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	SUMMARY

	This working paper presents a comparision of the spectral mask derived in accordance with Recommendations ITU-R SM.853, SM.1138 & 1541 for Primary (2700-2900 MHz) and secondary surveillance radar as well as ICAO SARPs for secondary surveillance radar.  



1.	INTRODUCTION
1.1	The Radio Regulations, a United Nations treaty level document, govern the global use of spectrum and are administered and published by the International Telecommunication Union. They define, for a number of defined services[footnoteRef:1], the frequency bands that can be used, the spectral mask of those transmissions, any restrictions that apply to the use of that service in order to ensure compatibility with other co or adjacent frequency services and the co-ordination procedures to be applied. Within Europe spectrum use is co-ordinated through the European Conference of Postal and Telecommunication Administrations and for the 28 member States the European Union. [1:  A service involves the transmission, emission and/or reception of radio waves for specific telecommunication purposes] 

1.2	In May 2014 the Radio Equipment Directive (RED) (2014/53/EU) was published in the Official Journal of the European Union which superseded the Radio and Telecommunications Terminal Equipment (R&TTE) Directive. All equipment placed on the market after June 2017 within the European Union must comply with the directive.
[bookmark: logo]1.3	As part of the work associated with the introduction of the RED the the Radar group of the Aeronautical Task Group of the European Telecommunications Standards Institute (ETSI) EMC & Radio Spectrum Matters Technical Committee  has been tasked with developing standards for ground based aeronautical primary and secondary surveillance radar operating in the L, S and X frequency bands. 
1.4	This paper provides an analysis of the findings of the Radar group with respect to the minimum Radar spectral mask requirements as defined by the Radio Regulations and compares these with additional material that can be found in various ITU-R Recommendations. For primary radar the document uses the characteristics of S-band radar contained in Recommendation ITU-R M.1464-2 to illustrate the implications of the findings whilst for secondary surveillance radar a comparison is undertaken to the specifications contained in ICAO Annex 10 volume IV.
2. 	DISCUSSION
2.1	As previously pointed out the Radio Regulations are the basis for the regulation of all radio systems.  Within those regulations Article 1 provides the following definitions of radar:
1.100 	radar: A radiodetermination system based on the comparison of reference signals with radio signals reflected, or retransmitted, from the position to be determined.
1.101 	primary radar: A radiodetermination system based on the comparison of reference signals with radio signals reflected from the position to be determined.
1.102 	secondary radar: A radiodetermination system based on the comparison of reference signals with radio signals retransmitted from the position to be determined.
With radiodetermination being defined as:
1.9		radiodetermination:  The determination of the position, velocity and/or other characteristics of an object, or the obtaining of information relating to these parameters, by means of the propagation properties of radio waves
Note: Radiodetermination can also be a radio service defined under Article 1.40 as a radiocommunication service for the purposes of radiodetermination. 
2.2	Radiodetermination, as a service, is then further broken down into the various radionavigation and radiolocation services that are defined in Article 1 as shown below.

2.3	However, in terms of necessary bandwidth, frequency tolerance and unwanted emissions the Radio Regulations do not differentiate between those services other than the inclusion of a number of provisions that relate to primary radar.  
2.1	Radio Regulatory Requirements
2.1.1	Frequency Tolerance
2.1.1.1	Article 3.5 of the Radio Regulations specifies that all transmitting stations shall conform to the frequency tolerances specified in Appendix 2.  Within Appendix 2 the following frequency tolerances are specified for radiodetermination stations

	Frequency band
	Tolerance applicable to the transmitter

	9 kHz to 535 kHz
1 606.5 kHz to 4 000 kHz
Power 200W or less
Power above 200W
29.7 MHz to 100 MHz
470 MHz to 2 450 MHz
2 450 MHz to 10 500 MHz
10.5 GHz to 40 GHz
	100 parts in 106

20 parts in 106
10 parts in 106
50 parts in 106
500 parts in 106
1 250 parts in 106
5 000 parts in 106


Note: Where specific frequencies are not assigned to radar stations, the bandwidth occupied by the emissions of such stations shall be maintained wholly within the band allocated to the service and the indicated tolerance does not apply.
2.1.1.2	The following derived values illustrate the maximum frequency tolerance applicable for a number of standard primary radar frequencies:
1 300 MHz	515 kHz
2 800 MHz	3.5 MHz
3 000 MHz	3.75 MHz
9 100 MHz	11.375 MHz
9 400 MHz	11.75 MHz
2.1.2	Unwanted Emissions
2.1.2.1	Definition
2.1.2.1.1	Article 3.6 of the Radio Regulations specify that transmitting stations shall conform to the maximum permitted power levels for unwanted emissions in the spurious domain specified in Appendix 3. The emission limits of this Appendix apply to all emissions, including harmonic emissions, intermodulation products, frequency conversion products and parasitic emissions, at frequencies in the spurious domain as illustrated below:

2.1.2.2	Necessary Bandwidth
2.1.2.2.1	Appendix 1, Section I of the Radio Regulations defines the following three methods for determining the necessary bandwidth[footnoteRef:2]. [2:  No.1.152 of the Radio Regulations defines necessary bandwidth: “For a given class of emission, the width of the frequency band which is just sufficient to ensure the transmission of information at the rate and with the quality required under specified conditions”.  It is assumed that this does not include frequency tolerance of a signal.] 

· use of the formulae and examples of necessary bandwidths and designation of corresponding emissions given in Recommendation ITU-R SM.1138-2
· computation, in accordance with other ITU-R Recommendations;
· measurement, in cases not covered by the above.
2.1.2.2.2	Given that the only ITU Recommendation related to the calculation of the necessary bandwidth for a radiodetermination service that is incorporated by reference in the Radio Regulations is Recommendation ITU-R SM.1138-2 it can be assumed that only the first bullet point has any regulatory standing. Whilst the other two methods are both possibilities, the second bullet would require the Recommendation to be incorporated by reference for it to have any form of regulatory standing and the third method is radar type specific and therefore is not suitable for a generic standard:
2.1.2.2.3	Within Recommendation ITU-R SM.1138-2 the only formula provided for radiodetermination systems is the following one for radars with un-modulated pulse emissions
	
	(1)


