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APPENDIX	


HANDBOOK ON RADIO FREQUENCY SPECTRUM REQUIREMENTS 
FOR CIVIL AVIATION

PART II _ Frequency assignment planning
Frequency assignment planning criteria for 
aeronautical radio communication and navigation systems


Chapter 1
		
Aeronautical VHF radio air-ground radio communication systems 
operating in the band 117.975 – 137 MHz

1.		Introduction

1.1		The frequency band 108 – 137 MHz is allocated by the International Telecommunication Union (ITU) to the Aeronautical Mobile (Route) Service (AM(R)S)and used for air-ground voice and air-ground as well as air-air data link communications. The ITU has published details concerning the allocation for all radio services in its Radio Regulations, Recommendations and Resolutions as well as ITU-R Recommendations. Part I of this Handbook includes details relevant to this allocation as agreed within the ITU. The use of the band 112 – 137 MHz by aviation is in full accordance with the provisions of the ITU, as contained in the ITU Radio Regulations

Note: The AM(R)S allocation in the band 108 – 117.975 is conditional to ITU Resolution 413 (WRC-07). Frequency assignment planning criteria [have been] [are being] developed for VDL Mode 4 when operating in the frequency band 112 – 117.975 MHz.  These planning criteria are addressed in the Chapter Navigation systems. Frequency planning criteria for operation of other AM(R)S systems in this band have not been developed.

1.2		ICAO documents relevant to frequency assignment planning.

1.2.1		ICAO documents relevant for frequency assignment planning include:

Annex 10 Volume III (Communication systems), 
	Part I (Digital data communication systems) – Chapter 6 - VDL Mode 2 and VDL Mode 4
	Part II (Voice communication systems) – Chapter 2 – Aeronautical Mobile Service 
Annex 10 Volume V  Chapter 4 – Utilization of frequencies above 30 MHz and Attachment A – Considerations affecting the deployment of VHF communication frequencies 
ICAO Regional Air Navigation Plans 

2. 		General 

2.1		The use of common frequencies, preferably Region wide, to satisfy requirements for specific application such as light aviation, gliding and balloon activities is recommended as such use increases the efficiency in frequency assignment planning. Normally, these applications operate on a non-protected basis. 

2.2		Frequencies for aeronautical operational control are not protected through frequency planning. These frequencies are normally assigned on the basis of the traffic loading that is expected. (E.g. within the same area, smaller airlines can share the same frequency for operational control purposes. 

2.3		The risk of interference from FM broadcasting stations operating in the band 87 – 108 MHz is generally not considered. 

2.4		ICAO frequency assignment planning does not protection against interference that may be caused in case facilities are co-located (e.g. interference due to intermodulation products)

2.5		Frequency coordination must take place with all States which may be affected by a proposal for a new frequency assignment or where the characteristics of an existing assignment are modified. Normally, such coordination is effected through the ICAO Regional Offices which have a central and coordinating role in frequency assignment planning.

3.		Allotment tables

3.1		Annex 10, Volume V (paragraph 4.1.1. and Table 4.1) includes the allotment table for the world wide utilization of the band. This allotment plan mainly sub-divides the frequency band into parts to be utilized for international and national aeronautical mobile services as well as parts to be used for national aeronautical mobile services. 

3.2		This allotment plan also provides for specific frequencies to be used as follows:

 121.5 MHz – Emergency frequency; the guard band for this frequency includes the band 
121.425 – 121.575 MHz. 
121.6 – 121.9917 MHz (121.975 where 25 kHz channel spacing is deployed) – This band is reserved for ground movement communications, pre-flight checking and ATS clearance services.
123.1 MHz – Auxiliary frequency for SAR purposes. The guard band for this frequency includes the band 123.075 – 123.125 MHz.
123.450 MHz – Air to air communications channel; to be used when the aircraft is out of the range of VHF ground stations.
136.975 – Common signalling channel for VDL; this channels uses the VDL Mode 2 modulation scheme. 
Frequencies in the band 136.500 – 137 MHz are not available for assignment to channels with a bandwidth of less than 25 kHz. 

3.3		In addition to this general allotment plan, all Regions have developed a more detailed allotment plan through which operational services are allotted to certain frequency bands. Appendix D contains an overview of these allotment plans. The detailed allotment plan is included in the program eANPCOMlists.

3.4		It should in particular be noted that the Regional frequency allotment plans include provisions for sub-bands for aeronautical operational control (AOC) communication. Frequency assignments should preferably be made in accordance with the provisions of the Regional allotment table. However, in case a particular requirement for a frequency assignment cannot be made from within the frequencies that are allotted to a particular service, other allotments to satisfy the requirement can be considered.  


4.		Services and designated operational coverage. 

4.1		Frequency assignments are made to implement specific basic aeronautical services as follows:

Aerodrome
TWR	Aerodrome control service
AS	Aerodrome surface communications
AFIS	Aerodrome flight information service

Approach
APP	Approach control service
ATIS	Automatic terminal information service

En route
FIS	Flight information service
ACC	Aera control service

Other functions
A/A	Air-to-air
A/G	Air-to-ground
AOC	Aeronautical operational control
VOLMET	Meteorological broadcast for aircraft in flight
GPS	VHF En-Route General Purpose System 

EMERGENCY	Emergency 
SAR		Search and rescue

Note:		Other specific services may be used. In addition to the table of uniform values, the DOC (Range, Heaght) need to be provided.  

4.1.1		No specific assignments are necessary to be coordinated for the Emergency frequency (121.500 MHz) and the SAR frequency (123.100 MHz) as these frequencies are used globally at each station where this service is required. Also, no specific assignments are required for the air-to-air communication channel 123.450 MHz as this channel is to be used only in remote and oceanic areas when the aircraft is outside VHF coverage. 
    
4.2	Table of uniform values for designated operational coverage (DOC) 

	Service
	Designated Operational Coverage
	
	

	
	Range (NM)
	Height (ft)
	Comments
	

	Aerodrome
	
	
	
	

	TWR
	25
	4000*
	
	

	PAR
	25
	4000*
	Also APP-PAR
	

	AFIS
	15
	3000*
	
	

	AS
	Limits of aerodrome
	surface
	
	

	
	
	
	
	

	Approach
	
	
	
	

	APP–L
	50
	12000
	Also APP-SR-L
	

	APP–I 
	75
	25000
	Also APP-SR-I
	

	APP–U 
	150
	45000
	Also APP-SR-U
	

	ATIS
	60
	20000
	
	

	
	
	
	
	

	En-Route
	
	
	
	

	ACC–L 
	Area
	25000
	Within specified area; also ACC-SR-L
	

	ACC-I
	Area
	25000
	Within specified area; also ACC-SR-I
	

	ACC–U
	Area
	45000
	Within specified area; also ACC-SR-U
	

	FIS
	Area
	45000
	Within specified area
	

	VOLMET
	260
	45000
	Maximum coverage
	

	
	
	
	
	

	Other functions
	
	
	
	

	A-A
	-
	-
	DOC to be determined by States
	

	A-G
	-
	-
	DOC to be determined by States
	

	AOC
	Not protected
	Not protected
	
	

	EMERG
	N/A
	N/A
	
	

	SAR
	N/A
	N/A
	
	

	GPS
	
	
	To be determined by States
	


Table 1
Notes:
* Height above ground

Additional functionality may be added to the services as follows:
CD	Clearance delivery
CTA	CTA
DF 	Direction finding
ER	Extended range
RCAG	Remote controlled air-ground communications

		These additions do not alter the basic service or the DOC for which the frequency is required and should preferably be included as a remark to the frequency assignment in the COM list. 

4.2.1 		Non standard DOC (Range and Height) may be implemented as and when required. Reduced DOC may alleviate frequency congestion. 

