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Summary

This Recommendation provides the essential technical requirements for aircraft earth stations (AES) of aeronautical mobile-satellite service (AMSS) networks operating in the band 14‑14.5 GHz (Earth-to-space) that should be used by administrations as a common technical basis for: establishing conformance requirements for AES, facilitating the licensing of AES, facilitating the developments of mutual recognition of conformance of AES, and facilitating the development of mutual recognition arrangements to facilitate the circulation and use of AES.

The ITU Radiocommunication Assembly,

considering

a)
that various technically and operationally different AMSS networks have been designed to commence operation in the near future;

b)
that these AMSS networks are expected to provide a variety of broadband communication services (access to Internet, e‑mail, internal corporate networks on board aircraft) on a global basis;

c)
that the AES are expected to operate within AMSS networks on international airlines and, therefore, free circulation of these AES around the world would be an important factor for the AMSS networks;

d)
that circulation of terminals among administrations is usually a subject of a number of regulations including satisfactory conformance to an agreed technical standard;

e)
that there is a need for identifying the essential technical requirements for the conformance testing of AES;

f)
that the identification of essential technical requirements for AES would provide a common technical basis for facilitating conformance testing of AES by various national authorities and the development of mutual recognition arrangements for conformance of AES and mutual recognition arrangements for circulation of AES among administrations;

g)
that the essential technical requirements should achieve an acceptable balance between equipment design and production cost and the need for effective use of the radio-frequency spectrum and should be impartial with respect to all AMSS technologies, subject to the protection of other radio systems,

considering also

a)
that the frequency band 14-14.5 GHz is allocated to FSS (Earth-to-space), radionavigation service, fixed and mobile (except aeronautical mobile) services on a primary basis; that secondary services allocated in the band 14-14.5 GHz or in parts of the band include mobile-satellite (except aeronautical mobile-satellite) service (Earth-to-space), Earth exploration‑service, radio astronomy service, and radionavigation-satellite service;

b)
that a secondary allocation for AMSS in the 14‑14.5 GHz frequency band will be considered at WRC‑03;

c)
that there is a need to protect other services operating in the band 14‑14.5 GHz;

d)
that results of the studies conducted in accordance with Resolution 216 (WRC‑2000) showed the feasibility of using the band 14-14.5 GHz by AMSS (Earth-to-space) on a secondary basis;

e)
that the identification by ITU‑R of essential technical requirements for AES operating in the band 14-14.5 GHz would prevent harmful or unacceptable interference to other services;

f)
that essential technical characteristics should be measurable and controllable,

noting

1
that typical AMSS network characteristics in the band 14-14.5 GHz are provided in Annex 2 and a method for derivation of a lower hemisphere e.i.r.p. mask from a pfd mask is presented in Annex 3,

recommends
1
that the essential technical requirements for aircraft earth stations of AMSS networks operating in the band 14-14.5 GHz (Earth-to-space) given in Annex 1 should be used by administrations as a common technical basis for:

a)
establishing conformance requirements for AES;

b)
facilitating the licensing of AES operations;

c)
facilitating the development of mutual recognition arrangements of conformance of AES;

d)
facilitating the development of mutual recognition arrangements to enable the free circulation and use of AES.

NOTE 1 - Invites the Secretary General of ITU to bring this Recommendation to the attention of ICAO. 

ANNEX 1

Essential technical requirements for aircraft earth stations of 
aeronautical mobile-satellite service networks operating 
in the band 14-14.5 GHz (Earth-to-space)

Section A: Related to the protection of fixed‑satellite service networks

1
AMSS networks should be designed, coordinated and operated in such a manner that the aggregate off-axis e.i.r.p. levels produced by all co-frequency AES within AMSS networks are no greater than the interference levels that have been accepted by other satellite systems.

2
The design, coordination and operation of an AMSS network should, at least, account for the following factors which could vary the aggregate off-axis e.i.r.p. levels generated by the AESs:

2.1
mispointing of AES antennas. Where applicable, this includes, at least, effects caused by bias and latency of their pointing systems, tracking error of closed loop tracking systems, misalignment between transmit and receive apertures for systems that use separate apertures, and misalignment between transmit and receive feeds for systems that use combined apertures;

2.2
variations in the antenna pattern of AESs. Where applicable, this includes, at least, effects caused by manufacturing tolerances, aging of the antenna and environmental effects. AMSS networks using certain types of AES antennas, such as phased arrays, should account for variation in antenna pattern with scan angles (elevation and azimuth). Networks using phased arrays should also account for element phase error, amplitude error and failure rate;

2.3
variations in the transmit e.i.r.p. from AESs. Where applicable, this includes, at least, effects caused by measurement error, control error and latency for closed loop power control systems. Network Control and Monitoring Centre (NCMC) that calculate the e.i.r.p. of AESs based on the received signal should account for error sources and latency in this calculation. NCMC that calculate the e.i.r.p. of AESs based on input power should account for measurement error and reporting latency.

