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Agenda item 7 RNSS issues

Excerpts from Draft GNSSP Spectrum Subgroup Report:

Proposed changes to PDNR  “Methodology for assessing the impact of the radionavigation-satellite service (space-to-Earth) on the aeronautical radionavigation service (DME/TACAN) in the band 1 164-1 215 MHz”
(Presented by the Secretary)
1.
Introduction

The GNSSP Spectrum Subgroup (SSG) met from 8th to 12th April 2002 in Washington, DC. The draft meeting report contains proposals for changes to the PDNR on impact of RNSS on DME/TACAN developed by ITU-R WP8D. The PDNR developed by WP8D is contained in AMCP WPF812 . The changes proposed by the GNSSP SSG are shown in the Annex to this WP. 

2.
Action by WGF8

The WGF8 meeting is requested to review the proposed changes with regard to their correctness and suitability for submission to ITU-R WP8D. In its review, the meeting should take into account the following points: 

· The proposed changes to Table 1 of the PDNR, if accepted in the substance, will be reformatted to be consistent with the format used by ITU-R 

· An explanation should be provided of why the proposed new Table 2 shows Grmax at 

–10( , whereas the corresponding Table in the PDNR shows Grmax at -3(. Is this simply due to an extension of the range of elevation angles considered in the table or are there other reasons? 

· At least a rough quantitative justification of the new PDNR text proposed in paragraph 4.9 of the draft GNSSP SSG report should be provided. In other words, on what basis is a CDF showing  epfd higher
 than –122.5 dBW/m2/MHz at 1% considered equivalent to a CDF with epfd higher1 than –121.5 dBW/m2/MHz at 0% ? 

ANNEX

Section 4 of Draft GNSSP Spectrum Subgroup Report

4. 
Agenda Item 3 - Review of results from ITU Working Parties 8B and 8D 

4.1
At its previous meetings in Banff and Montreal, the SSG determined an aggregate power level in terms of a power flux density (pfd) from RNSSs that would protect aviation radio-navigation services, i.e. DME operating in the 1164 to 1215 MHz ARNS band. The aggregate power was determined to be –116.6 dBW/m2/MHz. It had also considered possible methods of determining how the aggregate power could be divided between different RNSSs operating in the band. No clear conclusions had been formed on the latter issue. However the ITU WP8D had developed the concept of using an equivalent power flux density (epfd), which was presented to the SSG in WP 19 (Attachment 6 to ITU Working Party 8D report, November 2001). 

4.2
The definition of epfd was based on Article 22.5C of the radio regulations. ‘When an antenna receives power within its reference bandwidth, simultaneously from transmitters at various distances, in various directions and at various levels of incident power flux density, the epfd is that power flux-density that if received from a single transmitter in the far field of the antenna in the direction of maximum gain would produce the same power at the input to the receiver as is actually received from the aggregate of the various transmitters’. It was noted that the epfd methodology would enable a better protection of ARNS from future RNSS including any GEOs operating in the band.  

4.3
WPs 14, 19 and 23 presented the results of the Report of the meeting of  ITU-R WP8D (November 2001) on the methodology for assessing the impact of the RNSS (s-E) on ARNS in the band 1164-1215 MHz. ITU-R had accepted ICAO’s input of the –116.6 dBW/m2/MHz pfd limit but had preferred the concept of epfd. The SSG noted that the WP 8D  introduced  a number of modifications, particularly: 

-
a specific definition of the radiation pattern used was the small aircraft pattern as defined by the SSG with the maximum gain and its direction;

 a protection value with a 1% probability of causing harmful interference (which  was refered for ICAO comment).

4.4
WP14 examined the use of epfd and showed an analysis of a theoretical worst case of an aggregate epfd, assuming that two NGSO RNSS systems are operating at maximum power and are received in the victim DME main beam with a worst case 7 dB antenna gain.  The paper also discussed that epfd is the preferred method for determining an aggregate protection level between ARNS and RNSS.

4.5
WP23 discussed further the merits of the epfd method, and explained the CEPT position of a limit of –121.5 dBW/m2/MHz. The paper proposed a reference antenna pattern  representing ICAO input to ITU-R Working Party 8D RNSS PDNR.

4.6
The discussion of the meeting then covered the merits of the pfd vs. epfd, and the technical content of WP14 and WP23.  As a result of discussions on the epfd proposal, the SSG agreed to the epfd concept because:

-
EPFD takes into account the contribution of GSO satellites in a more realistic manner than the pfd limit as the worst case antenna gain towards a GSO satellite is approximately 2 dBi, and

the average receiver antenna gain is a function of user location and vary from the NGSO RNSS system because it is a function of the number of satellites and the satellite location.

4.7
The SSG concluded that the table used in the original pfd calculation should be modified for epfd. Accodingly, Table 1 as shown below should be presented by ICAO to the ITU WP 8D meeting.