Where 	Bn	= Necessary bandwidth 
	K	= an overall numerical factor which varies according to the emission and which depends upon the allowable signal distortion. It depends upon the ratio of pulse duration to pulse rise time. Its value usually falls between 1 and 10 and in many cases it does not need to exceed 6
	t	= pulse duration at half amplitude
2.1.2.2.4	However, how K should be calculated has not been defined within the Radio Regulations nor can any definitive guidance be found in other regulatory texts.
2.1.3	Maximum Permitted Spurious Domain Emission Levels 
2.1.3.1	Table I of Appendix 3 to the Radio Regulations specifies that for a Radiodetermination service transmission the minimum attenuation below the power supplied to the antenna transmission line is either 43 + 10 log (Peak Envelope Power), or 60 dB, whichever is less stringent.  In general, for radars used for aeronautical purposes this will result in the use of the 60dB figure.
2.1.4	Boundary Between the Out-of-Band and Spurious Domains
2.1.4.1	General
2.1.4.1.1	Appendix 3, Table 1 (shown below) of the Radio Regulations defines, for the generic case, the frequency separation between the centre frequency and the boundary of the spurious domain which should be applied unless specifically defined elsewhere.
Table 1 Boundary Between the Out-of-Band and Spurious Domain
	Frequency
range
	Narrow-band case
	Normal
separation
	Wideband case

	
	for BN <
	Separation
	
	for BN >
	Separation

	9 kHz < fc  150 kHz
	250 Hz
	625 Hz
	2.5 BN
	10 kHz
	1.5 BN + 10 kHz

	150 kHz < fc  30 MHz
	4 kHz
	10 kHz
	2.5 BN
	100 kHz
	1.5 BN + 100 kHz

	30 MHz < fc  1 GHz
	25 kHz
	62.5 kHz
	2.5 BN
	10 MHz
	1.5 BN + 10 MHz

	1 GHz < fc  3 GHz
	100 kHz
	250 kHz
	2.5 BN
	50 MHz
	1.5 BN + 50 MHz

	3 GHz < fc  10 GHz
	100 kHz
	250 kHz
	2.5 BN
	100 MHz
	1.5 BN + 100 MHz

	10 GHz < fc  15 GHz
	300 kHz
	750 kHz
	2.5 BN
	250 MHz
	1.5 BN + 250 MHz

	15 GHz < fc  26 GHz
	500 kHz
	1.25 MHz
	2.5 BN
	500 MHz
	1.5 BN + 500 MHz

	fc > 26 GHz
	1 MHz
	2.5 MHz
	2.5 BN
	500 MHz
	1.5 BN + 500 MHz

	NOTE – In Table 1, fc is the centre frequency of the emission and BN is the necessary bandwidth. If the assigned frequency band of the emissions extends across two frequency ranges, then the values corresponding to the higher frequency range shall be used for determining the boundary.


2.1.4.2	Primary radar
2.1.4.2.1	For primary radar, the boundary between the out-of-band and spurious domains is defined as the frequency at which the out-of-band domain limits specified in the applicable ITU-R Recommendation are equal to the spurious domain limit defined in Table 1 of this Appendix. Further guidance on the boundary between the out-of-band and spurious domains for primary radar is provided in the most recent version of Recommendation ITU-R SM.1541. (see section 3.2.4 for the defined spurious domain limit for radio determination systems)
2.2	ITU Guidance Material
2.2.1	Introduction
2.2.1.1	All of the above information has been drawn from either the Radio Regulations or ITU-R Recommendations incorporated by reference however there is additional guidance material contained in Recommendation ITU-R SM.853 & SM.1541. The following section looks at the relevant material contained in these 2 ITU-R Recommendations and how that information compares with the regulatory requirements derived above from the Radio Regulations
2.2.2	Necessary Bandwidth
2.2.2.1	Recommendation ITU-R SM.853-1 provides the following additional formulae for determining the necessary bandwidth which for primary radar is assumed to be the 20 dB Bandwidth:
	Rectangular/Trapezoidal pulses
Smaller of:

	(2)

	Frequency modulated pulses

	(3)

	Frequency Hopping 

	(4)

	Carrier Wave

	(5)


Where 	Bn	= necessary bandwidth
Bc	= frequency deviation
Bs	= maximum frequency range over which the carrier will be shifted
Bd	= maximum frequency deviation
t	= pulse duration at half amplitude
tr	= pulse duration at half amplitude
2.2.2.2	The above formulae are also contained in Recommendation ITU-R SM.1541-6 in annex 8 that addresses primary radar, where it is confirmed that they relate to the 20 dB bandwidth.
2.2.3	Formulas for the B−40 dB bandwidth
2.2.3.1	Recommendation ITU-R SM.1541-6 also provide formulae for determining the 40 dB Bandwidth (B−40) for primary radar, on the basis that the ratio of the B-40 and necessary bandwidth is not in general a constant
	Non-FM pulse 
Smaller of:


where the coefficient K is 6.2 for radars with output power greater than 100 kW and 7.6 for lower‑power radars and radars operating in the radionavigation service in the 2 900-3 100 MHz and 9 200-9 500 MHz bands[footnoteRef:3]. The latter expression applies if the rise time tr is less than about 0.0094t when K is 6.2, or about 0.014t when K is 7.6 [3:  	These coefficients, K = 6.2 or 7.6 and 64, are related to theoretical values that would prevail in the case of constant frequency trapezoidal and rectangular pulses, respectively. Also, in the case of the trapezoidal pulses, the coefficient K has been increased somewhat to allow for implementing output device characteristics. For ideal rectangular pulses, the spectrum falls off at 20 dB per decade leading to a 20 dB bandwidth of 6.4/t and a B−40 dB bandwidth ten times as large, i.e. 64/t. To discourage the use of pulses with abrupt rise and fall times, no margin is allowed. The spectra of trapezoidal pulses fall off firstly at 20 dB per decade and then ultimately at 40 dB per decade. If the ratio of rise time to pulse width exceeds 0.008 the 40 dB points will fall on the 40 dB per decade slope, in which case the B–40 would be:

Allowance for unavoidable imperfections in implementation requires that the mask be based on values of at least:

depending upon the category of radar.] 

	(6)

	FM pulsed 


where:

              to account for the rise time

             to account for the fall time

   to account for both the rise and fall times combination
 :	pulse length including rise and fall times
tr :	pulse rise time
tf :	pulse fall time
Bc :	bandwidth of the frequency deviation (total frequency shift during the pulse generation)
BS :	the maximum range over which the carrier frequency will be shifted, Bs equals zero for non-frequency hopping cases.
Equation (7) is valid only when the following conditions are met:

1.	the product  is greater than or equal to 0.10; and

2.	that the product of  or compression ratio must be greater than 10.
	
(7)

	Otherwise


where A[footnoteRef:4] is 0.105 when K  6.2, and 0.065 when K  7.6 [4: 	The term A/tr adjusts the value of B−40 to account for the influence of the rise time, which is substantial when the time-bandwidth product Bct, is small or moderate and the rise time is short.] 

	(8)

	Carrier Wave


where FC is the carrier frequency.

