.1		0.029		183.948		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-133.2		1.11E-03																-133.2		0.029		184.059		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-133.3		1.42E-03																-133.3		0.029		184.201		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-133.4		2.66E-03																-133.4		0.029		184.467		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-133.5		3.59E-03																-133.5		0.029		184.826		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-133.6		4.48E-03																-133.6		0.029		185.274		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-133.7		5.27E-03																-133.7		0.029		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-133.8																		-133.8		0.029		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-133.9																		-133.9		0.029		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-134.0																		-134		0.029		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-134.1																		-134.1		0.029		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-134.2																		-134.2		0.029		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000				0.03

				-134.3																		-134.3		0.029		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-134.4																		-134.4		0.029		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-134.5																		-134.5		0.029		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-134.6																		-134.6		0.029		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-134.7																		-134.7		0.029		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-134.8																		-134.8		0.029		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-134.9																		-134.9		0.029		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-135.0																		-135		0.029		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-135.1																		-135.1		0.029		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-135.2																		-135.2		0.029		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-135.3																		-135.3		0.029		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-135.4																		-135.4		0.029		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-135.5																		-135.5		0.029		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-135.6																		-135.6		0.029		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-135.7																		-135.7		0.029		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-135.8																		-135.8		0.029		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-135.9																		-135.9		0.029		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-136.0																		-136		0.029		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-136.1																		-136.1		0.029		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-136.2																		-136.2		0.029		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-136.3																		-136.3		0.029		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-136.4																		-136.4		0.029		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-136.5																		-136.5		0.029		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-136.6																		-136.6		0.029		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-136.7																		-136.7		0.029		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-136.8																		-136.8		0.029		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-136.9																		-136.9		0.029		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-137.0																		-137		0.029		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-137.1																		-137.1		0.029		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-137.2																		-137.2		0.029		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-137.3																		-137.3		0.029		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-137.4																		-137.4		0.029		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-137.5																		-137.5		0.029		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-137.6																		-137.6		0.029		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-137.7																		-137.7		0.029		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-137.8																		-137.8		0.029		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-137.9																		-137.9		0.029		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-138.0																		-138		0.029		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-138.1																		-138.1		0.029		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-138.2																		-138.2		0.029		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-138.3																		-138.3		0.029		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-138.4																		-138.4		0.029		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-138.5																		-138.5		0.029		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-138.6																		-138.6		0.029		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-138.7																		-138.7		0.029		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-138.8																		-138.8		0.029		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-138.9																		-138.9		0.029		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-139.0																		-139		0.029		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-139.1																		-139.1		0.029		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-139.2																		-139.2		0.029		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-139.3																		-139.3		0.029		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-139.4																		-139.4		0.029		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-139.5																		-139.5		0.029		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-139.6																		-139.6		0.029		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-139.7																		-139.7		0.029		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-139.8																		-139.8		0.029		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-139.9																		-139.9		0.029		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-140.0																		-140		0.029		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-140.1																		-140.1		0.029		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-140.2																		-140.2		0.145		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000				0.1

				-140.3																		-140.3		0.145		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-140.4																		-140.4		0.145		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-140.5																		-140.5		0.145		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-140.6																		-140.6		0.300		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-140.7																		-140.7		0.300		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-140.8																		-140.8		0.300		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-140.9																		-140.9		0.300		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-141.0																		-141		0.300		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-141.1																		-141.1		0.300		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-141.2																		-141.2		0.300		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-141.3																		-141.3		0.300		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-141.4																		-141.4		0.300		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-141.5																		-141.5		0.300		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-141.6																		-141.6		0.300		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-141.7																		-141.7		0.300		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-141.8																		-141.8		0.300		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-141.9																		-141.9		0.300		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-142.0																		-142		0.300		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-142.1																		-142.1		0.300		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-142.2																		-142.2		0.300		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-142.3																		-142.3		0.300		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-142.4																		-142.4		0.300		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-142.5																		-142.5		0.300		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-142.6																		-142.6		0.300		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-142.7																		-142.7		0.300		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-142.8																		-142.8		0.300		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-142.9																		-142.9		0.300		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-143.0																		-143		0.300		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-143.1																		-143.1		0.300		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-143.2																		-143.2		0.300		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000		0.03		0.03