5.		Frequency planning criteria for services with a circular DOC

5.1		General

5.1.1		Protection of frequency assignments by frequency and distance separation is achieved through frequency and/or distance separation. Normally, the determining factor in frequency assignment planning is the risk of interference between two aircraft, operating within different DOC areas at the closest point. As normally the ground station is located well within the DOC area, the ground station is protected when the aircraft (receiver) is protected from harmful interference. Vice versa, the ground station is not causing harmful interference if the transmitter power is increased to 100 W or more.

5.1.2		The separation distances provided in this paragraph are the minimum distances that need to be maintained between the ground stations providing the service.

5.2		Co-channel separation distances – air-ground communication services

5.2.1		Protection of co-channel frequency assignments is normally obtained by securing that the interfering (unwanted) station is below the radio horizon (Radio Line Of Sight (RLOS)) of the victim receiver. Protection of the first adjacent channel is secured by maintaining a minimum separation of 10 NM between different DOC areas within which aircraft are operating. Methods for calculating of the distance separation, based on the general methodology for compatible analysis of aeronautical radio systems in Appendix A, are in Appendix B.

5.2.2		The protection ratio between a wanted (desired) and an unwanted (undesired) signal (D/U ratio) is either 14 dB or 20 dB, based upon Regional agreement or current practice. In areas where frequency assignment planning is based upon a D/U ratio of 14 dB, a 5 to 1 distance ratio may be used for co-frequency assignment planning in cases where the resulting separation distance is less than the distance to the radio horizon (Radio Line of Sight (RLOS)). For the first adjacent channel, an adjacent channel rejection of 60 dB is to be used for calculating interference distances. The minimum field strength for COM systems, as standardized in Annex 10 (75 µV/m) should be used in the calculations.  

5.2.3		5 to 1 distance ratio – In Regions where the protection ratio D/U = 14 dB, in order to protect a service with a circular DOC area, the separation distance from the edge of the service to another (unwanted) aircraft or ground station, operating on the same frequency (and outside the DOC area), should be 5 times the range of that circular DOC area; if the (unwanted) station is below the radio horizon (RLOS) from the edge of the circular DOC area, the distance to the radio horizon (RLOS) should be used. RLOS is the sum of the RLOS of each station.  This method for establishing the separation distance should not apply to area services. 

5.2.4		In Regions where the protection ratio D/U = 20 dB and in all cases for area services (ACC and FIS), the separation distance from the edge of the DOC (of the wanted) ground station A to another (unwanted) aircraft, operating on the same frequency (and outside the wanted DOC area), should be the sum of the distance to the radio horizon of each aircraft station. As shown in Figure 1, when the ground stations have a range of RA and RB respectively and RLOSa and RLOSb is the distance from the aircraft to the radio horizon, the minimum separation distance should be

			RA + RLOSa + RLOSB +RB 


Figure 1 – Separation distance based on RLOS



5.2.5		In Figure 2, the designated operational range for ground station A is RA and for ground station B is RB. The distance from aircraft station a to aircraft station b is 5 times the distance from aircraft station a to ground station A – aircraft station a is protected from interference from aircraft station b. Vice versa, the distance from aircraft station b to aircraft station a is less than 5 times the distance from aircraft station b to ground station B – aircraft station b is not protected from interference from aircraft station a.  Ground station B is well beyond the radio horizon (RLOS) from aircraft a and ground station A is well beyond the radio horizon of aircraft station B – both ground stations are protected from interference from the (unwanted) aircraft stations. 

		The minimum separation between the ground stations is the larger value of the following:

	  1x + 5x +1y  or 1y + 5y + 1x; in case this value is greater than 1x + RLOSa + RLOSb +1y, the latter value needs to be used. 


Figure 2 – Separation distance based on 5 to 1 distance ratio

5.3		Co-channel separation distances – broadcast services (ATIS and VOLMET)

5.3.1		To protect an aircraft receiving broadcasts from a ground station from interference from another ground station, operating on the same frequency, the minimum separation distance from the (wanted) aircraft to the (unwanted) ground station is RLOS + 30 NM. 



Figure 3 – Separation between broadcast services

For each of the aircraft (“a” and “b” in Figure 3), the distance to the radio horizon (RLOSa and RLOSb)needs to be calculated; the minimum distance to be maintained between the ground broadcast stations “A” and “B” respectively is the larger value of 

		RLOSb + RB + 30 or RLOSa+ RA + 30

Where: RA is the designated operational range for ground station “A”
	RB is the designated operational range for ground station “B”
	Rrha and Rrhb are at least 30 NM.			 

5.4		Co-channel separation distances – broadcast and air-ground services

5.4.1		In this case, two different interference mechanisms need to be analysed. The minimum separation distance can be calculated as follows:

	a. 	minimum separation distance between the two ground stations to protect the broadcast receiver (aircraft station “b”) from interference from the ground station providing the air-ground communication service (ground station “A”). As described in paragraph 5.3, this distance is 

		   RLOSb + 30 NM + Range broadcast station B		

	b.		minimum separation distance between the two ground stations to protect the broadcast receiver (aircraft station “b”) from interference from aircraft station “a”. As described in paragraph 5.2, this distance is 

		Range “A” + RLOSa + RLOSb +Range “B”			

The larger of the two distances determine the minimum separation that needs to be maintained between the two ground stations. 

5.5		Adjacent channel separation distances – air-ground communication services.

		The minimum separation between aircraft operating on the first adjacent channel is 10 NM.


Figure 4 – Adjacent channel separation air-ground services
		
		This brings the minimum separation between the two ground stations to:

					RA +10 NM +RB

5.6		Adjacent channel separation distances – broadcast services

		The minimum adjacent channel separation distance between an aircraft and an unwanted (interfering) ground broadcasting station is 13 NM. 


Figure 5 – Adjacent channel separation broadcast services
	The minimum separation between two ground broadcast stations, operating on adjacent channels, is the larger value of RB + 13 or RA + 13 NM 

Where: RA is the designated operational range for ground broadcast station “A”
	RB is the designated operational range for ground broadcast station “B”

5.7 		Adjacent channel separation distances – broadcast and air-ground services 

5.7.1		In this case, two different interference mechanisms need to be analysed. The minimum separation distance can be calculated as follows:

	a. 	minimum separation distance between the two ground stations to protect the broadcast receiver (aircraft station “b”) from interference from the ground station providing the air-ground communication service (ground station “A”). With the method as described in paragraph 5.6, this distance is

				RB +13 NM 

where RB is the designated operational range of the broadcast service.

	b.	minimum separation distance between the two ground stations to protect the broadcast receiver (aircraft station “b”) from interference from aircraft station “a”. With the method as described in paragraph 5.5, the minimum distance between the aircraft stations is 10 NM. The minimum distance between the ground stations is 

				RA +10 + RB

where: 	RA is the designated operational range of the air-ground communication service
	RB is the designated operational range of the broadcast service 

The larger of the two distances in 5.7.1.a and 5.7.1.b determine the minimum separation that needs to be maintained between the two ground stations. 

6.		Frequency planning criteria for area services

6.1		For area services, the separation distance is measured from the edge of the coverage of the area service. When the two services considered include a circular service, the separation distance is from the station providing the circular service to the closest point of the edge of coverage of the area service. 



Figure 6 – Minimum separation of area services

6.2		Co-channel

		In Figure 6, around the area services a buffer zone equal to RLOS for an aircraft at maximum altitude of the DOC. The minimum separation between the DOC of the area service is equal to the sum of the RLOS for each area service. This method provides frequency protection throughout the DOC of the area service.

6.2.2		When only a part of the DOC of the area service is covered by a ground station that has circular coverage (e.g. in cases where the DOC of the area service is very large), the separation distance is expressed as the distance from the closest point of the area service to the ground station. In this case, frequency protection is only afforded throughout the (technically available) coverage of the ground station. (E.g in case of an FIS-U coverage, with maximum altitude of FL 450, the maximum range of the ground station is 261 NM). Similarly, the minimum separation distance between the DOC of an area service and a circular service is established.