	(9)

	Frequency modulated carrier wave 


where BR is the total frequency deviation and T is the chirp period.
	(10)



2.2.3.2	Recommendation ITU-R SM.1541-6 then defines a roll off to 60 dBc point of either 20 (CW/FMCW/Phase Coded) or 30 dB per decade with a design objective of 40 dB per decade.  
2.3	Comparison of the Regulatory and Guidance Material
2.3.1	Introduction
2.3.1.1	The following section investigates the consistency between the regulatory/guidance provisions highlighted above based on the aeronautical radars operation in the frequency band 2 700-3 100 MHz as contained in Recommendation ITU-R SM.1464-2. The technical characteristics of aeronautical radar used in this document are contained in Annex 1, noting that a number of radars have been excluded either because there were insufficient details available or they are not used for air traffic control purposes.
2.3.2	Primary Radar
2.3.2.1	Comparison
2.3.2.1.1	The following Out of Band frequency masks have been derived from the information contained in Recommendations ITU-R SM.853-1, SM.1138-2 & SM.1541-6. . In reviewing the frequency masks, the following points should be noted:
· Recommendation ITU-R SM.1138-2 is the only Recommendation that is incorporated by reference
· The K factor is not defined for any of the systems and has been derived from the quoted 20 dB bandwidth
More detailed information on how these graphs were derived is contained in the embedded excel spreadsheet contained in Annex 2








2.3.2.2	Conclusions for Primary Radar
· There is a disconnect between the masks produced in accordance with the formulae provided by the 3 ITU-R Recommendations for the various radar
· The K factor is not mathematically defined and hence there is some uncertainty with respect to the results produced by Recommendation ITU-R SM.1138
· In each case what could be regarded as the regulatory mask limit (e.g. SM.1138) does not necessarily encompass the masks that result from the application of the other two Recommendations 
· Compliance with Recommendation ITU-R SM.1541-6, which is used in most Regions as the basis of their regional regulations, does not necessarily ensure compliance with the requirements contained in the Radio Regulations (assumed to be SM.1138)
2.3.3	Secondary Surveillance Radar
2.3.3.1	Comparison
The following Out of Band frequency masks have been derived from the information contained in Recommendations ITU-R SM.853-1, SM.1138-2, SM.1541-6 and ICAO Annex 10 volume III. In reviewing the frequency masks, the following points should be noted:
· Recommendation ITU-R SM.1138-2 is the only Recommendation that is incorporated by reference
· The K factor is not defined for any of the systems and has been derived from the quoted 20 dB bandwidth
· Recommendation SM.1541-6 is formally only applicable to primary radar 
More detailed information on how these graphs were derived is contained in the embedded excel spreadsheet contained in Annex 3



2.3.2.2	Conclusions for Secondary Surveillance Radar
· There is a disconnect between the masks produced in accordance with the formulae provided by the 3 ITU-R Recommendations 
· The K factor is not mathematically defined and hence there is some uncertainty with respect to the results produced by Recommendation ITU-R SM.1138
· The spectral mask defined by ICAO is not consistent with the masks derived using the 3 ITU-R Recommendations
· Recommendation ITU-R SM.1541-6 should not be used as it does not apply to secondary surveillance radar.
3	OVERALL CONCLUSIONS
· For primary Radar what could be regarded as the regulatory mask limit (e.g. SM.1138) does not encompass the masks that result from the application of the other two Recommendations
· There is some consistency between the spectral mask produced using Recommendations SM.853 and SM.1138
· The K factor is not mathematically defined and hence there is some uncertainty with respect to the results produced by Recommendation ITU-R SM.1138
· The spectral mask defined by ICAO for secondary surveillance radar is not consistent with the masks derived using the 3 ITU-R Recommendations
· That the content of the 3 ITU-R Recommendations with respect to radar considered in this document does not reflect current waveforms.
· There appears to be an assumption in the ITU documentation that radiodetermination including radionavigation relates to radar and little consideration is given to other radiodetermination systems
ACTION BY THE MEETING
The meeting is invited to:
note and review the contents of this working paper;
agree that action needs to be taken within the ITU to 
· resolve the inconsistencies between the various ITU-R Recommendations
· Update the formulae used for defining the spectral mask for radiodetermination systems to reflect current systems and waveforms
develop a strategy and supporting contributions to the ITU to address b)
establish a correspondence group to address c)
— END —



ANNEX 1
S-Band Aeronautical Radar Characteristics

	Characteristics
	Units
	Radar A
	Radar B
	Radar C
	Radar F
	Radar F1
	Radar F2
	Radar I
	Radar J
	Radar K

	Modulation
	
	P0N
	P0N
	P0N, Q3N
	P0N, Q3N
	P0N, Q3N
	P0N, Q3N
	Non-linear FM
P0N, Q3N
	Non-linear FM
P0N, Q3N
	Non-linear FM Q3N

	Pulse width
	s
	0.6
	1.03
	1.0, 89(3)
	0.4, 20
0.5, 27(4)
	1.0 (SP)
60.0 (LP)
	1.0 (SP)
≤ 250.0 (LP)
	0.4(1) to 40
	0.1(1) to 200
	 100

	Pulse rise/fall time
	s
	0.15-0.2
	
	0.5/0.32
(short pulse)
0.7/1
(long pulse)
	0.1 (typical)
	0.2 (SP), 3 (LP)
	0.2 (SP), 3 (LP)
	10 to 30 typical
	10 to 30 typical
	Not given

	Pulse repetition rate
	pps
	973-1 040 (selectable
	1 059-1 172
	722-935
(short impulse) 
788-1 050
(long impulse)
	1 100
840(3)
	320-6 100 (SP)
320-1 300 (LP)
(8)
	320-4 300 (SP)
320-1 500 (LP)
(8)
	550 to 1 100 Hz
	300 Hz to
10 kHz
	 300 Hz

	Duty cycle
	%
	0.07 maximum
	0.14 maximum
	9.34
maximum
	2 
(typical)
	0.2(9) -0.6 (SP)
≤ 12.0(10) (LP)
	0.2(9) -0.4 (SP)
≤ 12.0(10) (LP)
	2.5 maximum
	10 maximum
	Up to 3

	Chirp bandwidth
	MHz
	Not applicable
	Not Applicable
	2
	2
	3
	3
	2.5
	Up to 10
	 100

	Phase-coded sub-pulse width
	
	Not applicable
	
	
	
	Not applicable
	Not applicable
	
	
	

	Compression ratio
	
	Not applicable
	Not applicable
	89
	40:1
55:1
	180
	≤ 750
	Up to 100
	Up to 300
	Not applicable

	RF emission bandwidth:
–20 dB



3 dB
	MHz
	
6
	
5



0.6
	
2.6 
(short impulse)
5.6 
(long impulse)
1.9
	
3 
(valeur type)



2
	
3.2 (SP) / 5.0 (LP)
0.6 (SP) / 1.2(LP)
(11)
	
3.2 (SP) / 5.0 (LP)
0.6 (SP) / 1.2 (LP)
(11)
	
3.5
2.5
	
15 
10
	
 100



Source:  Recommendation ITU-R SM.1464-2








Annex 2
Primary Radar Mask - Supporting Calculations




Annex 3
SSR Mask - Supporting Calculations
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Primary Radar Spectral Mask.xlsx
Radar A



		Characteristics								Units		Radar A						Frequency Offset (MHz)		SM.1138		SM.853		SM.1541