3
AESs that use closed loop tracking of the satellite signal should employ an algorithm that is resistant to capturing and tracking adjacent satellite signals. AESs should immediately inhibit transmission when they detect that unintended satellite tracking has happened or is about to happen.

4
AESs should be subject to the monitoring and control by a NCMC or equivalent facility. AESs should be able to receive at least "enable transmission" and "disable transmission" commands from the NCMC. AESs should cease transmissions immediately on receiving any "parameter change" command, which may cause harmful interference during the change, until it receives an "enable transmission" command from its NCMC. In addition, it should be possible for the NCMC to monitor the operation of an AES to determine if it is malfunctioning.

5
AESs should also be self-monitoring and should a fault which can cause harmful interference to FSS networks be detected, the AES should automatically mute its transmissions.

Section B: Related to the protection of fixed service

1
In the 14-14.5 GHz frequency band as used by fixed service networks, within line-of-sight of the territory of an administration where fixed service networks are operating in this band, the maximum power flux‑density produced at the surface of the Earth by emissions from a single AES, should not exceed:


–132 + 0.5*
dB(W/m2/MHz)
for
  
10

–127
dB(W/m2/MHz)
for
10 
  
90
where  is the angle of arrival of the radio-frequency wave (degrees above the horizontal).

NOTE 1 - The aforementioned limits relate to the power flux‑density and angles of arrival that would be obtained under free‑space propagation conditions.

NOTE 2 - An e.i.r.p. mask can be derived from the aforementioned pfd mask by applying the method given in Annex 3 of this Recommendation.

Section C: Related to sharing with the radio astronomy service

[One method of achieving co-frequency compatibility between AMSS and RA observatories can be based on the AES ceasing transmissions when in the visibility of the RA station. Band avoidance is another method of ensuring compatibility. Alternatively, if an AMSS operator intends to operate co‑frequency within the visibility of the RA station, a specific agreement with the RA station will be needed to ensure that AMSS AESs will meet the requirements of ITU-R RA.769 and ITU-R RA.1513 within the 14.47-14.5 GHz band during observations and that observatories provide advance information to AMSS operators regarding observation schedules. 

AES transmission frequencies below 14.47 GHz, within visibility of radio astronomy stations during radio astronomy observations, should be attenuated to meet Recommendations ITU-R RA.769 and ITU-R RA.1513 limits within the 14.47-14.5 GHz band. Such attenuation may be met by the AES transmitter through a combination of reduced signal power, other design techniques and maintaining adequate frequency separation between the AES transmissions and the 14.47‑14.5 GHz band.]

Section D: Related to sharing with the space research service

[The main mechanism for interference between AMSS and SRS occurs when an AES transmits in or near the main beam of the SRS antenna. In such a situation, coordination between the two systems is the most appropriate method for ensuring compatibility. Coordination agreements between AMSS and Space Research systems can be developed based on controlling the emissions levels of the AES in the frequency band used by the SRS systems when operating in the vicinity of the Space Research earth station. Specifics of the agreements will vary based on the characteristics of the individual SRS sites and the AMSS networks. Such emissions restrictions are feasible for the AMSS.]

ANNEX 2

Typical characteristics of AMSS networks in the 14-14.5 GHz band

A
AMSS overview

AMSS networks have been designed to provide in-flight data (access to Internet, e‑mail, internal corporate networks on board aircraft) and entertainment content to passengers and operators of commercial and business aircraft.