				-143.3																		-143.3		0.300		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-143.4																		-143.4		0.300		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-143.5																		-143.5		0.300		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-143.6																		-143.6		0.300		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-143.7																		-143.7		0.300		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-143.8																		-143.8		0.300		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-143.9																		-143.9		0.300		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-144.0																		-144		0.300		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-144.1																		-144.1		0.300		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-144.2																		-144.2		0.300		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-144.3																		-144.3		0.300		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-144.4																		-144.4		0.300		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-144.5																		-144.5		0.300		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-144.6																		-144.6		0.300		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-144.7																		-144.7		0.300		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-144.8																		-144.8		0.300		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-144.9																		-144.9		0.300		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-145.0																		-145		0.300		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-145.1																		-145.1		0.300		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-145.2																		-145.2		0.300		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-145.3																		-145.3		0.300		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-145.4																		-145.4		0.300		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-145.5																		-145.5		0.300		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-145.6																		-145.6		0.300		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-145.7																		-145.7		0.500		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-145.8																		-145.8		0.500		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-145.9																		-145.9		0.500		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-146.0																		-146		0.500		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-146.1																		-146.1		0.500		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-146.2																		-146.2		0.500		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-146.3																		-146.3		0.500		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-146.4																		-146.4		0.500		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-146.5																		-146.5		0.500		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-146.6																		-146.6		0.500		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-146.7		0.00E+00																-146.7		0.500		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-146.8		0.00E+00																-146.8		0.500		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-146.9		0.00E+00																-146.9		0.500		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-147.0		0.00E+00																-147		0.500		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-147.1		0.00E+00																-147.1		0.500		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-147.2		0.00E+00																-147.2		0.500		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-147.3		0.00E+00																-147.3		0.500		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-147.4		0.00E+00																-147.4		0.500		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-147.5		0.00E+00																-147.5		0.500		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-147.6		0.00E+00																-147.6		0.500		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-147.7		0.00E+00																-147.7		10.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-147.8		0.00E+00																-147.8		10.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-147.9		0.00E+00																-147.9		10.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-148.0		0.00E+00																-148		10.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-148.1		0.00E+00																-148.1		10.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-148.2		0.00E+00																-148.2		10.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-148.3		0.00E+00																-148.3		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-148.4		0.00E+00																-148.4		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-148.5		0.00E+00																-148.5		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-148.6		0.00E+00																-148.6		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-148.7		0.00E+00																-148.7		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-148.8		0.00E+00																-148.8		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-148.9		0.00E+00																-148.9		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-149.0		0.00E+00																-149		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-149.1		0.00E+00																-149.1		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-149.2		0.00E+00																-149.2		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-149.3		0.00E+00																-149.3		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-149.4		0.00E+00																-149.4		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-149.5		0.00E+00																-149.5		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-149.6		0.00E+00																-149.6		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-149.7		0.00E+00																-149.7		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-149.8		0.00E+00																-149.8		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-149.9		0.00E+00																-149.9		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-150.0		0.00E+00																-150		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-150.1		0.00E+00																-150.1		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-150.2		0.00E+00																-150.2		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-150.3		0.00E+00																-150.3		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-150.4		0.00E+00																-150.4		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-150.5		0.00E+00																-150.5		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-150.6		0.00E+00																-150.6		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-150.7		0.00E+00																-150.7		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-150.8		0.00E+00																-150.8		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-150.9		0.00E+00																-150.9		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-151.0		0.00E+00																-151		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-151.1		0.00E+00																-151.1		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-151.2		0.00E+00																-151.2		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-151.3		0.00E+00																-151.3		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-151.4		0.00E+00																-151.4		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-151.5		0.00E+00																-151.5		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-151.6		0.00E+00																-151.6		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-151.7		0.00E+00																-151.7		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-151.8		0.00E+00																-151.8		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-151.9		0.00E+00																-151.9		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-152.0		0.00E+00																-152		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-152.1		0.00E+00																-152.1		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-152.2		0.00E+00																-152.2		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-152.3		0.00E+00																-152.3		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-152.4		0.00E+00																-152.4		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-152.5		0.00E+00																-152.5		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-152.6		0.00E+00																-152.6		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-152.7		0.00E+00																-152.7		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-152.8		0.00E+00																-152.8		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-152.9		0.00E+00																-152.9		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-153.0		0.00E+00																-153		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-153.1		0.00E+00																-153.1		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-153.2		0.00E+00																-153.2		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-153.3		0.00E+00																-153.3		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-153.4		0.00E+00																-153.4		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-153.5		0.00E+00																-153.5		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-153.6		0.00E+00																-153.6		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-153.7		0.00E+00																-153.7		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-153.8		0.00E+00																-153.8		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-153.9		0.00E+00																-153.9		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-154.0		0.00E+00																-154		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-154.1		0.00E+00																-154.1		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-154.2		0.00E+00																-154.2		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-154.3		0.00E+00																-154.3		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-154.4		0.00E+00																-154.4		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-154.5		0.00E+00																-154.5		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-154.6		0.00E+00																-154.6		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-154.7		0.00E+00																-154.7		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-154.8		0.00E+00																-154.8		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-154.9		0.00E+00																-154.9		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-155.0		0.00E+00																-155		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-155.1		0.00E+00																-155.1		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-155.2		0.00E+00																-155.2		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-155.3		0.00E+00																-155.3		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-155.4		0.00E+00																-155.4		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-155.5		0.00E+00																-155.5		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-155.6		0.00E+00																-155.6		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-155.7		0.00E+00																-155.7		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-155.8		0.00E+00																-155.8		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-155.9		0.00E+00																-155.9		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-156.0		0.00E+00																-156		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-156.1		0.00E+00																-156.1		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-156.2		0.00E+00																-156.2		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-156.3		0.00E+00																-156.3		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-156.4		0.00E+00																-156.4		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-156.5		0.00E+00																-156.5		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-156.6		0.00E+00																-156.6		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-156.7		0.00E+00																-156.7		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000