6.2.3		The method described in paragraph 6.1.1 is preferred since this method provides protection throughout the DOC.     

6.2.4		When the same frequency used by an area service is used by a broadcasting service (which is a circular service), the minimum separation is the larger value of the following:

	a.	to protect the aircraft receiver at the edge of coverage, the minimum distance to the ground broadcast transmitter should be at least the distance to the radio horizon (RLOS) + 30 NM

	b.	the minimum distance from the aircraft broadcast receiving to the airborne transmitter at the edge of the area service should be at least the sum of the distance to the radio horizon (RLOS) for each aircraft. The minimum distance from the edge of the DOC of the area service to the broadcast transmitter should be at least the sum of the distance to the radio horizon (RLOS) for each aircraft plus the range of the broadcast station. 

6.3		Adjacent channel separation for area services. 

6.3.1		The minimum separation distance between the DOC of two area services are to be separated (at the edge of coverage) by at least 10 NM when in each of the two areas the first adjacent channel is being used. 

6.3.2		The same condition applies when one of the services is a circular service. In this case, the minimum separation between the DOC of the area service and the ground station of the circular service is the range of the circular service + 10 NM   

6.3.3		When the adjacent frequency used by an area service is used by a broadcasting service (which is a circular service), the minimum separation is the larger value of the following:

	a.	to protect the aircraft receiver at the edge of coverage, the minimum distance to the ground broadcast transmitter should be at least 13 NM.

	b.	the minimum distance from the aircraft broadcast receiving to the airborne transmitter at the edge of the area service should be at least the sum of the distance to the radio horizon (RLOS) for each aircraft plus 13 NM. The minimum distance from the edge of the DOC of the area service to the broadcast transmitter should be at least 13 NM plus the range of the broadcast station.

7		Co – and adjacent channel consideration in a mixed environment where 8.33 kHz and 25 kHz channel spacing is being used. 

7.1		Co-channel separation criteria should be used when the 8.33 kHz channel and the 25 kHz channel use the same frequency (e.g. channel 119.000 and 119.005 operate both on the frequency 119.000 MHz.) 

7.2		Co-channel separation criteria should be applied between an 8.33 kHz channel and a 25 kHz channel which are separated by 8.33 kHz Mhz. (e.g. channels 119.010 and 118.990, using frequencies 119.0083 MHz and 118.9917 MHz respectively) are considered co-channel to 25 kHz channel 119.000 (119.000 MHz))  

7.3		At least [33] NM should be the separation distance between the edges of the DOC’s when the 8.33 kHz and a 25 kHz channel are separated by 16.67 MHz (e.g. channels 119.015 and 118.985, using frequencies 119.0167 MHz and 118.9833 MHz). 
Note: These channels are considered co-channel to the next 25 kHz channel (e.g. co-channel to 119.025 nd 118.975. 

7.4		At least 10 NM should be the separation between the edges of the DOC’s when the 8.33 KHz frequency and the 25 kHz frequency are separated by 20 kHz (i.e. the same criteria as for a 25 kHz adjacent channel.  





8.		VDL (VDL Mode 2 and VDL Mode 4). 

8.1		VDL operating co-channel with other VDL or DSB-AM (VHF voice) systems.

		The same planning criteria as used between VHF voice systems (20 dB protection ratio) should be used. The separation criteria are those as described in paragraph 5.2 above. 
Note: This applies to VDL vs DSB-AM as well as between VDL assignemtns)

8.2		VDL operating on adjacent channels:

		The 1st channel, adjacent to either a DSB-AM frequency or a VDL frequency should not be used in the same airspace.

		The 2nd channel, adjacent to a DSB-AM frequency should not be used in the same airspace for VDL Mode 4.

	
Vs.
	Interference source 

	
	DSB-AM
	VDL 2
	VDL 4

	Victim 
	DSB-AM
	
	1
	2

	
	VDL 2
	1
	1
	1

	
	VDL 4
	2
	1
	1


Table 2. 25 kHz guard channels between DSB-AM, VDL mode 2 and VDL mode 4

Note: The number in Table 4 are guard channels. The next channel that can be used without and frequency planning constrain is 1 higher (e.g. a desired DSB-AM station that is interfered by a VDL Mode 2 aircraft station requires one 25 kHz guard band channel. The next channel, 50 kHz away can be used in the same designated operational coverage without any frequency assignment planning constraint.  
8.3.		Attention is drawn to the possibility of interference between DSB-AM and VDL Mode 2/4 when these systems are used on the surface of an airport. Interference can occur if the channel separation (guard band) is four or less. In this case interference between aircraft stations can be prevented through securing that the minimum field strength of these systems is 70 dBm at the antenna. Any interference that may be caused in ground based receiving stations (i.e. not aircraft stations) can be mitigated through using cavity filters that block in these receivers the reception of unwanted signals from transmissions from aircraft operating on the surface of an airport.  

9 		Separation distances

9.1		Applying the methodology as described in Appendices A and B, separation distances between the edges of the DOC have been calculated using the distance to the radio horizon (RLOS) as below:      
	Symbol
	Service range (NM)
	Service height 
	Radio horizon

	TWR
	25 NM / 46km
	4000 ft /1200 m 
	78 NM

	AFIS
	25 NM / 46km
	4000 ft /1200 m 
	78 NM

	AS
	Limits of aerodrome
	Surface
	N/A

	APP-U
	150 NM / 280 km
	45000 ft/ 13700 m
	260 NM

	APP-I
	75 NM / 140 km
	25000 ft / 7600 m
	195 NM

	APP-L
	50 NM / 93 km
	12000 ft /3650 m
	134 NM

	ACC-U 
	Specified area 
	45000 ft /13700 m
	260 NM

	ACC-L
	Specified area 
	25000 ft / 7600 m
	195 NM

	FIS-U
	Specified area 
	45000 ft /13700 m
	260 NM

	FIS-L
	Specified area 
	25000 ft / 7600 m
	195 NM

	VOLMET
	260 NM / 480 km
	45000 ft / 13700m
	260 NM

	ATIS
	150 NM / 280 km
	45000 ft /13700 m
	260 NM 


Table 2 – distance to radio horizon with aircraft at maximum altitude

Note:	Radio horizon of the aircraft from the edge of DOC.

9.1.1		Automatic Terminal Information Service, or ATIS, is a continuous broadcast of recorded information in busier terminal (i.e. airport) areas. ATIS broadcasts contain essential information, such as weather information, which runways are active, available approaches, and any other information required by the pilots, such as important NOTAMs. As a terminal service, ATIS may not require a DOC greater than APP/U.
	Service
	TWR
	AFIS
	SMC
	APP-U
	APP- I
	APP-L
	ACC-U
	ACC-L
	FIS-U
	FIS- L
	VOLMET
	ATIS

	TWR
	156
(206)
	156
(206)
	103
(128)
	338
(513)
	273
(373)
	212
(287)
	338
*
	273
*
	338
*
	273
*
	338
(623)
	338
(623)

	AFIS
	156
(206)
	156
(206)
	103
(128)
	338
(513)
	273
(373)
	212
(287)
	338
*
	273
*
	338
*
	273
*
	338
(623)
	338
(623)

	AS
	103
(128)
	103
(128)
	50
	285
(435)
	220
(295)
	159
(209)
	285
*
	220
*
	285
*
	220
*
	285
(310)
	285
(310)

	APP-U
	338
(513)
	338
(513)
	285
(435)
	520
(820)
	455
(680)
	394
(594)
	520
*
	455
*
	520
*
	455
*
	520
(930)
	520
(820)

	APP-I
	273
(373)
	273
(373)
	220
(295)
	455
(680)
	390
(540)
	329
(454)
	455
*
	390
*
	455
*
	390
*
	455
(790)
	455
(680)

	APP-L
	212
(287)
	212
(287)
	159
(209)
	394
(594)
	329
(454)
	268
(368)
	394
*
	329
*
	394
*
	329
*
	394
(704)
	394
(594)