These networks are composed of four segments: a space segment which consists of 14.0-14.5 GHz band uplink transponders, an aircraft earth station (AES) segment which consists of AES terminals installed on multiple aircraft, an earth station (ES) segment which consists of one or more ES, and a network control and monitoring centre (NCMC) segment which, among other functions, controls the aggregate emissions of the AMSS network in order to prevent interference to co-frequency FSS systems. The ES segment is connected to the NCMC segment with redundant high speed data connections. Redundant ESs and NCMCs may be included in the system.
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Figure 1-1

AMSS network segments

The communication service to each aircraft in the system consists of two parts: one or more forward links and a return link. Each forward link carries data from the ES, via satellite, to the AES. Multiple AES terminals share a forward link transponder signal. The return link carries data from the AES terminals to the ES, via satellite, and uses transponders that are separate from the forward link. Each AES may transmit at variable data rates. Return link transponders will be shared by multiple AES terminals using code division multiple access.
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Figure 1-2

Airborne terminal links

Transmissions from the AES are under positive control of the NCMC. This control includes AES terminals entry into the network, authorization of transmission frequencies, authorizations to change the transmit power and data rate, and control of the authorized transmit power level.

Positive control of AES terminals is essential to maintaining control of aggregate off-axis emissions towards other satellites. Features are included in the system design to ensure that no transmissions take place from an AES unless it is under positive control. In addition, the system will include methods to identify and shut down malfunctioning terminals.

The NCMC ensures that the aggregate off-axis emissions from a group of co-frequency AES terminals are no greater than the interference levels that have been accepted by other satellite systems. 

The AES antenna(s) are mounted on top of the aircraft and they point to one single orbital position. The conductivity of the AES surface and the location of the antenna on the crown of the aircraft significantly reduce the radiation towards the ground. The back lobe performance can also be improved by applying surface treatments to the ground plane.

AMSS networks will protect terrestrial services by limiting emissions towards the ground in locations and frequency bands where terrestrial services are present. The NCMC is aware of the location of AES terminals within its AMSS network and can enforce operational limits based on the location of AES terminals. In order to protect FS, AMSS networks can restrict AES terminal pfd or e.i.r.p. when AES terminals are visible to territories where FS is present. In order to protect RA and SR, AMSS networks can restrict AES terminal operating frequencies and power when AES terminals are visible to specific RA and SR sites. Operational limits may be tailored to the needs of specific sites and territories.

B
Specific systems

Table 1-1 gives typical characteristics of AES uplinks. These characteristics are provided as examples of specific AMSS networks.

Table 1-1

Typical AMSS networks characteristics

	System:
	
	System A
	System B

	Technical Information:
	
	
	

	 
	Transmit Band:
	GHz
	14.0 to 14.5
	14.0 to 14.5

	 
	Transponder BW:
	MHz
	27 to 36
	36

	 
	Transmit Carrier Band:
	MHz
	24.3 to 32.4
	33

	 
	Transmit Antenna Type:
	
	Phased array
	Steerable

	 
	Transmit Antenna Aperture:
	Cm
	38 (diameter)
	20  90

	 
	Transmit Antenna Maximum Scan Angle:
	Degrees
	63° (specified)
	80°

	 
	Transmit Ant. Gain (pointed @ zenith):
	dBi
	33.3
	33 @14 GHz

	 
	                                (at max. scan angle):
	dBi
	29.2
	33 @14 GHz

	 
	Transmit Beam Pointing Errors (r.m.s.):
	Degrees
	0.15
	0.3

	 
	Transmit Antenna Polarization:
	
	Linear
	Linear or Circular

	 
	Carrier e.i.r.p. (min/avg/max):
	dBW
	28.7             34.7              46.2
	30                 40                 49

	 
	Carrier Info Data Rates (min/avg/max):
	kbit/s
	16                 64               1024
	16                128              1024

	 
	Aggregate AES e.i.r.p./transponder
	dBW
	48
	49

	 
	Off-axis e.i.r.p.:
	
	Recommendation ITU-R S.728-1
	Recommendation ITU-R S.728-1

	 
	Transmit Modulation:
	
	O-QPSK
	QPSK

	 
	G/T Satellite:
	dB/K
	1
	1

	 
	Number of Carriers per Transponder:
	
	15 to 30
	(8 carriers at 128 kbit/s


ANNEX 3

Derivation of a lower hemisphere e.i.r.p. mask from a pfd mask

In testing AMSS equipment to determine if it meets a given pfd mask, it may be useful to determine an equivalent e.i.r.p. mask that can be used for testing purposes.

