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	Date issued:	19 September 2011
Source: 	Italy
Subject: 	Agenda Item 1.25 MSS – No Change for the bands 13.25-13.4 GHz





	Summary:

	Several Draft ECPs for AI1.25 on additional allocations to the MSS have been considered at PTD level for frequency bands which are still under sharing studies. 
The frequency band 13.25-13.4 GHz band is currently allocated to the earth exploration-satellite service (active) and space research service (active) on a primary basis.  The band is also allocated to the aeronautical radionavigation service on a primary basis, limited to use for Doppler navigation aids through No. 5.497.
With regard to No. 5.498A the aeronautical radionavigation service enjoys a “super-primary” status with respect to the other existing services in this band. Aeronautical radionavigation applications include the use of Doppler velocity systems.
Either this band and/or 10.5‑10.6 GHz, are considered as potential MSS downlink bands, paired with 15.43-15.63 GHz.
The frequency band 13.25-13.4 GHz, according to the Handbook on Radio Frequency Spectrum Requirements for Civil Aviation (Doc. 9718-AN/957), 4th edition 2007 version, is widely used by Airborne Doppler navigation systems. 
Doppler Velocity Systems (DVS) represent an important alternative to ground and satellite-based navigation aids (NAVAIDS) in aeronautical applications, namely in operational scenarios where the platform must be able to perform autonomous navigation in order to achieve its mission targets.
Changing the primary assignment of spectrum frequency range 13.250-13.400 GHz to MSS services than Aeronautical Radio Navigation services would have a significant impact on the operations of several users around the globe, and may imply significant reduction of flight safety margins of existing aircraft using DVS as primary or secondary navigation system.
The attached contribution underlines the potential interference from MSS services into DVS (Doppler Velocity Sensor) in the frequency band 13.25-13.4 GHz. 
Based on the result of this study the sharing between ARNS as Doppler velocity systems and new MSS applications (s-E) is not feasible in the frequency band 13.25-13.4 GHz, according that the interference from the MSS to the DVS receiver is possible and in some case is unacceptable.

	Proposal:

	CPG to decide for No Change on 13.25-13.4 GHz Band, considering the analysis summarized above. 

	Background:

	CPG PT-D has been studying the potential for new MSS allocations in several candidate bands: 5150-5250 MHz, 7055-7250 MHz, 8400-8500 MHz, 10.5 – 10.6 GHz and 13.25 – 13.4 GHz and 15.43 – 15.63 GHz. 
In the case of the 5 GHz, 10 GHz, 13 GHz and 15 GHz bands, two draft ECPs have been developed for each band: one for No Change and the other for new MSS allocations. 
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	EIRP
	Effective Isotropic Radiated Power

	GSO
	Geo-Stationary Earth Orbit

	NGSO
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This contribution underlines the potential interference from MSS satellite into DVS (Doppler Velocity Sensor) in the frequency band 13.25-13.4 GHz. 
The possibility of direct coupling DVS main lobe/MSS satellite is demonstrated in paragraph 3.1.1 for a limit case. 
The possibility of direct coupling DVS side lobe/MSS satellite is demonstrated in paragraph 3.1.2 considering the variation of the helicopter roll angle.
Interference calculation from MSS towards main and side lobe of the DVS (par. 3.2) are demonstrated with two analysis (see the contribution 4C/522-E of 13 July 2010) and the results are summarized in the following table:  

	Analysis
	Interferer
	Victim
	Antenna coupling configurations causing interference

	First
	GSO MSS
	DVS
	· MSS Mainlobe to DVS mainlobe antenna coupling cases (I/N=15.5)
· MSS Mainlobe to DVS sidelobe antenna coupling cases (I/N=2.5)


	
	NGSO MSS
	DVS
	· MSS Mainlobe to DVS mainlobe antenna coupling cases (I/N=19.5)
· MSS Mainlobe to DVS sidelobe antenna coupling cases (I/N=6.5)


	Second
	 MSS

	DVS
	· MSS Mainlobe to DVS mainlobe antenna coupling cases (I/N=19)
· MSS Mainlobe to DVS sidelobe antenna coupling cases (I/N=6)