	ACC-U*
	338
	338
	285
	520
	455
	394
	520
	455
	520
	455
	520
	520

	ACC-L*
	273
	273
	220
	455
	390
	329
	455
	390
	455
	390
	455
	455

	FIS-U*
	338
	338
	285
	520
	455
	394
	520
	455
	520
	455
	520
	520

	FIS-L*
	273
	273
	220
	455
	390
	329
	455
	390
	455
	390
	455
	455

	VOLMET

	338
(623)
	338
(623)
	285
(545)
	520
(930)
	455
(790)
	394
(704)
	520
*
	455
*
	520
*
	455
*
	13
(533)
	10
(413)

	ATIS

	338
(513)
	338
(513)
	285
(435)
	520
(820)
	455
(680)
	394
(594)
	520
*
	455
*
	520
*
	455
*
	10
(413)
	13
(313)


Table 3 – Minimum geographical co-channel separation distances between limits of DOC
Note: All distances are in NM; values in brackets are separation distances between facilities for (circular) services

(Table 3A – separation distances based on 5:1 distance ratio (14 dB D/U) to be added)

* Area services; only distances between limits of DOC are given.

9.1.2		VOLMET and ATIS are one-way transmissions from a ground transmitter to the aircraft. Since the VOLMET DOC has been calculated upon the maximum coverage that can be obtained at 45000 ft (260 NM), protection between VOLMET stations can be secured if the separation distance between these service volumes is 13 NM, assuming a VOLMET transmitter height of 100ft. This distance would also be sufficient for the protection of ATIS from VOLMET transmissions. 

9.1.3		AS (aerodrome surface movement control) separation distances are calculated with an antenna height of 30 m (100ft). At 100 ft the radio horizon is 12.3 NM to which a buffer (12.7 NM) has been added (total 25 NM). Co-channel operation between AS assignments is 50 NM. Should the difference in height between the two aerodromes be significantly different, additional margins need to be added. Separation distances (between facilities) with airborne services have been calculated as the sum of 25 NM (AS) plus radio horizon plus DOC-range (or the airborne service). In case the airborne service is an area service (ACC or FIS), only the distance of the radio horizon to the nearest limit of the airborne service has been provided (25 NM plus range airborne service). Sharing with airborne services however is unlikely to occur since an (exclusive) sub-band has been allotted by ICAO for AS communication (121.600-121.975 MHz).  
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Appendix A

General methodology for compatibility analysis of aeronautical radio systems including the determination of frequency and distance separation for radio systems
1.		Introduction

1.1		This chapter describes a general methodology, which can be used in interference analysis for different radio systems. This methodology is mainly based on ITU-R Recommendation SM.337-4 which is an attempt to logically combine currently available models and parameters of both desired and undesired systems, e.g. signal power and spectral distribution, receiver selectivity, antenna patterns, propagation attenuation etc. For example, interference problems can be created by the power from an emission in one band overlapping into an adjacent band and interacting with a receiver tuned close to the band edge.
1.2		The following primary factors, which quantify the interactive effects between interfering transmitters and victim receivers for various frequency or distance separations are:
-	the frequency dependent rejection (FDR) which is a measure of the rejection produced by a receiver selectivity curve on an unwanted transmitter emission, and 
-	frequency / distance (FD) which is a measure of the minimum distance separation that is required between a victim receiver and an interfering transmitter as a function of difference between their tuned frequencies.

1.3		The frequency/distance rules are an important part of the frequency management process in most radio services. In channelized services, these rules take the following form: co-channel transmitters must be separated by at least d0 (NM), the adjacent channel transmitters must be separated by at least d1 (NM), transmitters separated by two channels must be at least d2 (NM) away and so on. The introduction of new technologies raises the question: what kind of FD rules should be applied when different systems occupy the same frequency band?

1.4		FD and FDR can provide solutions of co- and adjacent channel frequency sharing and adjacent band interference problems by providing estimates of minimum required frequency and geographic separation between interfering transmitters and victim receivers which are required for an adequate receiver performance. The FDR can be achieved through calculations as outlined below or by measurements. Preferably, the results of measurements should be applied when establishing the FDR.  
Note: 		Throughout this Chapter, upper-case letters are used to denote logarithmic values (dB) of the corresponding quantities designated with lower-case type, e.g. PD = 10 log pD. PD is the input power to the transmitting antenna (dB) relative to 1 W when pD is the input power (W).

2.		Methodology

2.1		The electromagnetic compatibility of radio equipment should be calculated by the following method:
a.	determine the desired signal level at the victim receiver front end;
b.	determine the resulting level of interference at the victim receiver’s front end;
c.	determine the interactive effects among wanted signals, interference and receiver 	characteristics for various frequency or distance separations;
d.	determine the appropriate ITU-R propagation model to be used; and
e.	determine, from these data, a relationship between the frequency separation and 	distance separation that the interference is considered tolerable.
2.2		Procedure

A compatibility analysis between an undesired transmitter and a victim receiver can be as follows:
2.2.1			Step 1:	Determine the desired signal level PD (dBW) at the victim receiver front end.
	

	

	(1)


where:
	PD :	desired signal level PD (dBW) at the victim receiver front end
	PTx_D :	output power of the desired transmitter (dBW)
	GTx_D():	gain of the desired transmitting antenna in direction of victim receiver with respect to an isotropic antenna (dBi)
	LTX_D_FL :	feeder link losses between output of the desired transmitter and the input of the desired transmitting antenna (dB)
	GRx(D) :	gain of the receiving antenna in direction of desired transmitter with respect to an isotropic antenna (dBi)
	LRX_FL :	feeder link losses between output of the receiving antenna and the input receiver (dB)
	LPOL_Rx_D :	loss due to polarization mismatch of receiving antenna with respect to desired transmitted signal (dB)
	Lb (dD ) :	basic transmission loss for a separation distance dD between desired transmitter and receiver (dB) (see Recommendation ITU-R P.341)
	 :	angle between boresight of transmitting antenna and receiving antenna
	D 	angle between boresight of receiving antenna and desired transmitting antenna

2.2.1.1		As an alternative approach the desired signal power level PD (dBW) at the victim receiver front end can be determined based on the minimum required field strength within the service volume. 

	
	

	(1a)



where:
	PD :	desired signal level PD (dBW) at the victim receiver front end
	E :	minimum required electric field strength at the edge of the service area (dB(V/m))
	f:	frequency (MHz)
	GRx(D) :	gain of the receiving antenna in direction of desired transmitter with respect to an isotropic antenna (dBi)
	LRX_FL :	feeder link losses between output of the receiving antenna and the receiver input (dB)
	LPOL_Rx_D :	loss due to polarization mismatch of receiving antenna with respect to desired transmitted signal (dB)
	D 	angle between boresight of receiving antenna and desired transmitting antenna

Note: 		When assuming the minimum field strength throughout the service volume than this approach is slightly more conservative since it does not take into account actual field strength values.

2.2.2.			Step 2:	Calculate the resulting level of interference at the victim receiver’s front end using the formula:

	
	

	(2)



where:
	PU :	undesired signal level PU (dBW) at the victim receiver front end
	PTx_U :	output power of the undesired transmitter (dBW)
	LTX_U_FL :	feeder link losses between output of the undesired transmitter and the input of the undesired transmitting antenna (dB)
	GTx_U():	gain of the undesired transmitting antenna in direction of victim receiver with respect to an isotropic antenna (dBi)
	GRx(U) :	gain of the receiving antenna in direction of undesired transmitter with respect to an isotropic antenna (dBi)
	LRX_FL :	feeder link losses between output of the receiving antenna and the input receiver (dB)
	LPOL_Rx_U :	loss due to polarization mismatch of receiving antenna with respect to undesired transmitted signal (dB)
	Lb (dU ) :	basic transmission loss for a separation distance dU between undesired transmitter and receiver (dB) (see Recommendation ITU-R P.341)
	FDR (Δf ) :	frequency depended rejection for a frequency separation Δf as expressed by equation (3)
	 :	angle between boresight of transmitting antenna and receiving antenna
	U 	angle between boresight of receiving antenna and undesired transmitting antenna

2.2.2.1		FDR is the rejection provided by a receiver to a transmitted signal as a result of the limited bandwidth of the receiver with respect to the transmitted signal and the detuning between the receiver and the transmitter. The FDR can be obtained through analysis of the spectral characteristics of the radio signals or by measurements with representative radio equipment.  