The pfd mask, pfd(θ) where θ is the angle of arrival at the Earth's surface, can be used to mathematically determine an e.i.r.p. mask, e.i.r.p.(γ, alt) where γ is the angle below the local horizontal plane and alt is the altitude of the aircraft. This conversion proceeds in two steps. First, γ is converted to an equivalent angle of arrival, θ. Then the length of the propagation path for angle of arrival θ is determined and used to calculate the spreading loss for the path and the resulting e.i.r.p.

Calculation of an angle of arrival in degrees, θ, from γ and alt:


γ' =
90° – γ


θ' =
180° – ASIN(SIN(γ')/R4/3*(R4/3+alt))

where:


R4/3 =
4/3 Earth radius (8 504.2 km)


alt=
altitude of the aircraft in km.

If the argument of the ASIN function is greater than 1, the propagation path in the direction of the angle γ does not intersect the Earth. In this case, which occurs for values of γ of about 2 degrees or less, a value for θ does not exist and so there is no defined value for the pfd mask. 


θ =
θ' –90°

Calculation of the e.i.r.p. value from the defined pfd(θ):


r =
SQRT(R4/32 + ( R4/3+alt) 2 –2* R4/3*( R4/3+alt)*COS(180- γ'- θ'))


e.i.r.p.(γ, alt) =
pfd(θ) + 10*LOG10((4* π *r2)) + 60.

The graph in Figure 1 shows this function for various aircraft altitudes based on the pfd mask provided in Annex 1, Section B of this Recommendation,

where:


r is the distance between the AES and the considered point on the Earth's surface, in km


pfd(θ) is in dB(W/m2/MHz)


e.i.r.p. is in dB(W/MHz).
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Figure 1

e.i.r.p. mask derived from pfd mask
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Chart1

		3.0661915345		2.6557959097		2.4245797584		1.5337822327

		3.2249923568		2.8376990002		2.6225922319		1.8309148127

		3.6602883758		3.3242121693		3.1426420253		2.5202246598

		4.2886986028		4.0058462505		3.8565805089		3.3690262117

		5.0384768208		4.80018621		4.6764337111		4.2835341249

		5.8632455404		5.6599766543		5.5555067255		5.2293893409

		6.7355127783		6.5595309922		6.4697047906		6.192243691

		7.6390247063		7.4845253059		7.4060317276		7.165247456

		8.5638976789		8.4265859098		8.3570527514		8.1447639406

		9.5038972978		9.3805723345		9.3182698018		9.1286968773

		10.4549440765		10.3431850866		10.2868249563		10.1157575689

		11.414276778		11.312222062		11.2608247759		11.1051119793

		12.3799691056		12.2861631248		12.2389693134		12.0961972568

		14.325279754		14.2447288009		14.204263837		14.0820978503

		16.2836058961		16.2132329712		16.1779158288		16.071434726

		18.2507567027		18.1884478544		18.1571991786		18.0630721777

		20.2241556504		20.1684006558		20.1404526818		20.0563244483

		25.1753265837		25.1316491845		25.1097720989		25.043986457

		30.1417665408		30.1064196604		30.0887226075		30.0355366336

		35.11697233		35.087792511		35.0731868237		35.0293064682

		40.0976535685		40.0732849369		40.0610894523		40.0244582213

		45.081965652		45.0615072125		45.0512697625		45.0205244285

		50.0687918843		50.0516188676		50.0430261292		50.0172229528

		55.0574138675		55.0430795862		55.035907655		55.0143726711

		60.047345436		60.0355239037		60.029609435		60.0118511989

		65.0382425888		65.0286933243		65.0239158494		65.0095720394

		70.0298515575		70.0223972136		70.0186679074		70.0074714416

		75.0219772035		75.0164890153		75.0137433945		75.0055004182

		80.0144627671		80.0108510191		80.0090441601		80.0036196385

		85.007176153		85.005384049		85.0044875139		85.0017959739

		90		90		90		90



Altitude (km)

12.2

9.1

7.6

3.0

Angle below horizontal (degrees)

e.i.r.p. (dBW/MHz)