		Modulation										P0N

		Transmitter Power								kW		1400						0.00		0		0		0

		Pulse width								µs		0.6						3.00		0		0		0

		Pulse 		Rise time						µs		0.15						3.00		20		20		0

				Fall time						µs		0.15						10.35		20		20		0

		Chirp bandwidth								MHz								10.35		20		20		40

		RF emission bandwidth:		20 dB						MHz		6						11.00		20		20		41

				3 dB						MHz								12.00		20		20		42

																		13.00		20		20		43

		SM.1138-2		K factor		Calculated						1.8						14.00		20		20		44

						Used						1.8						14.90		20		20		45

				20dB Bandwidth						MHz		6.0						14.90		20		60		45

				60 dB Bandwidth						MHz		30.0						15.00		20		60		45

				MHz														15.00		60		60		45

		SM.853-1		Case 1						MHz		6.0						16.00		60		60		46

				Case 2						MHz		6.0						17.00		60		60		46

				Case 3						MHz		10.6						18.00		60		60		47

				Bandwidth		20 dB 				MHz		6.0						19.00		60		60		48

						60 dB				MHz		29.8						20.00		60		60		49

																		21.00		60		60		49

		SM.1541-6		Non-FM		40dB				MHz		20.7						22.00		60		60		50

										MHz		20.7						23.00		60		60		50

																		24.00		60		60		51

				FM Pulsed		40dB				MHz		N/A						25.00		60		60		51

										MHz		N/A						26.00		60		60		52

										MHz		N/A						27.00		60		60		52

						Selected				MHz		20.7						28.00		60		60		53

																		29.00		60		60		53

																		30.00		60		60		54

																		31.00		60		60		54

																		32.00		60		60		55

																		33.00		60		60		55

																		34.00		60		60		55

																		35.00		60		60		56

																		36.00		60		60		56

																		37.00		60		60		57

																		38.00		60		60		57

																		39.00		60		60		57

																		40.00		60		60		58

																		41.00		60		60		58

																		42.00		60		60		58

																		43.00		60		60		59

																		44.00		60		60		59

																		45.00		60		60		59

																		46.00		60		60		59

																		47.00		60		60		60

																		48.00		60		60		60

																		49.00		60		60		60

																		50.00		60		60		60



Radar A

SM.1138	0	3	3	10.35	10.35	11	12	13	14	14.9	14.9	15	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	0	0	20	20	20	20	20	20	20	20	20	20	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	SM.853	0	3	3	10.35	10.35	11	12	13	14	14.9	14.9	15	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	0	0	20	20	20	20	20	20	20	20	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	SM.1541	0	3	3	10.35	10.35	11	12	13	14	14.9	14.9	15	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	0	0	0	0	40	40.793570060958658	41.92722688764065	42.970090075417005	43.935630576559042	44.747377558580126	44.747377558580126	44.834527277882344	44.834527277882344	45.675388985889647	46.465257147560123	47.209964659311083	47.914397534796777	48.582689376131341	49.218368348229482	49.824469930878095	50.403624586739689	50.95812675756008	51.489989766373029	52.000989945336443	52.492702430981524	52.96653044647848	53.423729443180584	53.865427147801775	54.292640321240086	54.706288855809085	55.107207702548529	55.496157017479561	55.873830836720174	56.240864529230521	56.597841228221753	56.945297404716214	57.283727717006883	57.613589246050779	57.935305207803971	58.24926821814892	58.555843173599499	58.855369800797526	59.148164919472208	59.434524456659126	59.714725244283429	59.989026627479518	60	60	Frequency Offset (MHz)

Attenuation (dBpp)



Radar B



		Characteristics								Units		Radar B				Frequency Offset (MHz)		SM.1138		SM.853		SM.1541



		Modulation										P0N

		Transmitter Power								kW		1320				0		0		0

		Pulse width								µs		1.03				2.5		0		0

		Pulse 		Rise time						µs						2.5		20		0

				Fall time						µs						3.1		20		0

		Chirp bandwidth								MHz						3.1		20		20

		RF emission bandwidth:		20 dB						MHz		5				12.6		20		20

				3 dB						MHz		0.6				12.6		60		20

																15.45		60		20

		SM.1138-2		K factor		Calculated						2.6				15.45		60		60

						Used						2.6				50		60		60

				20dB Bandwidth						MHz		5.0

				60 dB Bandwidth						MHz		25.2

				MHz

		SM.853-1		Case 1						MHz		N/A

				Case 2						MHz		N/A

				Case 3						MHz		6.2

				Bandwidth		20 dB 				MHz		6.2

						60 dB				MHz		30.9



		SM.1541-6		Non-FM		40dB				MHz		N/A

										MHz		N/A



				FM Pulsed		40dB				MHz		N/A

										MHz		N/A

										MHz		N/A









Radar B

SM.1138	0	2.5	2.5	3.1	3.1	12.6	12.6	15.45	15.45	50	0	0	20	20	20	20	60	60	60	60	SM.853	0	2.5	2.5	3.1	3.1	12.6	12.6	15.45	15.45	50	0	0	0	0	20	20	20	20	60	60	Frequency Offset (MHz)

Attenuation (dBpp)



Radar C



		Characteristics								Units		Radar C								Frequency Offset (MHz)		SM.1138		SM.853		SM.1541