	
	
          dB
	(3)


where:
	p( f ) :		power spectral density of the interfering signal (W/Hz); and
	h( f ) :		normalized frequency response of the receiver.

	
	

	(4)


where:
	fRx :		receiver tuned frequency; and
	fTx_U :		interferer tuned frequency.

2.2.2.2		The FDR can be divided into two terms, the on-tune rejection (OTR) and the off-frequency rejection (OFR). The OTR is the rejection provided by a receiver selectivity characteristic to a co-tuned transmitter as a result of a transmitted signal exceeding the receiver bandwidth. The OFR is an additional rejection that results from off-tuning between interferer and receiver.

Note: 		FDR, OTR and OFR are considered as losses and defined below in a manner to ensure positive values:

	
	

	(5)


And in logarithmic values:

	
	
          dB
	(6)


where:
	
	
          dB
	(7)

	
	
          dB
	(8)


The on-tune rejection also called the bandwidth correction factor can often be approximated by:
[bookmark: F009]
	
	
         BR    BT
	(9)




where:
	BR :	interfered receiver 3 dB bandwidth (Hz)
	BT :	interferer transmitter 3 dB bandwidth (Hz)
	K =	10 for non-coherent signals
	K =	20 for pulse signals.

Note: OTR = 0        if BR    BT


2.2.3			Step 3:	The interference will be considered tolerable if the following inequality is satisfied:

	
	

	(10)



where:
	PD :	desired signal level PD (dBW) at the victim receiver front end
	PU :	undesired signal level PU (dBW) at the victim receiver front end
		protection ratio (dB)
	ASF	aviation safety factor (dB)


2.2.3.1		In some cases it is required to calculate the interference-to-noise ratio (I/N) at the IF output or demodulation input of the victim receiver. The interference will be considered tolerable if the following inequality is satisfied:

	
	

	(11)


where:
	I/N :	calculated interference-to-noise ration at the victim receiver input referred to the IF bandwidth (dB)
	(I/N)req :	required interference-to-noise ration at the victim receiver input referred to the IF bandwidth (dB)
	ASF	aviation safety factor (dB)

The noise at the receiver input referred to the IF bandwidth is given by:
	
	


	(12)


where:
	N:	receiver noise power (dBm)
	k:	Boltzmann’s constant
	T0	absolute temperature (K)
	BIF	receiver’s intermediate frequency bandwidth (Hz)
	NF	receiver noise figure (dB)

The I/N ratio is then given by:

	
	


	(13)




2.2.4		Step 4: Determine the appropriate ITU-R propagation model to be used

See Annex 1 for propagation models.

2.2.5		Step 5: Determine a relationship between the frequency separation and distance separation that the interference is considered tolerable


2.2.5.1			Substitute PD and PU of steps 1 and 2 above into equation (10) to derive or numerically compute a relationship between the frequency separation f and the distance separation dU such that the interference is considered tolerable.

Annex 1
Propagation Models

1	Free – Space Propagation Model

The propagation loss that would occur if the antennas were replaced by isotropic antennas located in a perfectly dielectric, homogeneous, isotropic and unlimited environment, the distance between the antennas being retained (see Recommendation ITU-R P.525).

	
	

	(A1-1)



where:
	Lbf :	free-space basic transmission loss (dB)
	d :	distance
	 :	wavelength, and
d and  are expressed in the same unit.

Equation (A1-1) can also be written using the frequency instead of the wavelength.

	
	

	(A1-2)



where:
	f :	frequency (MHz)
	d :	distance (km).

or

	
	

	(A1-3)



where:
	f :	frequency (MHz)
	d :	distance (NM)

2	Aeronautical Standard Propagation Model

The Aeronautical standard propagation model (ASPM) is derived from the ITU-R Recommendation P.528. For distances up to the radio horizon, free space propagation is assumed. Beyond the radio horizon, a constant attenuation factor a, which depends on the frequency band under consideration, is used. 

The distance to the radio horizon can be calculated using the following formula.

	
	

	(A1-3a)




where:
	dRH :	distance to the radio horizon 
	k :	effective Earth radius factor
	RE	Earth radius
	hTX	height of transmitting antenna above Earth’s surface
	hRX	height of receiving antenna above Earth’s surface





If heights hTX and hRX are expressed in Feet (ft) an the distance d in Nautical Miles (NM), the Earth radius RE = 6360 km and if the atmospheric conditions are assumed to be normal (effective Earth radius factor k = 4/3) the following practical formula can be used:

	
	

	(A1-4)



where:
	dRH :	distance to the radio horizon (NM)
	hTX	height of transmitting antenna above Earth’s surface (ft)
	hRX	height of receiving antenna above Earth’s surface (ft)

The propagation loss between two isotropic antennas located in a perfectly dielectric, homogeneous, isotropic and unlimited environment can be calculated as follows:

	
	

	(A1-5)



where:
	Lbf(d) :	transmission loss between transmitter and receiver as a function of distance (dB)
	d :	distance between transmitter and receiver (NM)
	dRH :	distance to the radio horizon (NM)
	f :	frequency (MHz)
	d :	distance (NM)
	a :	constant attenuation factor beyond radio horizon (dB/NM)
			In the band 108 – 137 MHz: a = 0.5 dB/NM
			In the band 960 – 1215 MHz: a = 1.6 dB/NM
			In the band 5030 – 5091 MHz: a = 2.7 dB/NM
	L(dRH) :	free space transmission loss for the distance up to radio horizon (dB)

[image: ]
Note: The constant attenuation factors a were derived from ITU-R Recommendation P.528 for 125 MHz, 1200 MHz and 5100 MHz for 50 % of the time.



Appendix B
Calculation of separation distances for 
VHF air-ground communication systems operating in the band [112] [117.975] -137 MHz.


1.		Introduction

		This appendix describes the development of separation distances required to prevent harmful interference between VHF air-ground communication systems, based on the general methodology for compatibility analysis in Appendix A. 

2.		Interference model

One of the typical characteristics of mobile communication systems in aviation is that, in addition to a fixed radio station on the ground, the mobile stations can roam throughout the designated operational coverage area (DOC). 
[image: ]
Figure B1 - Model for establishing separation distances

		In Figure B1, Ground station “A” and aircraft station “a” are required to be protected from interference from ground station “B” and aircraft station “b”. When the ground stations are located inside the DOC, the determining factor to prevent interference is the separation distance between the aircraft stations which needs to be large enough to protect aircraft station “a” from interference from aircraft station “b”.  After the separation distance between the aircraft stations has been established, as a second step, potential interference that can be caused by ground station “B” to aircraft station “a” needs to be assessed as well as potential interference from aircraft station “b” into ground station “A”.

3		Assessment of separation distances required to protect VHF COM systems from harmful interference.

3.1		Co – frequency protection. The required separation distance to protect aircraft station “a” from interference from aircraft station “b” in free space, (See Figure B2), using the general method for compatibility analysis as in Appendix A, been established as follows. 

3.1.1		The following example may illustrate the geometry for establishing separation distances. The separation distance between an (interfering) aircraft station (“b”) and the desired (victim) aircraft receiver (“a”) is calculated in the case where the aircraft receiver receives a radio signal from the (desired) ground station “A” just at the minimum field strength as required by Annex 10 (75µV/m); both the ground transmitter “A” and the (interfering) aircraft transmitter “b” have a transmitter power of 25 W.   