-7.8374086083

-9.087573767

-9.8797751761

-13.8603423176

-10.1195376843

-11.7830358756

-12.8655623807

-18.6824303819

-12.1575001919

-14.1246861353

-15.4069912738

-22.2455867732

-13.8510412792

-16.0062594171

-17.4029601192

-24.7215828272

-15.216603163

-17.4836340658

-18.9444249011

-26.5013234744

-16.30977421

-18.6448622948

-20.1431463666

-27.8300220022

-17.1859690375

-19.564299263

-21.0857966674

-28.8498403032

-17.890089226

-20.2971455973

-21.8337996699

-29.6469095422

-18.4564375332

-20.8833627874

-22.4303762374

-30.2764357654

-18.9109178651

-21.3520752886

-22.9064467271

-30.7756246063

-19.2732080972

-21.7248701394

-23.2846389285

-31.1706260919

-20.0584433549

-22.5180599285

-24.0818968622

-31.9804710712

-20.7784337568

-23.2442077642

-24.8111825387

-32.7194171589

-22.0582363136

-24.5327642971

-26.104183246

-34.0260285822

-23.1678110407

-25.648122783

-27.2224671299

-35.153226273

-24.1443511692

-26.6286753936

-28.2050441509

-36.1419506962

-25.0139926118

-27.5012104286

-29.0790364992

-37.0203577457

-26.8338203148

-29.3255155722

-30.905592367

-38.8537143897

-28.2843945924

-30.7785374145

-32.3598423593

-40.3116664475

-29.4708815492

-31.9665015378

-33.5485469516

-41.502600036

-30.4565691153

-32.9531445006

-34.5356685324

-42.4911611626

-31.2823129922

-33.7795379703

-35.3623872888

-43.3188577415

-31.9758558563

-34.4735388194

-36.0566174092

-44.0137768007

-32.5567393648

-35.0547535399

-36.6379979046

-44.5956553

-33.0390866166

-35.5373441181

-37.1207102505

-45.0787333769

-33.433268108

-35.9317053617

-37.5151614392

-45.4734546612

-33.7469421288

-36.2455112238

-37.829033266

-45.7875245718

-33.985724192

-36.4843874627

-38.0679566226

-46.0265893865

-34.1536247574

-36.6523512179

-38.235951992

-46.194679672

-34.2533343892

-36.7520972363

-38.3357162131

-46.2944985438

-34.2864022802

-36.7851770113

-38.368801934

-46.327602118



PFD to gain

		Link equations as a function of elevation angle										29-Oct-01

		Constants												4/3 Earth

		Elevation angle				9				Re		6378.145		8,504.193

		Frequency (MHz)				137.5				rad2deg		57.30

		AMSS bandwidth (MHz)				24.3

		Victim service BW(MHz)				1.000

		Link equation

		Altitude (ft)				10,000		25,000		30,000		40,000								8,504.193333

		Altitude (km)				3.0		7.6		9.1		12.2

		Rsat				8507.24		8511.81		8513.34		8516.39

		elevation angle(deg)				9.00		9.00		9.00		9.00

		elevation angle(rad)				0.16		0.16		0.16		0.16

		off-nadir angle(deg)				80.871		80.68		80.62		80.50														pfd curve

		Angle below horizontal (Deg)				9.129		9.318		9.381		9.504

		Central angle(degrees)				0.129		0.32		0.38		0.50														Elev		PFD

		Central angle(radians)				0.002246		0.01		0.01		0.01														0.0		-132.0

		range(km)				19.3470		47.87		57.25		75.83														5.0		-129.5

																										10.0		-127.0

		Max eirp				46.00		46.00		46.00		46.00														90.0		-127.0

		max eirp in		1.0 MHz		32.1		32.1		32.1		32.1

		eirp asumed in		1.0 MHz		23.2		23.2		32.1		32.1

		PFD Model				Ramped		Ramped		Ramped		Ramped

		PFD value				-127.5		-127.5		-127.5		-127.5

		Spreading loss				-96.7		-104.6		-106.1		-108.6

		Allowed Aircraft eirp				-30.776		-22.9		-21.4		-18.9

		Antenna gain as a funcion of zenith angle

		Elev Angle		Zenith 1		3.0		Zenith 2		7.6		Zenith 3		9.1		Zenith 4		12.2		-12.0411998266		Gain