				-156.8		0.00E+00																-156.8		100.000		185.800		100.000		100.000		100.000		100.000		100.000		100.000		100.000
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				-120.9209209209		-121.2212212212

				-120.8708708709		-121.1711711712

						-121.1211211211

						-121.0710710711

						-121.021021021

						-120.970970971

						-120.9209209209



Latitude 0 degr.

Latitude 20 degr.

Latitude 40 degr.

Latitude 60 degr.

Latitude 80 degr.

PFD, dBW/m2/MHz

% time

100

100

100

100

100

100

100

100

100

100

99.97500025

99.3340066599

99.8400016

99.4500054999

63.6923630764

99.97500025

85.6881431186

98.4740152598

98.5150148499

63.6923630764

94.8380516195

85.6881431186

98.4740152598

98.2920170798

61.8833811662

91.7730822692

80.056199438

98.2620173798

98.2920170798

20.058799412

83.8781612184

78.9842101579

92.9590704093

94.4910550894

20.058799412

83.8781612184

78.9842101579

90.7610923891

85.5131448686

1.5259847402

67.2323276767

73.4542654573

90.7610923891

81.2401875981

1.5259847402

30.8416915831

69.1403085969

86.8021319787

77.0582294177

28.7697123029

64.5403545965

83.7781622184

65.9463405366

28.7697123029

60.417395826

79.0682093179

58.8224117759

20.8997910021

57.7604223958

75.6752432476

58.8224117759

56.4124358756

73.6062639374

57.8824211758

56.1124388756

73.2362676373

38.9046109539

56.1124388756

73.1002689973

25.5847441526

53.3464665353

72.8972710273

14.2008579914

50.8944910551

72.6452735473

6.9879301207

50.234497655

72.0732792672

6.9879301207

48.9645103549

68.2703172968

5.4919450805

46.2085379146

65.4793452065

2.2519774802

42.1875781242

64.0973590264

2.2519774802

36.7926320737

61.5743842562

1.5329846702

28.4167158328

57.6524234758

28.3607163928

53.4344656553

27.2807271927

48.8425115749

23.8737612624

43.6345636544

19.849801502

37.4866251337

15.7508424916

30.095699043

11.3978860211

27.6667233328

5.7679423206

24.8777512225

1.8759812402

22.1687783122

1.6349836502

20.6237937621

1.2199878001

19.878801212

1.2179878201

17.8418215818

1.2179878201

12.1578784212

0.10699893

4.5429545705

4.4129558704

4.4099559004

3.9339606604

2.4219757802

0.9239907601
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