3.1.2		The desired signal level at the antenna of aircraft station “A”, as specified in Annex 10, Volume III, Part 2, paragraph 2.2.1.2 is 75 µV/m. This can be converted with formula (1a) in Appendix A to a desired power level (PD ) of -85 dBm at the input of the receiver of aircraft station “a” as follows:
	 
	
	

	(1a)


where:
	E  = 	 = 37.5 dB(µV/m)   

	=	125 MHz 
	GRx(D) = 	0 dBi  U = 0 degree (direction of maximum antenna gain)   (0 dBi is assumed)        
	LRX_FL        = 	3 dB	(3 dB cable losses are assumed)
	LPOL_Rx_D = 	0dB	(no polarization loss is considered)

With these paerameters PD = -114.6 dB(W) 

3.1.3		The level of the interfering (undesired) signal PU from aircraft station “b” at aircraft station “a”, using formula (2) in Appendix A has been determined as follows:

	
	

	(2)


where:
	PU :	undesired signal level PU (dBW) at the victim receiver front end
	PTx_U 	25 W (14) dBW (25 W aircraft transmitter assumed)
	LTX_U_FL :	3 dB	(3dB cable losses are assumed)
	GTx_U():	0 dBi	(0 dBi antenna gain is assumed)  = 0 degree (direction of maximum antenna gain)
	GRx(U) :	0 dBi	(0 dBi antenna gain is assumed) 	U = 0 degree (direction of maximum antenna gain)
	LRX_FL :	3 dB 	(3 dB cable losses are assumed)
	LPOL_Rx_U :	0 dB	(no polarization loss is considered)
	Lb (dU ) :	basic transmission loss for a separation distance dU between undesired transmitter and receiver (dB) (see Recommendation ITU-R P.341)
	FDR (Δf ) :	0 (co-frequency)
	
With these parameters, PU = 8 dBW- Lb (dU )  

3.1.4		With a protection ratio (D/U) of 20 dB, the basic transmission loss can be calculated as follows:
	
	D/U = PD – PU = 20 = (-114.6) – (8- Lb (dU )) dB. 		Lb (dU ) = 142
 
Uusing formula (A1-3) in Annex 1 to Appendix A, the required minimum distance (in free space) becomes:  	


	Lb (dU ) =  37.8 + 20log+ 20logd = 142.6. When = 125 MHz, the distance d = 1396.4 NM. 

3.1.5		In case the undesired aircraft transmitter (aircraft station “b”) has a transmitter power of 10 W, with the same parameters as applied in paragraph 3.1.a above, the minimum separation distance to protect aircraft station “a”  from interference from aircraft station “b” is 881 NM

Note: 	These examples apply in free space and do not take into account the effect of the radio horizon and with a protection ratio of 20 dB. 


Figure B – 2 Separation distance in free space (aircraft are within line of sight)

3.1.6		The effect of the radio horizon. 

3.1.6.1		When aircraft (see Figure B – 3) are operating at the maximum Designated Operational Height, the separation distance is RLOSa +RLOSb

In the example, aircraft “a” is operating at FL 250 (or 25000 ft) and aircraft “b” at flight level 450 (or 45000 ft). 
	RLOSa = 194 NM
	RLOSb = 261 NM

making the total free space path 455 NM. 

The basic transmission loss (free space for this distance is 133 dB, which is 9.6 dB short of the required 142.6 dB


Figure B – 3 Aircraft just within line of sight.

3.1.6.2		When the two aircraft, while maintaining their maximum height, are further separated, in the direction of the arrows in Figure B – 3, part of the transmission path is beyond the radio horizon (RLOSrh in Figure B – 4). 






Figure B – 4 Separation distances (aircraft are not within line of sight) 


3.1.6.3		When aircraft “a” is at FL 250 (25000 ft) and aircraft “b” is at FL 450 (45000 ft), the minimum separation can be calculated, using the Aeronautical Standard Propagation Model as described in Appendix A, Annex 1 (formulas A1-3) as follows:

For station “a” the distance to the radio horizon (RLOSa) is 194 NM 
For station “b” the distance to the radio horizon (RLOSb) is 261 NM
 
Lb(dU) 	=  37.8 + 20.log(f) + 20.log(RLOSa + RLOSb) + 0.5.drh  (dB) 			
	= 79.7 + 20.log 455 +0.5 drh = 142.6           drh = 19.5 NM

	The total distance between the two aircraft stations “a” and “b” is 474.5 NM. 

The minimum separation distance between two ground stations “A” and “B”, which have a designated operational range of RA and RB respectively becomes: 

		RA + RLOSa +RLOSb + RB

3.1.6.4	In aeronautical frequency planning, only the separation distance of the Radio Line of Sight (RLOSa + RLOSb) is considered (455 NM in the above example).This is the minimum distance between the closest points of the respective DOC areas within which the aircraft stations “a” and “b” operate without causing harmful interference. The need for the additional protection through RLOSrh    can been negated by the consideration that it is highly unlikely that two aircraft will be, simultaneously, at the closest points of their respective DOC areas. 
 
3.1.7		Protection of interference from an aircraft station into a ground station and vice versa.

3.1.7.1		The ground station is normally laced well inside the DOC. This implies that, when the aircraft station is protected, the ground station is normally coated well beyond the radio horizon and the basic transmission loss of the radio path to the ground station is subject to the attenuation factor of 0.5 dB/NM. This provides in most cases sufficient protection of the ground station receiver. The same consideration applies to interference that can be caused by transmissions from a ground station (See Figure B – 1).     

3.2		Distance ratio.

3.2.1		Another approach for calculating separation distances is to calculate the separation distance between station “a” and station “b”. This approach has been introduced in Annex 10. It is based on the assumption that all radio stations (ground and airborne stations) have the same EIRP. The principles for establishing separation distances using the “distance ratio” are as follows: 
 
	When it is assumed that both the ground station and the aircraft stations have the same RF characteristics, the protection at the (desired) aircraft station “A” can be expressed as the ratio of the basic transmission loss from ground station “A” to aircraft station “a” and the basic transmission loss from aircraft station “b” to aircraft station “a” as follows: 

	1. The power PD from the (desired) ground station transmitter “A” at the input of the (desired) aircraft receiver “a” is, using formula (1) in Appendix A:   
	

	

	(1)


	2. The power PU from the (undesired, interfering) aircraft station “b” at the input of the (desired) aircraft receiver “b” is, using formula (2) in Appendix A: 

	
	

	(2)






When 	 =   		(Both the desired and the undesired transmitter generate equal power) 	= 	(The antenna gain of the desired and the undesired transmitter is equal) 


	 = 	(The cable losses of the desired and undesired transmitter are equal) 


	 =  	(The antenna gain of the desired and undesired receiver is equal)


	 = 	(The cable losses of the desired and the undesired receiver are equal)


	 = 	Polarization losses are not considered)

	=  transmission loss between the desired ground station A and the aircraft station “a” 

	= transmission loss between the undesired aircraft station “b” and aircraft station “a”

	 = 0



		PD –PU =   -  = D/U  (either 20 dB or 14 dB)

Substituting formula A1-3 in Annex A to Appendix A gives: 



PD –PU 	=  - = 20
	


	=  =20	      

	 = 

Using the distance ratio to establish the separation distance for a D/U ratio of 20 dB would result in a minimum separation distance between the desired (station “a”) and the undesired (station “b”) aircraft to be 10 times larger than the distance from the desired aircraft receiver to the desired ground station (ground station “a”) under free space conditions.

		In the above example, when the service is an APP/U with a designated operational coverage of 150NM/FL450, the minimum separation distance between the two aircraft station should be 1500 NM (under free space propagation conditions). In this case, the minimum separation distance should be established at the sum of the RLOS  for each aircraft station. When applying a D/U ratio of 20 dB, this method is of little use. 

d. 	In some Regions or sub-Regions, a protection ratio of 14 dB is applied. 