												Short Pulse		Long Pulse

		Modulation										P0N, Q3N

		Transmitter Power								kW		25		25						0		0		0		0

		Pulse width								µs		1		89						1.25		0		0		0

		Pulse 		Rise time						µs		0.5		0.7						1.25		0		20		0

				Fall time						µs		0.32		1						1.3		0		20		0

		Chirp bandwidth								MHz		2		2						1.3		20		20		0

		RF emission bandwidth:		20 dB						MHz		2.6		5.6						5.25		20		20		0

				3 dB						MHz		1.9		1.9						5.25		20		20		40

																				6.35		20		20		42.48

		SM.1138-2		K factor		Calculated						1.3		249.2						6.35		20		60		42.48

						Used						1.3								6.5		20		60		42.78

				20dB Bandwidth						MHz		2.6								6.5		60		60		42.78

				60 dB Bandwidth						MHz		13.0								5.25		60		60		40.00

				MHz																5.25		60		60		40.00

		SM.853-1		Case 1						MHz		2.5		0.2						7		60		60		43.75

				Case 2						MHz		2.9		0.2						8		60		60		45.49

				Case 3						MHz		6.4		0.1						9		60		60		47.02

				Bandwidth		20 dB 				MHz		2.5								10		60		60		48.40

						60 dB				MHz		12.7								11		60		60		49.64

																				12		60		60		50.77

		SM.1541-6		Non-FM		40dB				MHz		10.7		0.7						13		60		60		51.81

										MHz		10.7								14		60		60		52.78

																				15		60		60		53.68

				FM Pulsed		40dB				MHz		10.5		5.3						16		60		60		54.52

										MHz		14.8		5.0						17		60		60		55.31

										MHz		10.5								18		60		60		56.05

						Selected 				MHz		10.5								19		60		60		56.76

																				20		60		60		57.43

																				21		60		60		58.06

																				22		60		60		58.67

																				23		60		60		59.25

																				24		60		60		59.80

																				25		60		60		60.00

																				26		60		60		60.00

																				27		60		60		60.00

																				28		60		60		60.00

																				29		60		60		60.00

																				30		60		60		60.00

																				31		60		60		60.00

																				32		60		60		60.00

																				33		60		60		60.00

																				34		60		60		60.00

																				35		60		60		60.00

																				36		60		60		60.00

																				37		60		60		60.00

																				38		60		60		60.00

																				39		60		60		60.00

																				40		60		60		60.00

																				41		60		60		60.00

																				42		60		60		60.00

																				43		60		60		60.00

																				44		60		60		60.00

																				45		60		60		60.00

																				46		60		60		60.00

																				47		60		60		60.00

																				48		60		60		60.00

																				49		60		60		60.00

																				50		60		60		60.00



Radar C

SM.1138	0	1.25	1.25	1.3	1.3	5.25	5.25	6.35	6.35	6.5	6.5	5.25	5.25	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	0	0	0	0	20	20	20	20	20	20	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	SM.853	0	1.25	1.25	1.3	1.3	5.25	5.25	6.35	6.35	6.5	6.5	5.25	5.25	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	0	0	20	20	20	20	20	20	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	SM.1541	0	1.25	1.25	1.3	1.3	5.25	5.25	6.35	6.35	6.5	6.5	5.25	5.25	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	0	0	0	0	0	0	40	42.478432656580566	42.478432656580566	42.78262159710696	42.78262159710696	40	40	43.748162098248997	45.487920507579602	47.022496181001038	48.395220897821289	49.637001452568043	50.770658279250036	51.813521467026398	52.779061968168435	53.67795866949173	54.51882037749904	55.308688539169509	56.053396050920476	56.757828926406162	57.426120767740727	58.061799739838875	58.667901322487481	59.247055978349081	59.801558149169473	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	Frequency Offset (MHz)

Attenuation (dBpp)



Radar F



		Characteristics								Units		Radar F												Frequency Offset (MHz)		SM.1138		SM.853		SM.1541

												Short Pulse				Long Pulse 

		Modulation										P0N, Q3N

		Transmitter Power								kW		70		70		70		70						0		0		0		0.0

		Pulse width								µs		0.4		0.5		20		27						1.9		0		0		0.0

		Pulse 		Rise time						µs		0.1		0.1		0.1		0.1						1.9		20		20		0.0

				Fall time						µs		0.1		0.1		0.1		0.1						4.5		20		20		0.0

		Chirp bandwidth								MHz		2		2		2		2						4.5		20		20		0.0

		RF emission bandwidth:		20 dB						MHz		3		3		3		3						7.9		20		20		0.0

				3 dB						MHz		2		2		2		2						7.9		20		20		40.0

																								8		20		20		40.2

		SM.1138-2		K factor		Calculated						0.6		0.8		30.0		40.5						9		20		20		41.7

						Used						0.8												9.4		20		20		42.3

				20dB Bandwidth						MHz		3.8												9.4		60		20		42.3

				60 dB Bandwidth						MHz		18.8												10		60		20		43.1

				MHz																				11		60		20		44.3

		SM.853-1		Case 1						MHz		9.0		8.0		1.3		1.1						12		60		20		45.4

				Case 2						MHz		9.0		8.0		1.3		1.1						13		60		20		46.5

				Case 3						MHz		15.9		12.7		0.3		0.2						14		60		20		47.5

				Bandwidth		20 dB 				MHz		9.0												15		60		20		48.4

						60 dB				MHz		44.8												16		60		20		49.2

																								17		60		20		50.0

		SM.1541-6		Non-FM		40dB				MHz		38.0		34.0		3.2		2.4						18		60		20		50.7

										MHz		38.0												19		60		20		51.4

																								20		60		20		52.1

				FM Pulsed		40dB				MHz		3.0		13.3		15.8		14.9						21		60		20		52.7

										MHz		42.1		38.1		9.5		8.8						22		60		20		53.3

										MHz		15.8												22.4		60		20		53.6

						Selected				MHz		15.8												22.4		60		60		53.6

																								23		60		60		53.9

																								24		60		60		54.5

																								25		60		60		55.0

																								26		60		60		55.5

																								27		60		60		56.0

																								28		60		60		56.5

																								29		60		60		56.9

																								30		60		60		57.4

																								31		60		60		57.8

																								32		60		60		58.2

																								33		60		60		58.6

																								34		60		60		59.0

																								35		60		60		59.4

																								36		60		60		59.8

																								37		60		60		60.0

																								38		60		60		60.0

																								39		60		60		60.0

																								40		60		60		60.0

																								41		60		60		60.0

																								42		60		60		60.0

																								43		60		60		60.0

																								44		60		60		60.0

																								45		60		60		60.0

																								46		60		60		60.0

																								47		60		60		60.0

																								48		60		60		60.0

																								49		60		60		60.0

																								50		60		60		60.0



Radar F
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Attenuation (dBpp)



Radar F1



		Characteristics								Units		Radar F1								Frequency Offset (MHz)		SM.1138		SM.853		SM.1541

												Short Pulse		Long Pulse 

		Modulation										P0N, Q3N

		Tranmitter Power								kW		40		40						0		0		0		0.0

		Pulse width								µs		1		1						1.6		0		0		0.0

		Pulse 		Rise time						µs		0.2		3						1.6		20		0		0.0

				Fall time						µs		0.2		3						2		20		0		0.0

		Chirp bandwidth								MHz		3		3						2		20		20		0.0

		RF emission bandwidth:		20 dB						MHz		3.2		3.2						4		20		20		0.0

				3 dB						MHz		0.6		0.6						4		60		20		0.0

																				5		60		20		0.0

		SM.1138-2		K factor		Calculated						1.6		1.6						5		60		60		0.0

						Used						1.6								9.5		60		60		0.0

				20dB Bandwidth						MHz		3.2								9.5		60		60		40.0

				60 dB Bandwidth						MHz		8.0								10		60		60		40.7

				MHz																11		60		60		41.9

		SM.853-1		Case 1						MHz		4.0		1.0						12		60		60		43.0

				Case 2						MHz		4.0		1.0						13		60		60		44.1

				Case 3						MHz		6.4		6.4						14		60		60		45.1

				Bandwidth		20 dB 				MHz		4.0								15		60		60		46.0

						60 dB				MHz		10.0								16		60		60		46.8

																				17		60		60		47.6

		SM.1541-6		Non-FM		40dB				MHz		17.0		4.4						18		60		60		48.3

										MHz		17.0								19		60		60		49.0

																				20		60		60		49.7

				FM Pulsed		40dB				MHz		19.0		7.0						21		60		60		50.3

										MHz		23.1		10.4						22		60		60		50.9

										MHz		19.0								23		60		60		51.5

						Selected				MHz		19.0								24		60		60		52.1

																				25		60		60		52.6

																				26		60		60		53.1

																				27		60		60		53.6

																				28		60		60		54.1

																				29		60		60		54.5

																				30		60		60		55.0

																				31		60		60		55.4

																				32		60		60		55.8

																				33		60		60		56.2

																				34		60		60		56.6

																				35		60		60		57.0

																				36		60		60		57.4

																				37		60		60		57.7
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Attenuation (dBpp)



Radar F2



		Characteristics								Units		Radar F2								Frequency Offset (MHz)		SM.1138		SM.853		SM.1541