[bookmark: _Toc303957733]Table 1 Direct coupling interference summary

Interference calculation from MSS to DVS by ground reflection is considered in par. 3.3.
Analysis takes into account the contribution CPGPTD(11)041  by Inmarsat of 25 April 2011.   
The DVS must guarantee its functionality from an altitude of 0.6 m. 
In hovering condition the altitude of helicopter can be 2-3m and in this case a possible interference is very dangerous for the safety of life. So the analysis has considered an helicopter altitude of 3 m taking into consideration that this is not the worst case because in condition of landing and take off the altitude is lower. The results are summarized in the following table:  

	Analysis
	Interferer
	Victim
	Ground reflection causing interference

	First
	GSO MSS
	DVS
	· I/N=1.4

	
	NGSO MSS
	DVS
	· I/N=7.7

	Second
	 MSS

	· DVS/Radar1
· Radar2
· Radar3
· Radar4
· Radar5
	· I/N=3.6
· I/N=3.6
· I/N=2.4
· I/N=5.9
· I/N=2.93


	
	MSS
	· Radar6
	· No interference (I/N=-10.1)


[bookmark: _Toc303957734]Table 2 Ground reflection interference summary


From these results, it appears that interference from the MSS satellite to the DVS receiver is possible and in some case is very dangerous. 





















[bookmark: _Toc303957979]GENERAL 
	The aeronautical radionavigation service operates worldwide on a primary basis in the frequency band 13.25-13.4 GHz. 
This frequency band is used by the aeronautical radionavigation service (ARNS) on a primary basis. This use is limited to Doppler Navigation Aids (RR No. 5.497). According to the Handbook on Radio Frequency Spectrum Requirements for Civil Aviation (Doc. 9718-AN/957), 4th edition 2007 version, this band is widely used by Airborne Doppler navigation systems.
Airborne Doppler navigation systems are installed in aircrafts (helicopters as well as certain airplanes) and used for specialized applications such as continuous determination of ground speed and drift angle information of an aircraft with respect to the ground. The Radio Technical Commission for Aeronautics (RTCA) has developed a standard for this equipment: DO-158 - Minimum Performance Standards – Airborne Doppler Radar Navigation Equipment.
The frequency band 13.25‑13.4 GHz is allocated to the aeronautical radionavigation service (ARNS) and this use is limited to navigation equipment that make use of the Doppler effect, airborne Doppler radar navigation equipment (DRNE), to measure aircraft ground speed and drift angle (RR No. 5.497). Key technical characteristics of DRNE manufactured in Italy Communications are given below in Table 3:

	Parameter
	DVS Value 

	Operating altitude range
	up to 10000 m

	Frequency band
	13.325 ± 10  MHz

	Type of emission
	FM/CW

	Transmitter power
	0.15 … 10 W

	Sensitivity of receiver
	−120 dB/W

	RF band pass
	10 MHz 

	Antenna gain (beam)
	27 dBi

	Side lobe level (relative)
	−13 dBi

	Incidence Angle
	Not less of 17 deg

	Antenna placement
	Bottom of aircraft fuselage 


[bookmark: _Ref303948344][bookmark: _Toc303957735]Table 3 DVS Parameters
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[bookmark: _Ref292972662][bookmark: _Toc292976207][bookmark: _Toc292976423][bookmark: _Toc303957981]Angle analysis
[bookmark: _Ref303951906][bookmark: _Toc303957982]Main beam angle worst case analysis
With the purpose of verifying if the interference from a satellite can fall within the DRNE main beam we start the analysis considering the incidence angle Ψ (see Figure 3‑1) of DVS and the variation of this with the pitch and roll of the helicopter: 



[bookmark: _Ref292295784][bookmark: _Toc303957730]Figure 3‑1 DVS Beams angles


Where

Elevation angle	
Side angle 
H-Plane beam width	 
E-Plane beam width	
Incidence angle	


The incidence angle is the result of the following formula:




The max pitch and roll foreseen for DVS are 65 degree. 
To these values need to add elevation and azimuth angles, the result is: 

Pitch+Elevation= 80°
Roll+Azimuth= 78°

The variation of the incidence angle is:  

 Pitch+Elevation, Roll+Azimuth)= 88°

The calculation of helicopter incidence angles in function of latitude angle variation is the result of the following formula:




Where the parameters are described in the following figure:

[image: ]
[bookmark: _Ref292963669][bookmark: _Ref292963695][bookmark: _Toc303957731]Figure 3‑2 Latitude of helicopter flight


For the GSO MSS Satellite altitude above the Earth's surface is 35 786 km so Dsat result:
Dsat = 42157 Km
The Incidence angles resulted for this Satellite altitude are shown in the following table: 

	Latitude, deg
	0
	10
	20
	30
	40
	50
	60
	70
	80
	83
	85
	90

	deg)
	180
	168.2
	156.6
	145
	133.7
	122.7
	111.9
	101.5
	91.3
	88.3
	86.3
	81.4

	Slant range, km
	35 776
	35 890
	36 226
	36 769
	37 494
	38 368
	39 356
	40 421
	41 527
	41861
	42084
	42637


[bookmark: _Toc303957736]Table 4 Incidence Angle for GSO Satellite
The direct coupling with DVS main beam is possible from 83° latitude angle.

For the NGSO MSS Satellite altitude above the Earth's surface is 10000 km so Dsat result:
Dsat = 16371 Km
The Incidence angles resulted for this Satellite altitude are shown in the following table: 

	Latitude, deg
	0
	10
	20
	30
	40
	50
	60
	69
	80
	90

	deg)
	180
	163.7
	148.1
	133.6
	120.4
	108.3
	97.3
	88
	77.6
	68.7

	Slant range, km
	10000
	10151
	10605
	11307
	12195
	13208
	14293
	15292
	16505
	17569


[bookmark: _Toc303957737]Table 5 Incidence Angle for NGSO Satellite
The direct coupling with DVS main beam is possible from 69° latitude angle
From this analysis the direct interference on main beam of the DVS is possible for both GSO and NGSO.

[bookmark: _Ref303952003][bookmark: _Toc303957983]Side lobe angle analysis
The side lobe of the DVS is about 30° from main lobe in azimuth direction.
The Azimuth angle of the DVS side lobe become 43°. 
Considering this base data:
Elevation= 15°
Pitch= 0°
Azimuth=43°
Roll= from 0° to 65°

The following tables show the direct coupling satellite/the side lobe varying the latitude angle and helicopter roll angle (X indicates direct coupling):  

	Latitude, deg
	63
	70
	80
	83
	85
	90

	Roll=65
	X
	X
	X
	X
	X
	X

	Roll=58
	
	X
	X
	X
	X
	X

	Roll=48
	
	
	X
	X
	X
	X

	Roll=45
	
	
	
	X
	X
	X

	Roll=43
	
	
	
	
	X
	X

	Roll=38
	
	
	
	
	
	X

	deg)
	108.7
	101.5
	91.3
	88.3
	86.3
	81.4

	Slant range, km
	39 670
	40 421
	41 527
	41861
	42084
	42637


[bookmark: _Toc303957738]Table 6 Direct coupling side lobe- GSO


	Latitude, deg
	50
	60
	69
	80
	90

	Roll=65
	X
	X
	X
	X
	X

	Roll=54
	
	X
	X
	X
	X

	Roll=45
	
	
	X
	X
	X

	Roll=34
	
	
	
	X
	X

	Roll=25
	
	
	
	
	X

	deg)
	108.3
	97.3
	88
	77.6
	68.7

	Slant range, km
	13208
	14293
	15292
	16505
	17569


[bookmark: _Toc303957739]Table 7 Direct coupling side lobe- NGSO

From this analysis the direct interference on side lobe of the DVS is possible for both GSO and NGSO.

[bookmark: _Toc292976209][bookmark: _Toc292976425][bookmark: _Toc303957984]Interference calculation from MSS towards DVS (direct coupling case with main lobe and side lobe)
Two analysis are considered as shown in the contribution 4C/522-E of 13 July 2010. 