Where a 14 dB D/U ratio is applied and it is assumed that both the ground station and the aircraft stations have the same RF characteristics, 





PD –PU  =  = 14 or = 0.7
		
			resulting in :  = 

With the same methodology as used in paragraph 3.1.a above (protection of aircraft operating at the minimum field strength of 75 µV/m), the separation distance to protect aircraft station “a” from interference (at a desired signal level of -114.6 dBW at the receiver input) from aircraft station “b” is 645 NM (in free space), well beyond the radio horizon in all cases. Applying the distance ratio 1/5, the separation distance (between the edges of coverage) for an APP/U service (DOC 150/450) would be 750 NM under free space conditions.

3.3		Application of a 14 dB D/U protection ratio. 

	Annex 10, Volume V, Chapter 4, paragraph 4.1.5 stipulates that the desired to undesired signal ratio for COM systems shall be 14 dB subject to a regional air navigation agreement. For areas where the frequency assignment congestion is not severe or is not anticipated to become severe, protection may be used.   

	Also, Attachment A to Annex 10, Volume V, provides guidance on applying the 14 dB D/U ratio through a 5 to 1 distance ratio (see paragraph 3.1.d above), assuming that all radio stations involved in the frequency protection analysis have the same RF characteristics. This method does not take into account variations in EIRP of different transmitters and furthermore does not protect VHF communication systems down to the minimum field-strength level as required by Annex 10.  

	In cases where applying the 5 to 1 distance ratio results in separation distance larger than the radio horizon, the distance to the radio horizon should be applied (transmission loss beyond the radio is not considered).  

3.4		Adjacent frequency protection.

3.4.1		When the interfering frequency is separated from the desired frequency, the factor FDR(Δ f) needs to be considered. The FDR is the rejection provided by the receiver as a result of the limited bandwidth of the receiver as well as the processing mechanism of unwanted signals by the receiver. The FDR can be calculated (See Appendix A) or obtained through measurements and involves the rejection characteristics of the aircraft receiver. 

Annex 10, Volume III, Part II, paragraph 2.3.3.5 and 2.3.3.6 stipulate that for aircraft the adjacent channel rejection is 50 dB for receivers operating in a 25, 50 or 100 kHz channel spacing environment and 60 dB for receivers operating in an 8.33 kHz channel spacing environment.  Paragraph 2.3.6 further indicates that frequency planning is normally based on the assumption of a 60 dB effective adjacent channel rejection in a 25 kHz, 50 kHz or 100 kHz channel spacing environment. 

3.4.2		

Using the same methodology as described in paragraph 3.1.a, the desired signal level at the receiver input of aircraft station “a” PD = - 114.6 dB(W) 

The level of the undesired signal from aircraft station “b”, operating on the first adjacent [25] kHz channel, is 

	
	

	(2)


where:
	PU :	undesired signal level PU (dBW) at the victim receiver front end
	PTx_U 	25 W (14) dBW
	LTX_U_FL :	3 dB
	GTx_U():	0 dBi
	GRx(U) :	0 dBi
	LRX_FL :	3 dB 
	LPOL_Rx_U :	0 dB
	Lb (dU ) :	basic transmission loss for a separation distance dU between undesired transmitter and receiver (dB) (see Recommendation ITU-R P.341)
	FDR (Δf ) :	60 dB (adjacent channel rejection in 60 dB on the first adjacent channel
	 :	0 degree (direction of maximum antenna gain)
	U :	0 degree (direction of maximum antenna gain)

		With these parameters, PU = 8 dBW- Lb (dU ) – 60 (undesired signal level from aircraft station “b” at aircraft station “a”. 
		With a protection ratio (D/U) of 20 dB, the basic transmission loss can be calculated as follows:
	
	D/U = PD – PU = 20 = (-114.6) – (8- Lb (dU ) + 60) dB. 		Lb (dU ) = 82,6
	


	Lb (dU ) =  37.8 + 20log+ 20logd = 82.6. With = 125 MHz, the distance d becomes 1.41 NM.
Note:  Annex 10, Volume V, Attachment A, paragraph 2 indicates the need to maintain an adjacent channel separation of 3 NM. 

4. 		Protection of broadcast services 
Note:  Broadcast services (e.g. ATIS, VOLMET) do no involve airborne transmissions. 

4.1		To secure protection of broadcast services, two situations can occur:
	
	a.	the frequency on which the broadcast service is operating is shared with another broadcast service.
	b.	the frequency on which the broadcast service is operating is shared with an air-ground communication service. 

4.2		(Re. 4.1.a)	Separation distance when the frequency on which the broadcast service is operating is shared with another broadcast service (co-channel). 




Figure B – 5 Separation between broadcast services


4.2.1		Calculation of the minimum separation distance between (interfering) broadcasting station A and the aircraft (receiver) station “b” while protecting a minimum signal level of the desired signal at “b” (from broadcasting station “B”) of 75 µV/m. Aircraft “b” is at flight level 450 (45000 ft).

		Using the methodology as described in paragraph 3.1, the minimum (desired) power level at the input of the receiver of aircraft station “b” PD = -114.6 (dBW). 

		The level of the interfering signal (assuming free space propagation between broadcast station “A” and aircraft station “b” is, in case the broadcasting station has a transmitter power of 100W (20 dBW) at aircraft station “b”  PU = 14 - LbdU dBW	

		PD – PU = 20 = -114.6 – 14 + LbdU	 	LbdU = 148.6 dB.
		 Using the free space formula in Annex 1 to Appendix A (A1 – 3), the minimum free space distance is 2570 NM, well beyond the radio horizon. Taking into account the effect of the radio horizon, the separation distance can be calculated as follows:

		Free space transmission loss (RLOSb in Figure B – 5):  
		Distance to RLOSb = 261 NM; the free space transmission loss is 128 .1 dB. 

		The required transmission loss is 148.6 dB. The additional, “beyond the radio horizon” transmission loss is 20.5 dB. The attenuation beyond the radio horizon is 0.5 dB/NM for the frequency band 108 – 138 MHz, resulting in the minimum distance beyond the radio horizon to be maintained to be 41 NM. The total minimum distance between the broadcast station “A” and the aircraft station “b” is 
261 + 39.8 = 300.8 NM.     

Note:   Annex 10 recommends the use of 30 NM beyond the radio horizon between the DOC of the broadcast services. 

4.2.2		The minimum required distance between the two broadcast stations can be established as follows:

		To protect aircraft station “b” from harmful interference from ground station “A”, the minimum required separation distance from “b” to “A” is RLOSb +Rrha; Rrha should be at least 30 NM;

		To protect aircraft station “a” from harmful interference from ground station “B”, the minimum required separation distance from “a” to “B” is RLOSa +Rrhb; Rrhb should be at least 30 NM.

The larger value of these calculations establishes the minimum required separation distance. 

4.3		(Re. 4.1.b)	Separation distance when the frequency on which the broadcast service is operating is shared with an air-ground communication service (co-channel). 

4.3.1		The minimum required separation distance between the two ground stations providing respectively the broadcast service and the air-ground service can be calculated in two steps: 

	a.	the required distance between the aircraft station receiving the broadcast service and the ground station providing the air-ground service can be established as described in paragraph 4.2 and equals RLOSb + 30. The minimum distance between the two ground stations, becomes (Re. Figure B-5):

		   RLOSb + 30 NM + Range broadcast station B		(A)

	b.	the required distance between the aircraft stations, as described in paragraphs 3.1.6.2 and 3.1.6.3 is RLOSa +RLOSb. The minimum required distance between the ground stations becomes (Re. Figures B-3 and B-4) 

		Range “A” + RLOSa + RLOSb +Range “B”			(B)

4.3.3		The larger of the values (A) or (B) determine the minimum separation distance between the ground stations.

4.4		(Re. 4.1.b)	Separation distance when the frequency on which the broadcast service is operating is shared with another broadcast service (adjacent channel). 