												Short Pulse		Long Pulse 

		Modulation										P0N, Q3N

		Tranmitter Power								kW		160		160						0		0		0		0.0

		Pulse width								µs		1		1						1.6		0		0		0.0

		Pulse 		Rise time						µs		0.2		3						1.6		20		0		0.0

				Fall time						µs		0.2		3						2		20		0		0.0

		Chirp bandwidth								MHz		3		3						2		20		20		0.0

		RF emission bandwidth:		20 dB						MHz		3.2		3.2						4		20		20		0.0

				3 dB						MHz		0.6		0.6						4		60		20		0.0

																				5		60		20		0.0

		SM.1138-2		K factor		Calculated						1.6		1.6						5		60		60		0.0

						Used						1.6								9.5		60		60		0.0

				20dB Bandwidth						MHz		3.2								9.5		60		60		40.0

				60 dB Bandwidth						MHz		8.0								10		60		60		40.7

				MHz																11		60		60		41.9

		SM.853-1		Case 1						MHz		4.0		1.0						12		60		60		43.0

				Case 2						MHz		4.0		1.0						13		60		60		44.1

				Case 3						MHz		6.4		6.4						14		60		60		45.1

				Bandwidth		20 dB 				MHz		4.0								15		60		60		46.0

						60 dB				MHz		10.0								16		60		60		46.8

																				17		60		60		47.6

		SM.1541-6		Non-FM		40dB				MHz		13.9		3.6						18		60		60		48.3

										MHz		13.9								19		60		60		49.0

																				20		60		60		49.7

				FM Pulsed		40dB				MHz		19.0		7.0						21		60		60		50.3

										MHz		20.9		9.6						22		60		60		50.9

										MHz		19.0								23		60		60		51.5

						Selected				MHz		19.0								24		60		60		52.1

																				25		60		60		52.6

																				26		60		60		53.1

																				27		60		60		53.6

																				28		60		60		54.1

																				29		60		60		54.5

																				30		60		60		55.0

																				31		60		60		55.4

																				32		60		60		55.8

																				33		60		60		56.2

																				34		60		60		56.6

																				35		60		60		57.0

																				36		60		60		57.4

																				37		60		60		57.7

																				38		60		60		58.1

																				39		60		60		58.4

																				40		60		60		58.7

																				41		60		60		59.1

																				42		60		60		59.4

																				43		60		60		59.7

																				44		60		60		60.0

																				45		60		60		60.0

																				46		60		60		60.0

																				47		60		60		60.0

																				48		60		60		60.0

																				49		60		60		60.0

																				50		60		60		60.0
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Attenuation (dBpp)



Radar I



		Characteristics								Units		Radar I								Frequency Offset (MHz)		SM.1138		SM.853		SM.1541

												Short Pulse		Long Pulse 

		Modulation										P0N, Q3N, Non-linear FM

		Tranmitter Power								kW		60		60						0		0		0		0.0

		Pulse width								µs		0.4		40						0.45		0		0		0.0

		Pulse 		Rise time						µs		10		30						0.45		0		20		0.0

				Fall time						µs		10		30						1.1		0		20		0.0

		Chirp bandwidth								MHz		2.5		2.5						1.1		0		60		0.0

		RF emission bandwidth:		20 dB						MHz		3.5		3.5						1.75		0		60		0.0

				3 dB						MHz		2.5		2.5						1.75		20		60		0.0

																				2.35		20		60		0.0

		SM.1138-2		K factor		Calculated						0.7		70.0						2.35		20		60		40.0

						Used						0.7								3		20		60		43.2

				20dB Bandwidth						MHz		3.5								4		20		60		46.9

				60 dB Bandwidth						MHz		8.8								4.4		20		60		48.2

				MHz																4.4		60		60		48.2

		SM.853-1		Case 1						MHz		0.9		0.1						5		60		60		49.8

				Case 2						MHz		0.9		0.1						6		60		60		52.2

				Case 3						MHz		15.9		0.2						7		60		60		54.2

				Bandwidth		20 dB 				MHz		0.9								8		60		60		56.0

						60 dB				MHz		2.2								9		60		60		57.5

																				10		60		60		58.9

		SM.1541-6		Non-FM		40dB				MHz		3.8		0.2						11		60		60		60.0

										MHz		3.8								12		60		60		60.0

																				13		60		60		60.0

				FM Pulsed		40dB				MHz		4.7		4.0						14		60		60		60.0

										MHz		8.8		5.2						15		60		60		60.0

										MHz		4.7								16		60		60		60.0

						Selected				MHz		4.7								17		60		60		60.0

																				18		60		60		60.0

																				19		60		60		60.0

																				20		60		60		60.0

																				21		60		60		60.0

																				22		60		60		60.0

																				23		60		60		60.0

																				24		60		60		60.0

																				25		60		60		60.0

																				26		60		60		60.0

																				27		60		60		60.0

																				28		60		60		60.0

																				29		60		60		60.0

																				30		60		60		60.0

																				31		60		60		60.0

																				32		60		60		60.0

																				33		60		60		60.0

																				34		60		60		60.0

																				35		60		60		60.0

																				36		60		60		60.0

																				37		60		60		60.0

																				38		60		60		60.0

																				39		60		60		60.0

																				40		60		60		60.0

																				41		60		60		60.0

																				42		60		60		60.0

																				43		60		60		60.0

																				44		60		60		60.0

																				45		60		60		60.0

																				46		60		60		60.0

																				47		60		60		60.0

																				48		60		60		60.0

																				49		60		60		60.0

																				50		60		60		60.0
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Attenuation (dBpp)



Radar J



		Characteristics						Units		Radar J								Frequency Offset (MHz)		Attenuation

										Short Pulse		Long Pulse 								SM.1138		SM.853		SM.1541

		Modulation								P0N, Q3N, Non-linear FM

		Tranmitter Power						kW		200		200						0		0		0		0.0

		Pulse width						µs		0.1		200						0.9		0		0		0.0

		Pulse 		Rise time				µs		10		30						0.9		0		20		0.0

				Fall time				µs		10		30						7.5		0		20		0.0

		Chirp bandwidth						MHz		10		10						7.5		20		20		0.0

		RF emission bandwidth:		20 dB				MHz		15		15						8.1		20		20		0.0

				3 dB				MHz		10		10						8.1		20		20		40.0

																		9		20		20		41.4

		SM.1138-2		K factor		Calculated				0.8		1500.0						9		20		60		41.4

						Used				0.8								10		20		60		42.7

				20dB Bandwidth				MHz		15.0								11		20		60		44.0

				60 dB Bandwidth				MHz		75.0								12		20		60		45.1

				MHz														13		20		60		46.2

		SM.853-1		Case 1				MHz		1.8		0.0						14		20		60		47.1

				Case 2				MHz		1.8		0.0						15		20		60		48.0

				Case 3				MHz		63.6		0.0						16		20		60		48.9

				Bandwidth		20 dB 		MHz		1.8								17		20		60		49.7

						60 dB		MHz		9.0								18		20		60		50.4

																		21		20		60		52.4

		SM.1541-6		Non-FM		40dB		MHz		6.2		0.1						22		20		60		53.0

								MHz		6.2								23		20		60		53.6

																		24		20		60		54.2

				FM Pulsed		40dB		MHz		16.2		15.2						25		20		60		54.7

								MHz		26.2		20.1						26		20		60		55.2

								MHz		16.2								27		20		60		55.7

						Selected		MHz		16.2								28		20		60		56.2

																		29		20		60		56.6

																		30		20		60		57.1

																		31		20		60		57.5

																		32		20		60		57.9

																		33		20		60		58.3

																		34		20		60		58.7

																		35		20		60		59.1

																		36		20		60		59.4

																		37		20		60		59.8

																		37.5		20				60.0

																		37.5		60		60		60.0

																		38		60		60		60.0

																		39		60		60		60.0

																		40		60		60		60.0

																		41		60		60		60.0

																		42		60		60		60.0

																		43		60		60		60.0

																		44		60		60		60.0

																		45		60		60		60.0

																		46		60		60		60.0

																		47		60		60		60.0

																		48		60		60		60.0

																		49		60		60		60.0

																		50		60		60		60.0



Radar J
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Attenuation (dBpp)
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Interrogator Mode AC