[bookmark: _Toc292976210][bookmark: _Toc303957985]First analysis
Basic data:

1)	Ultimate receiver sensitivity (thermal noise power) = −113.55 dB/mW, which is equal to −143 dBW.
2)	 Receiver bandwidth = 1 MHz.
3)	 Receiving antenna gain (main beam) = 27 dBi.
4)	Side lobe level = –13 dBc. 
5)	Required I/N ratio = −10 dB 
6)	Airplane altitude = 10 km.
7)	e.i.r.p. GSO  satellite = 45.4 dBW/1 MHz.
8)	e.i.r.p. NGSO satellite = 40.6 dBW/1 MHz.

1)	GSO MSS system

Bring the ultimate receiver sensitivity to 1 MHz:
−143.54 dBW /1 MHz
The required I/N ratio is −10 dB and the noise figure is 3 dB. Then, the level of interfering signal (from the satellite) should not exceed: 
-143.54 dBW – 10 dB +3 dB = −150.55 dBW/1 MHz.
Calculate free-space loss for interfering signal (from satellite):

Satellite altitude above the Earth's surface is 35 786 km
Average airplane altitude is about 10 km, we calculate losses for the slant range of 41861km
Losses: 207.4 dB (at 13.325 GHz).
Calculate the interfering signal level:

I = 45.4 + 27 - 207.4 = −135 dBW for the main lobe
I = 45.4 + 14 - 207.4 = −148 dBW for the side lobe

Now we determine the calculated interference to the allowable interference level ratio:

−135 dBW – (−150.55 dBW) = 15.55 dB for the main lobe
−148 dBW – (−150.55 dBW) = 2.55 dB for the main lobe

2) NGSO MSS system

Bring the ultimate receiver sensitivity to 1 MHz:
−143.54 dBW /1 MHz
The required I/N ratio is −10 dB and the noise figure is 3 dB. Then, the level of interfering signal (from the satellite) should not exceed: 
-143.54 dBW – 10 dB +3 dB = −150.55 dBW/1 MHz.
Calculate free-space loss for interfering signal (from a satellite):

Satellite altitude above the Earth's surface is 10 000 km
Helicopter altitude is about 10 km, we calculate losses for the slant range of 15292 km.
Losses: 199.60 dB (at the frequency 13.325 GHz). 
Calculate the interfering signal level:

I = 40.6 + 27 – 198.62 = −131.02 dBW for the main lobe
I = 40.6 + 14 – 198.62 = −144.02 dBW for the side lobe

Now we determine the calculated interference to the allowable interference level ratio:

-131.02 dBW – (-150.55 dBW) = 19.53 dB
-144.02 dBW – (-150.55 dBW) = 6.53 dB

[bookmark: _Toc292976211][bookmark: _Toc303957986]Second analysis
1)	Ultimate receiver sensitivity (thermal noise power) = −133.55 dB/mW, which is equal to −163.55 dBW.
2)	 receiver bandwidth = 10 KHz.
3)	 receiving antenna gain (main beam) = 27 dBi. 
4)	required I/N ratio = −10 dB 
5)	MSS PFD  = 115 dBW/m2 in 1 MHz
6)	DVS Noise Figure  = 3 dB

Using the characteristics of the DVS, the interference from MSS downlinks, direct to the radar receiver can be determined, as shown in Table 8 (a I/N positive result indicates interference exceeding the protection threshold). 

	Parameters
	Main Lobe
	Side Lobe

	Receiver noise figure (dB)
	3.00
	3.00

	IF bandwidth (kHz)
	10
	10

	receiver noise (dBW)
	-160.93
	-160.93

	receiver antenna gain in direction of satellite  (dBi)
	27.00
	14.00

	MSS pfd (dBW/m2/MHz)
	-115.00
	-115.00

	MSS pfd in IF bandwidth
	-135.00
	-135.00

	Interference at receiver (dBW)
	-151.94
	-164.94

	The required I/N (dB)
	10.00
	10.00

	I/N (dB)
	18.99
	5.99


[bookmark: _Ref303951435][bookmark: _Toc303957740]Table 8 Interference from MSS downlink to DVS receiver



















[bookmark: _Ref292974228][bookmark: _Toc292976212][bookmark: _Toc292976426][bookmark: _Toc303957987]Interference calculation towards airborne DRNE from satellite wave scattering  

 (
Satellite
Ground Scattering
Helicopter with DVS
Rt
Rr
)










[bookmark: _Toc303957732]Figure 3‑3 Interference from scattering

Interference may be received from the MSS downlinks to the DVS antenna via ground reflection of the MSS signal.  The radar equation may be used to calculate the interference received which, assuming free-space propagation loss, is given by:
[image: ]
As describe in CPGPTD(11)041 Inmarsat contributions of 25 April 2011 the worst case value of the normalized (by the reference area of 1 m2) Radar Cross Section σ0 is 6 dB.
The DVS guarantee its functionality from an altitude of 0.6 m. In hovering condition the helicopter can stop at an altitude of 2-3 m.. 