		9.0		9.1		-30.8		9.3		-22.9		9.4		-21.4		9.5		-18.9		-11.9

		0.0		1.5		-13.9		2.4		-9.9		2.7		-9.1		3.1		-7.8		-6.0		-18.7

		1.0		1.8		-18.7		2.6		-12.9		2.8		-11.8		3.2		-10.1		-8.6		-18.8

		2.0		2.5		-22.2		3.1		-15.4		3.3		-14.1		3.7		-12.2		-10.1		-19.3

		3.0		3.4		-24.7		3.9		-17.4		4.0		-16.0		4.3		-13.9		-10.9		-20.0

		4.0		4.3		-26.5		4.7		-18.9		4.8		-17.5		5.0		-15.2		-11.3		-20.8

		5.0		5.2		-27.8		5.6		-20.1		5.7		-18.6		5.9		-16.3		-11.5		-21.7

		6.0		6.2		-28.8		6.5		-21.1		6.6		-19.6		6.7		-17.2		-11.7		-22.6

		7.0		7.2		-29.6		7.4		-21.8		7.5		-20.3		7.6		-17.9		-11.8		-23.5

		8.0		8.1		-30.3		8.4		-22.4		8.4		-20.9		8.6		-18.5		-11.8		-24.4

		9.0		9.1		-30.8		9.3		-22.9		9.3806		-21.4		9.5		-18.9		-11.9		-25.4

		10.0		10.1		-31.2		10.3		-23.3		10.3		-21.7		10.5		-19.3		-11.9		-26.3

		11.0		11.1		-32.0		11.3		-24.1		11.3		-22.5		11.4		-20.1		-11.9		-27.3

		12.0		12.1		-32.7		12.2		-24.8		12.3		-23.2		12.4		-20.8		-11.9		-28.3

		14.0		14.1		-34.0		14.2		-26.1		14.2		-24.5		14.3		-22.1		-12.0		-28.5

		16.0		16.1		-35.2		16.2		-27.2		16.2		-25.6		16.3		-23.2		-12.0		-28.5

		18.0		18.1		-36.1		18.2		-28.2		18.2		-26.6		18.3		-24.1		-12.0		-29.2

		20.0		20.1		-37.0		20.1		-29.1		20.2		-27.5		20.2		-25.0		-12.0		-31.2

		25.0		25.0		-38.9		25.1		-30.9		25.1		-29.3		25.2		-26.8		-12.0		-36.1

		30.0		30.0		-40.3		30.1		-32.4		30.1		-30.8		30.1		-28.3		-12.0		-41.1

		35.0		35.0		-41.5		35.1		-33.5		35.1		-32.0		35.1		-29.5		-12.0		-43.5

		40.0		40.0		-42.5		40.1		-34.5		40.1		-33.0		40.1		-30.5		-12.0		-43.5

		45.0		45.0		-43.3		45.1		-35.4		45.1		-33.8		45.1		-31.3		-12.0		-43.5

		50.0		50.0		-44.0		50.0		-36.1		50.1		-34.5		50.1		-32.0		-12.0		-43.5

		55.0		55.0		-44.6		55.0		-36.6		55.0		-35.1		55.1		-32.6		-12.0		-43.5

		60.0		60.0		-45.1		60.0		-37.1		60.0		-35.5		60.0		-33.0		-12.0		-43.5

		65.0		65.0		-45.5		65.0		-37.5		65.0		-35.9		65.0		-33.4		-12.0		-43.5

		70.0		70.0		-45.8		70.0		-37.8		70.0		-36.2		70.0		-33.7		-12.0		-43.5

		75.0		75.0		-46.0		75.0		-38.1		75.0		-36.5		75.0		-34.0		-12.0		-43.5

		80.0		80.0		-46.2		80.0		-38.2		80.0		-36.7		80.0		-34.2		-12.0		-43.5

		85.0		85.0		-46.3		85.0		-38.3		85.0		-36.8		85.0		-34.3		-12.0		-43.5

		90.0		90.0		-46.3		90.0		-38.4		90.0		-36.8		90.0		-34.3		-12.0		-43.5

		Maximum		0.0		-16.5		0.0		-12.5

		Normal factor		0.0		0.0		0.0		0.0

		delta to pfd limit		0.0		16.5		0.0		12.5
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PFD to gain
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antenna data

		

		Conexion Wing						Measured Mask

		Off-zenith angle		Antenna gain(dBi)				Off-zenith angle		Nose		Wing

		0		31.0				0		31.0		31

		89.9999		31.0				89.9999		31.0		31

		90		-40.0				90		-50.0		-40

		150		-90.0				92.5		-100.0		-40

		180		-90.0				102.5		-100.0		-50

								107.5				-50

								122.5				-65

								180				-65

										Original Mask

										90		-40

										115		-65

										150		-65

										170		-65

										180		-65
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Measured Mask

Original Mask

Off-zenith angle (degrees)

Gain (dB relative to mainbeam)
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