		Characteristics						Units		Interrogator						Frequency Offset (MHz)		Attenuation

		Transmitter Power						kW		<100								SM.1138		SM.853		SM.1541		ICAO

		Pulse width						µs		0.8

		Pulse 		Rise time				µs		0.05						0		0		0		0.0		0

				Fall time				µs		0.05						4		0		0		0.0		0

		Chirp bandwidth						MHz								4		0		20		0.0		6

		RF emission bandwidth:		20 dB*				MHz		41.6						6		0		20		0.0		6

				6 dB				MHz		8						6		0		20		0.0		11

																8		0		20		0.0		11

		SM.1138-2		K factor		Calculated				16.6						8		0		20		0.0		15

						Used				16.6						10		0		20		0.0		15

				20dB Bandwidth				MHz		41.6						10		0		20		0.0		19

				60 dB Bandwidth				MHz		208.0						19		0		20		0.0		19

				MHz												19		0		20		40.0		19

		SM.853-1		Case 1				MHz		9.0						19.9		0		20		40.6		19

				Case 2				MHz		9.0						19.9		0		60		40.6		19

				Case 3				MHz		8.0						20		0		60		40.7		19

				Bandwidth		20 dB 		MHz		8.0						20		0		60		40.7		31

						60 dB		MHz		39.8						20.8		0		60		41.2		31

																20.8		20		60		41.2		31

		SM.1541-6		Non-FM		40dB		MHz		38.0						21		20		60		41.3		31

																22		20		60		41.9		31

		* Assumes linear interpolation between the -19 & -31dB points														23		20		60		42.5		31

																24		20		60		43.0		31

																25		20		60		43.6		31

																26		20		60		44.1		31

																27		20		60		44.6		31

																28		20		60		45.1		31

																29		20		60		45.5		31

																30		20		60		46.0		31

																30		20		60		46.0		38

																31		20		60		46.4		38

																32		20		60		46.8		38

																33		20		60		47.2		38

																34		20		60		47.6		38

																35		20		60		48.0		38

																36		20		60		48.3		38

																37		20		60		48.7		38

																38		20		60		49.0		38

																39		20		60		49.4		38

																40		20		60		49.7		38

																40		20		60		49.7		43

																41		20		60		50.0		43

																42		20		60		50.3		43

																43		20		60		50.6		43

																44		20		60		50.9		43

																45		20		60		51.2		43

																46		20		60		51.5		43

																47		20		60		51.8		43

																48		20		60		52.1		43

																49		20		60		52.3		43

																50		20		60		52.6		43

																50		20		60		52.6		47

																50.2		20		60		52.7		47

																50.2		20		60		52.7		47

																51		20		60		52.9		47

																52		20		60		53.1		47

																52		20		60		53.1		47

																53		20		60		53.4		47

																54		20		60		53.6		47

																55		20		60		53.8		47

																56		20		60		54.1		47

																57		20		60		54.3		47

																58		20		60		54.5		47

																59		20		60		54.8		47

																60		20		60		55.0		47

																60		20		60		55.0		50

																61		20		60		55.2		50

																62		20		60		55.4		50

																63		20		60		55.6		50

																64		20		60		55.8		50

																65		20		60		56.0		50

																66		20		60		56.2		50

																67		20		60		56.4		50

																68		20		60		56.6		50

																69		20		60		56.8		50

																70		20		60		57.0		50

																71		20		60		57.2		50

																72		20		60		57.4		50

																73		20		60		57.5		50

																74		20		60		57.7		50

																75		20		60		57.9		50

																76		20		60		58.1		50

																77		20		60		58.2		50

																78		20		60		58.4		50

																79		20		60		58.6		50

																80		20		60		58.7		50

																81		20		60		58.9		50

																82		20		60		59.1		50

																83		20		60		59.2		50

																84		20		60		59.4		50

																85		20		60		59.5		50

																86		20		60		59.7		50

																87		20		60		59.8		50

																88		20		60		60.0		50

																89		20		60		60.0		50

																90		20		60		60.0		50

																91		20		60		60.0		50

																92		20		60		60.0		50

																93		20		60		60.0		50

																94		20		60		60.0		50

																95		20		60		60.0		50

																96		20		60		60.0		50

																97		20		60		60.0		50

																98		20		60		60.0		50

																99		20		60		60.0		50

																100		20		60		60.0		50

																101		20		60		60.0		50

																102		20		60		60.0		50

																103		20		60		60.0		50

																104		20		60		60.0		50

																104		60		60		60.0		50

																105		60		60		60.0		50

																106		60		60		60.0		50

																107		60		60		60.0		50

																108		60		60		60.0		50

																109		60		60		60.0		50

																110		60		60		60.0		50
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Transponder Mode AC



		Characteristics						Units		Transponder						Frequency Offset (MHz)		Attenuation

		Transmitter Power						kW		0.5								SM.1138		SM.853		SM.1541		ICAO

		Pulse width						µs		0.45

		Pulse 		Rise time				µs		0.05						0		0		0		0.0		0

				Fall time				µs		0.05						1.3		0		0		0.0		0

		Chirp bandwidth						MHz								1.3		0		0		0.0		3

		RF emission bandwidth:		20 dB				MHz		14						5.95		0		0		0.0		3

				3dB				MHz		2.6						5.95		0		20		0.0		3

																7		0		20		0.0		3

		SM.1138-2		K factor		Calculated				3.2						7		20		20		0.0		20

						Used				3.2						23		20		20		0.0		20

				20dB Bandwidth				MHz		14.0						23		20		20		0.0		40

				60 dB Bandwidth				MHz		70.0						25.35		20		20		0.0		40

				MHz												25.35		20		20		40.0		40

		SM.853-1		Case 1				MHz		11.9						26		20		20		40.3		40

				Case 2				MHz		12.0						27		20		20		40.8		40

				Case 3				MHz		14.1						28		20		20		41.3		40

				Bandwidth		20 dB 		MHz		11.9						29		20		20		41.8		40

						60 dB		MHz		59.7						29.85		20		20		42.1		40

																29.85		20		60		42.1		40

		SM.1541-6		Non-FM		40dB		MHz		50.7						30		20		60		42.2		40

																30		20		60		42.2		40

		* Assumes linear interpolation between the -19 & -31dB points														31		20		60		42.6		40