The adjacent channel rejection (FDR) is 60 dB for the first adjacent channel. This will reduce the required transmission loss between the interfering broadcast station “A” and aircraft station “b” to 88.6, equivalent to a separation distance of 2.75 NM. 
Note: 	Annex 10 requires a separation distance of 13 NM

This means that the DOC of the two broadcast services may overlap each other as long as the distance of the closest point on the designated operational range to the ground broadcast station is more than        13 NM.
 
4.5		(Re. 4.1.b)	Separation distance when the frequency on which the broadcast service is operating is shared with an air-ground communication service (adjacent channel). 

4.5.1		To protect an aircraft station from interference from a ground broadcast station operating on the first adjacent channel, the separation distance between the aircraft station and the ground broadcast station needs to be at least 13 NM. The separation between the two ground stations is the largest value of the designated operational range + 13 NM.   

4.5.2		To protect an aircraft station from interference from another (transmitting) aircraft station, operating on the first adjacent channel, the separation between the two aircraft needs to be at least 10 NM, as described in paragraph 3.4. This brings the minimum separation distance between the two ground stations (one broadcast and one for air-ground communications to the sum of the designated operational range of each ground station + 10 NM.      

4.5.3		In almost all cases, the separation distance as per paragraph 4.5.2 is the largest minimum distance that needs to be maintained. 

4.6		No protection has to be considered for ground receiver stations as these do not operate in a broadcast service.

5 .		Separation distances for VHF digital link Mode 2 and Mode 4 (VDL Mode 2 and VDL Mode 4)

5.1		The frequency / distance separation criteria for VDL have been established following the general methodology for compatibility analysis of aeronautical systems. The required adjacent channel D/U ratios have been obtained through measurements; details of these measurements are contained in the reports of the Aeronautical Communications Panel.  

5.2		Co-channel separation distance

5.2.1		Co-channel separation distance for VDL (Modes 2 and 4) with VHF DSB AM COM systems should be based on a 20 dB D/U ratio. This will result in the same separation criteria as those that apply between voice air-ground communication systems. 

5.2.2.			Adjacent channel separation.  

5.2.2.1			Adjacent channel rejection, in the format of D/U ratios, were measure to asses interference from VDL into DSB_AM systems and interference from DSB_AM systems into VDL. 
Note: adjacent channels are 25 kHz adjacent channels

a.	DSB‑AM systems when interfered with a VDL Mode 2 signal (D/U ratios)  

	D/U ratios (desired DSB-AM and undesired VDL Mode 2)
	Adjacent channel
	D/U* ratio (dB)

	1
	‑34

	2
	‑53

	3
	‑60

	4
	‑63

	5
	‑65

	10
	<‑65

	20
	<‑65

	40
	<‑65




b.	VDL Mode 2 systems when interfered with a DSB-AM signal (D/U ratios)  

 D/U ratios for desired VDL Mode 2 and undesired DSB-AM signals
	Adjacent channel
	D/U* ratio (dB)

	1
	‑33

	2
	‑60

	3
	‑60

	4
	‑66

	5
	‑69

	10
	<‑69

	20
	<‑69

	40
	<‑69



c.	DSB‑AM systems when interfered with a VDL Mode 4 signal (D/U ratios)  

D/U ratios for desired DSB-AM and undesired VDL Mode 4 signals
	Adjacent channel (25 kHz)
	D/U* ratio (dB)

	1
	-45

	2
	-47

	3
	-52

	4
	-53

	5
	 -57

	10
	< -64

	20
	< -64

	40
	< -64



d.	VDL Mode 4 systems when interfered with a DSB-AM signal (D/U ratios)  

D/U ratios for desired VDL Mode 4 and undesired DSB-AM signals
	Adjacent channel (25 kHz)
	D/U ratio (dB)

	1
	-45

	2
	-51

	3
	-58

	4
	-55

	5
	 -63

	10
	 -67

	20
	 -68

	40
	 -69



e.	VDL Mode 2 systems when interfered with a VDL Mode 4 signal

D/U ratios for desired VDL Mode 2 and undesired VDL Mode 4 signals
	Adjacent channel (25 kHz)
	D/U ratio (dB)

	1
	-41

	2
	-57

	3
	-61

	4
	-62

	5
	 -65

	10
	 -70

	20
	 -72

	40
	 -74



f.	VDL Mode 4 systems when interfered with a VDL Mode 2 signal

D/U ratios for desired VDL Mode 4 and undesired VDL Mode 2 signals
	Adjacent channel (25 kHz)
	D/U* ratio (dB)

	1
	-42

	2
	-58

	3
	-59

	4
	-62

	5
	 -63

	10
	 -64

	20
	 -62

	40
	 -63




g.	VDL Mode 4 systems when interfered with a VDL Mode 4 signal

D/U ratios for desired VDL Mode 4 and undesired VDL Mode 4 signals
	Adjacent channel (25 kHz)
	D/U* ratio (dB)

	1
	-33

	2
	-58

	3
	-51

	4
	-58

	5
	 -56

	10
	 -62

	20
	-63

	40
	-62



h.	VDL Mode 2 systems when interfered with a VDL Mode 2 signal

D/U ratios for desired VDL Mode 2 and undesired VDL Mode 2 signals
	Adjacent channel
	D/U* ratio (dB)

	1
	‑29

	2
	‑66

	3
	‑68

	4
	‑67

	5
	‑67




Note.- These interference immunity characteristics need to be incorporated in Annex 10 and their compliance with MOPS needs to be assessed. 


5.2.2.2		On the basis of the above adjacent channel D/U ratios, the following worst case separation criteria were developed (minimum separation between aircraft; NM)

a.		On the first adjacent (25 kHz) channel, the minimum separation between aircraft stations operating with DSB-AM and VDL Mode 2 or VDL Mode 4 vary from 1 – 8 km. Therefore, the first adjacent channel to a DSB-AM (VHF voice) system should not be used in the same DOC. 

b.		On the second adjacent (25 kHz) channel to a DSB-AM system, the separation distance between VDL Mode 2 and VDL Mode 3 is less than 600m and this channel can be used by VDL Mode 2 without restrictions. For VDL Mode 4 the minimum separation distances were somewhat higher (>600m) and therefore VDL Mode 4 should not be used on the second adjacent channel to a DSB-AM system. 

c. 		On the third adjacent channel and higher to a DSB-AM syatem, both VDL Mode 2 and VDL Mode can be used in the same airspace without restrictions. 



d.		To protect VDL (Mode 2 and VDL Mode 4) from interference from transmissions by VDL (Mode 2 and or VDL Mode 4), the second adjacent (25 kHz) channel can be used in the same airspace without restrictions. The first adjacent channel to a VDL frequency assignment should not be used in the same airspace for any VDL. 

5.3		Specific attention needs to be given to the potential of interference that can be caused by VDL transmissions into DSB-AM and VDL ground stations in case either the VDL Mode 4 aircraft stations or the VDL ground transmitters are located in the vicinity of DSB-AM or VDL ground receivers. Minimum separation distances between these stations or additional filtering in the receivers may assist in removing harmful interference. As this is an implementation aspect, it is not further discussed in this chapter.  




Appendix C
Terms and definitions


Designated operational range or height (DOR or DOH) – The range or height to which an aid is needed operationally in order to provide a particular service and within which the facility is afforded frequency protection. 

	Note 1 – The designated value for range or height is determined in accordance with the criteria for the deployment of the aid in question.

	Note 2 – The designated value for range or height forms the basis for the technical planning of aids.

Designated operational coverage (DOC) – The combination of the designated operational range and the designated operational height (e.g. 200NM/FL500 is the designated operational coverage for an aid with a designated operational range of 500 NM and a designated operational height of 50.000 ft (Flight Level 500). 
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