RECOMMENDATION  ITU-R  SA.1022


METHODOLOGY  FOR  DETERMINING  INTERFERENCE  CRITERIA  �FOR  SYSTEMS  IN  THE  EARTH  EXPLORATION-SATELLITE  AND�METEOROLOGICAL-SATELLITE  SERVICES


(Question ITU-R 138/7)


(1994)


Rec. ITU-R SA.1022


The ITU Radiocommunication Assembly,


considering


a)	that system designers require guidance on the levels of radio-frequency interference that their systems should tolerate;


b)	that permissible total levels of interference for systems operating in the Earth exploration-satellite and meteorological-satellite services should be based on performance objectives for those services;


c)	that, although specific systems may have performance objectives that differ from those recommended for the service, all systems operating in the Earth exploration-satellite and meteorological-satellite services should accommodate interference thresholds greater than or equal to the permissible levels of interference that are recommended for the service;


d)	that the methodology used to develop interference criteria for the Earth exploration-satellite and meteorogical�satellite services may be applied to a specific system in order to determine the extent to which the permissible total levels of interference may be exceeded while meeting performance specifications for the system,


recommends


1.	that the methodology of Annex 1 be used for the development of interference criteria for the Earth exploration�satellite and meteorological-satellite services;


2.	that the methodology of Annex 1 be used for the determination of interference thresholds for specific systems, with the proviso that these thresholds must be greater than or equal to the permissible levels established for the services according to § 1 above and specified in the relevant Recommendations.





ANNEX  1


Methodology for determining interference criteria


1.	Long-term interference


	Whether based on meeting minimum performance objectives or an acceptable degradation of performance otherwise achievable without interference, the long-term interference criteria can be specified as the interfering signal power levels, to be exceeded for no more than 20% of the time. This relationship is defined in equations (1) and (2) below. An allowance of 33% of the short-term intra-system noise power for inter-system interference (I/N = –4.8 dB) is assumed, corresponding to a 1.25 dB reduction in performance; thus, the value of the parameter [n/(n + i)] in equation (1) must be 3/4. An allowance of 33% of the intra-system degradation would permit system designers to retain effective control over system performance. The short-term time percentage p to be used in the performance analysis is the percentage of time corresponding to the unavailability, i.e. the percentage of time that system performance may be degraded below the performance objective.


�
		�eq \b\bc\((\f(c,n  +  i)) \s\do8(p)  =  \b\bc\((\f(c,n\s\do1( ))) \s\do8(p)  \b\bc\((\f(n,n \s\do1( )+  i)) \s\do8(20)�	(1)


		�eq i20  =  n  \b\bc\((\b\bc\((\f(c,n)) \s\do8(p)  \b\bc\((\f(n  +  i,c)) \s\do8(p))  –  n�	(2)


where:


c :	carrier power (W)


n :	noise power (W), including all noise internal to the system under study


i :	total interfering signal power (W)


p  =  p1 + p2 (unavailability, percentage of time, e.g. 0.1%)


p1 :	percentage of time that intra-system degradation may result in performance below the performance objective (p1 = 0.75 p)


p2 :	percentage of time that inter-system degradation may result in performance below the performance objective (p2 = 0.25 p).


	Equation (1) states that short-term carrier-to-noise plus interference performance equals the short-term carrier-to-noise power ratio multiplied by long-term noise-to-noise plus interference power ratio. This formula makes possible the assignment of short-term and long-term percentages of time to the terms involving c and i, because these parameters are mutually independent in a statistical sense. An assumption is made that the variability of C/N dominates the determination of i (20) while n/(n + i) is near its mean value.


	Equation (2) results from rearrangement of the terms in equation (1) to solve for permissible interference to be exceeded for no more than 20% of the time.


2.	Procedure for derivation of long-term interference criteria


	The determination of long-term interference criteria (i20) is carried out on the basis that the link is faded. Then:


		i20  =  np1 (dB)  +  Mp1  (dB)  –  4.8mmmmmmdB	(3)


where:


Mp1 :	ratio (dB) of cp1 to the minimum carrier power required to meet the performance objective for p1% of the time


p1  =	0.75 p where p is 100% – the availability requirement in per cent.


3.	Short-term interference


	The short-term interference criteria can be specified as the interfering signal power level, to be exceeded for no more than a small percentage of the time (p2). Equations (4) and (5) describe this relationship. The time percentage p2 should be taken to be 0.25 p in order to allow the system designer to maintain control over system performance. The small value of p2 also ensures that the probability remains small that interference will be enhanced and desired signal will be faded simultaneously.


		�eq \b\bc\((\f(n,n  +  i)) \s\do8(p2)  =  \b\bc\((\f(c,n  +  i)) \s\do8(20)  \b\bc\((\f(n,c)) \s\do8(20)�	(4)


		�eq ip2  =  n  \b\bc\((\b\bc\((\f(n  +  i,c)) \s\dop10(20)  \b\bc\((\f(c,n)) \s\dop10(20))  –  n�	(5)


�
4.	Procedure for derivation of short-term interference criteria


	The determination of short-term interference criteria (ip2) is carried out on the basis that the link is unfaded. Then:


		ip2  =  n20 (dB)  +  10 log �eq \b\bc\((10\s\up8(M20 /10)\f( , ) –  1)�	(6)


where:


M20 :	ratio (dB) of c20 to the minimum carrier power required to meet the performance objective for 20% of the time.


5.	Generalization of interference criteria


	The long-term and short-term interference criteria are determined using equations (3) and (6) with values for M and n determined in the analysis of performance achievable in the absence of inter-system interference. This performance analysis is based on representative systems, and, therefore, the calculated criteria apply specifically to these systems. For other systems, the values of interference criteria will be dependent on the antenna gain of the receiving earth station. The interference criteria for the representative space-to-Earth link can be scaled to apply to links having earth stations with antenna sizes different from that of the standard link. Two methods are given below. Method 1 is used if the link has excess margin above that required to meet the performance objective in the presence of interference. Method 2 is used if the interference criteria have been established to provide link performance in the presence of interference which equals the performance objectives with no excess margin.


5.1	Method 1


		i  =  g  (ir /gr)	(7)


where:


i  :	permissible level of interference power (W) for the specific earth station under consideration


g :	antenna gain of the specific earth station under consideration


ir :	permissible level of interference power (W) for the representative earth station


gr :	antenna gain of the representative earth station.


5.2	Method 2


		i  =  ir (g /gr)  –  n (1  –  g /gr)	(8)


where:


n :	intra-system noise power (W) of the standard system.
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