																32		20		60		43.0		40

																33		20		60		43.4		40

																34		20		60		43.8		40

																35		20		60		44.2		40

																35		60		60		44.2		40

																36		60		60		44.6		40

																37		60		60		44.9		40

																38		60		60		45.3		40

																39		60		60		45.6		40

																40		60		60		45.9		40

																40		60		60		45.9		40

																41		60		60		46.3		40

																42		60		60		46.6		40

																43		60		60		46.9		40

																44		60		60		47.2		40

																45		60		60		47.5		40

																46		60		60		47.8		40

																47		60		60		48.0		40

																48		60		60		48.3		40

																49		60		60		48.6		40

																50		60		60		48.8		40

																50		60		60		48.8		40

																50.2		60		60		48.9		40

																50.2		60		60		48.9		40

																51		60		60		49.1		40

																52		60		60		49.4		40

																52		60		60		49.4		40

																53		60		60		49.6		40

																54		60		60		49.9		40

																55		60		60		50.1		40

																56		60		60		50.3		40

																57		60		60		50.6		40

																58		60		60		50.8		40

																59		60		60		51.0		40

																60		60		60		51.2		40

																60		60		60		51.2		40

																61		60		60		51.4		40

																62		60		60		51.7		40

																63		60		60		51.9		40

																64		60		60		52.1		40

																65		60		60		52.3		40

																66		60		60		52.5		40

																67		60		60		52.7		40

																68		60		60		52.9		40

																69		60		60		53.0		40

																70		60		60		53.2		40

																71		60		60		53.4		40

																72		60		60		53.6		40

																73		60		60		53.8		40

																74		60		60		54.0		40

																75		60		60		54.1		40

																76		60		60		54.3		40

																77		60		60		54.5		40

																78		60		60		54.6		40

																78		60		60		54.6		60

																79		60		60		54.8		60

																80		60		60		55.0		60

																81		60		60		55.1		60

																82		60		60		55.3		60

																83		60		60		55.5		60

																84		60		60		55.6		60

																85		60		60		55.8		60

																86		60		60		55.9		60

																87		60		60		56.1		60

																88		60		60		56.2		60

																89		60		60		56.4		60

																90		60		60		56.5		60

																91		60		60		56.7		60

																92		60		60		56.8		60

																93		60		60		56.9		60

																94		60		60		57.1		60

																95		60		60		57.2		60

																96		60		60		57.3		60

																97		60		60		57.5		60

																98		60		60		57.6		60

																99		60		60		57.7		60

																100		60		60		57.9		60

																101		60		60		58.0		60

																102		60		60		58.1		60

																103		60		60		58.3		60

																104		60		60		58.4		60

																105		60		60		58.5		60

																106		60		60		58.6		60

																107		60		60		58.8		60

																108		60		60		58.9		60

																109		60		60		59.0		60

																110		60		60		59.1		60
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Mode S



		Characteristics						Units		Transponder						Frequency Offset (MHz)		Attenuation

		Transmitter Power						kW		<100kW								SM.1138		SM.853		SM.1541		ICAO

		Pulse width						µs		0.8

		Pulse 		Rise time				µs		0.05						0		0		0		0.0		0

				Fall time				µs		0.05						1.3		0		0		0.0		0

		Chirp bandwidth						MHz								1.3		0		0		0.0		3

		RF emission bandwidth:		20 dB				MHz		14						4		0		0		0.0		3

				3dB				MHz		2.6						4		0		20		0.0		3

																7		0		20		0.0		3

		SM.1138-2		K factor		Calculated				5.6						7		20		20		0.0		20

						Used				5.6						9.95		20		20		0.0		20

				20dB Bandwidth				MHz		14.0						9.95		20		20		0.0		20

				60 dB Bandwidth				MHz		70.0						17.5		20		20		0.0		20

				MHz												17.5		20		20		0.0		20

		SM.853-1		Case 1				MHz		9.0						19		20		20		0.0		20

				Case 2				MHz		9.0						19		20		20		40.0		20

				Case 3				MHz		8.0						19.9		20		20		40.6		20

				Bandwidth		20 dB 		MHz		8.0						19.9		20		60		40.6		20

						60 dB		MHz		39.8						23		20		60		42.5		20

																23		20		60		42.5		40

		SM.1541-6		Non-FM		40dB		MHz		38.0						26		20		60		44.1		40

																27		20		60		44.6		40

																28		20		60		45.1		40

																29		20		60		45.5		40

																30		20		60		46.0		40

																30		20		60		46.0		40

																31		20		60		46.4		40

																32		20		60		46.8		40

																33		20		60		47.2		40

																34		20		60		47.6		40

																35		20		60		48.0		40

																35		60		60		48.0		40

																36		60		60		48.3		40

																37		60		60		48.7		40

																38		60		60		49.0		40

																39		60		60		49.4		40

																40		60		60		49.7		40

																40		60		60		49.7		40

																41		60		60		50.0		40

																42		60		60		50.3		40

																43		60		60		50.6		40

																44		60		60		50.9		40

																45		60		60		51.2		40

																46		60		60		51.5		40

																47		60		60		51.8		40

																48		60		60		52.1		40

																49		60		60		52.3		40

																50		60		60		52.6		40

																50		60		60		52.6		40

																50.2		60		60		52.7		40

																50.2		60		60		52.7		40

																51		60		60		52.9		40

																52		60		60		53.1		40

																52		60		60		53.1		40

																53		60		60		53.4		40

																54		60		60		53.6		40

																55		60		60		53.8		40

																56		60		60		54.1		40

																57		60		60		54.3		40

																58		60		60		54.5		40

																59		60		60		54.8		40

																60		60		60		55.0		40

																60		60		60		55.0		40

																61		60		60		55.2		40

																62		60		60		55.4		40

																63		60		60		55.6		40

																64		60		60		55.8		40

																65		60		60		56.0		40

																66		60		60		56.2		40

																67		60		60		56.4		40

																68		60		60		56.6		40

																69		60		60		56.8		40

																70		60		60		57.0		40

																71		60		60		57.2		40

																72		60		60		57.4		40

																73		60		60		57.5		40

																74		60		60		57.7		40

																75		60		60		57.9		40

																76		60		60		58.1		40

																77		60		60		58.2		40

																78		60		60		58.4		40

																78		60		60		58.4		60

																79		60		60		58.6		60

																80		60		60		58.7		60

																81		60		60		58.9		60

																82		60		60		59.1		60

																83		60		60		59.2		60

																84		60		60		59.4		60

																85		60		60		59.5		60

																86		60		60		59.7		60

																87		60		60		59.8		60

																88		60		60		60.0		60

																89		60		60		60.0		60

																90		60		60		60.0		60

																91		60		60		60.0		60

																92		60		60		60.0		60

																93		60		60		60.0		60

																94		60		60		60.0		60

																95		60		60		60.0		60

																96		60		60		60.0		60

																97		60		60		60.0		60

																98		60		60		60.0		60

																99		60		60		60.0		60

																100		60		60		60.0		60

																101		60		60		60.0		60

																102		60		60		60.0		60

																103		60		60		60.0		60

																104		60		60		60.0		60

																105		60		60		60.0		60

																106		60		60		60.0		60

																107		60		60		60.0		60

																108		60		60		60.0		60

																109		60		60		60.0		60

																110		60		60		60.0		60
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