With this premise the two analysis are:
[bookmark: _Toc303957988]First analysis

Basic data:
1)	Ultimate receiver sensitivity (thermal noise power) = −120 dB/mW, which is equal to −150 dBW.
2)	 receiver bandwidth = 1 MHz.
3)	 receiving antenna gain (main beam) = 27 dBi.
4)	side lobe level = –13 dB. 
5)	required I/N ratio = −10 dB (Source – Recommendation ITU-R М.1644).
6)	Helicopter altitude = 3 m (Helicopter Hovering).
7)	e.i.r.p. GSO  satellite = 45.4 dBW/1 MHz.
8)	e.i.r.p. NGSO satellite = 40.6 dBW/1 MHz.


1)	GSO MSS system
Bring the ultimate receiver sensitivity to 1 MHz:
−143.54 dBW /1 MHz
The required I/N ratio is −10 dB and the noise figure is 3 dB. Then, the level of interfering signal (from the satellite) should not exceed: 
-143.54 dBW – 10 dB +3 dB = −150.55 dBW/1 MHz
Calculate the received total power with the following parameters:
σ = 5 dB
Rt = 35790 Km
Rr = 3 m
The result is: Pr = -149.15 dBW
Now we determine the calculated interference to the allowable interference level ratio:
-149.15 dBW – (-150.55 dBW) = 1.4

2)	NGSO MSS system
Bring the ultimate receiver sensitivity to 1 MHz:
−143.54 dBW /1 MHz
The required I/N ratio is −10 dB and the noise figure is 3 dB. Then, the level of interfering signal (from the satellite) should not exceed: 
-143.54 dBW – 10 dB +3 dB = −150.55 dBW/1 MHz
Calculate the received total power with the following parameters:
σ = 5 dB
Rt = 10000  Km
Rr = 3 m

The result is: Pr = -142.87 dBW
Now we determine the calculated interference to the allowable interference level ratio:
−142.87 dBW – (−150.55 dBW) = 7.68 dB

[bookmark: _Toc303957989]Second analysis

Considering the input data in the contribution CPGPTD(11)041  by Inmarsat of 25 April 2011 the results are shown in the following table (a I/N positive result indicates interference exceeding the protection threshold):


	
	Radar 1/DVS
	Radar 2
	Radar 3
	Radar 4
	Radar 5
	Radar 6

	MSS pfd (dBW/m2 in 1 MHz)
	–115
	–115
	–115
	–115
	–115
	–115

	IF bandwidth (kHz)
	10 
	10
	100
	10 
	14
	25

	Pt.Gt (MSS eirp) (dBW in IF bandwidth)
	27.1
	27.1
	37.1
	27.1
	28.6
	31.1

	Gr (dBi)
	27
	27
	26
	29.5
	26.5
	18

	Ar (effect area of Rx antenna) (dBm2)
	–16.9
	–16.9
	–17.9
	–14.4
	–17.4
	–25.9

	σ (dB)
	5
	5
	5
	5
	5
	5

	Rt (km)
	35786
	35786
	35786
	35786
	35786
	35786

	Rr (m)
	3
	3
	3
	3
	3
	3

	Pr (dBW)
	–167.44
	–167.44
	–158.6
	–165.1
	–166.57
	–172.57

	receiver noise in IF bandwidth (dBW)
	–161.0
	–161.0
	–151.0
	–161.0
	–159.5
	–152.5

	The required I/N (dB)
	10.00
	10
	10
	10
	10
	10

	I/N (dB)
	3.6
	3.6
	2.4
	5.9
	2.93
	–10.1


[bookmark: _Toc303957741]Table 9 Scattering Interference from MSS downlink to DVS receiver
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