TABLE 1.
EPFD limit to protect DME interrogator/receiver

	
	Parameter
	Value
	Reference

	1
	DME RNSS interference threshold (at antenna port) in the DME receiver bandwidth of 650 kHz 
	(130.9 dBW/650kHz
	MOPS DO-189, 2.2.16

R(CW)=-129dBW

R=R(CW) - T

T=0+10log(1000/650)=1.9

R-T = -130.9

	2
	Maximum antenna gain including polarisation diversity towards interference
	3.4 dB
	( 5.4dB antenna gain, -2.0 dB circular-to-linear polarisation mismatch)



	3
	Effective area of 0 dBi antenna at 1 176 MHz
	(22.9 dB/m2
	

	4
	Aggregate interference in the DME bandwidth 
	( 111.4 dBW/m2/650 kHz
	Combine 1,2 and 3

	5
	Conversion to MHz
(assumes a 650 kHz DME bandwidth)
	1.9 dB
	10 log (1 MHz/DME BW) 
Industry reference

	6
	Aggregate interference in 1 MHz
	-109.5. dBW/m2/MHz
	Combine 4 and 5

	7
	Safety margin
	6 dB
	ITU

	8 
	Apportionment of RNSS interference to all the interference sources
	6 dB 
	X =6 dB See section 1.3 

	9
	Aggregate RNSS (s-E) interference 
	(121.5 
dBW/m2/MHz
	Combine 6, 7 and 8


4.8
The meeting further agreed that, the following antenna pattern should be used as a reference antenna pattern when calculating the epfd produced by frequency overlapping RNSS systems. This antenna pattern should be provided to ITU WP 8D  by ICAO.

TABLE 2.
Reference ARNS antenna pattern

	Elevation angle in °
	Antenna gain including circular- to-linear polarisation mismatch

Gr/Grmax in dB
	Elevation angle in °
	Antenna gain including circular- to-linear polarisation mismatch

Gr/Grmax in dB
	Elevation angle in °
	Antenna gain including circular- to-linear polarisation mismatch

Gr/Grmax in dB

	-90
	-17.22
	22
	-10.72
	57
	-15.28

	-80
	-14.04
	23
	-10.81
	58
	-15.49

	-70
	-10.51
	24
	-10.9
	59
	-15.67

	-60
	-8.84
	25
	-10.98
	60
	-15.82

	-50
	-5.4
	26
	-11.06
	61
	-16.29

	-40
	-3.13
	27
	-11.14
	62
	-16.74

	-30
	-0.57
	28
	-11.22
	63
	-17.19

	-20
	-1.08
	29
	-11.29
	64
	-17.63

	-10
	0
	30
	-11.36
	65
	-18.06

	-5
	-1.21
	31
	-11.45
	66
	-18.48

	-3
	-1.71
	32
	-11.53
	67
	-18.89

	-2
	-1.95
	33
	-11.6
	68
	-19.29

	-1
	-2.19
	34
	-11.66
	69
	-19.69

	0
	-2.43
	35
	-11.71
	70
	-20.08

	1
	-2.85
	36
	-11.75
	71
	-20.55

	2
	-3.26
	37
	-11.78
	72
	-20.99

	3
	-3.66
	38
	-11.79
	73
	-21.41

	4
	-4.18
	39
	-11.8
	74
	-21.8

	5
	-4.69
	40
	-11.79
	75
	-22.15

	6
	-5.2
	41
	-12.01
	76
	-22.48

	7
	-5.71
	42
	-12.21
	77
	-22.78

	8
	-6.21
	43
	-12.39
	78
	-23.06

	9
	-6.72
	44
	-12.55
	79
	-23.3

	10
	-7.22
	45
	-12.7
	80
	-23.53

	11
	-7.58
	46
	-12.83
	81
	-23.44

	12
	-7.94
	47
	-12.95
	82
	-23.35

	13
	-8.29
	48
	-13.05
	83
	-23.24

	14
	-8.63
	49
	-13.14
	84
	-23.13

	15
	-8.97
	50
	-13.21
	85
	-23.01

	16
	-9.29
	51
	-13.56
	86
	-22.88

	17
	-9.61
	52
	-13.9
	87
	-22.73

	18
	-9.93
	53
	-14.22
	88
	-22.57

	19
	-10.23
	54
	-14.51
	89
	-22.4

	20
	-10.52
	55
	-14.79
	90
	-22.21

	21
	-10.62
	56
	-15.05
	
	


Note.-The maximum antenna gain (Grmax) is 3.4 dBi taking into consideration the 2 dB circular-to-linear polarization mismatch.  Linear interpolation should be used between the value of the elevation angle.

FIGURE 1.  REFERENCE ARNS ANTENNA PATTERN TO BE USED IN EPFD CALCULATION

(Ed. Note.- The wording at the top of  the figure should be removed or modified as per the above title)
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4.9

The SSG further agreed to the following sentence to be added in the PDNR (document 8D/255 attachment 6 in annex 2 section 2 instead of the last sentence) and to be taken by ICAO to the ITU WP 8D meeting:

“Those cumulative distribution functions (CDF) have to always be below the value of –121.5 dBW/m2/MHz. However, due to the practical impossibility of performing a simulation in order to obtain the epfd value, which will never be exceeded (0% of the CDF), the value at 1% of the CDF plus 1dB could be considered as an acceptable estimate of the value at 0% of the CDF. Therefore, if the result of calculation gives at 1% of the CDF an epfd lower than –122,5 dBW/m2/MHz, the RNSS systems are considered complying with the limit of –121.5 dBW/m2/MHz at 0% of the CDF.” 

4.10
In  WP14, several questions on information provided in the RNSS PDNR, were raised requesting clarification: 

4.10.1
In section 1.1.1 the last sentence read “The range of interfering RNSS wideband signals (measured in 650 KHz) applied to DME was –81 dBm to –93 dBm.”. But from Figure 2, the power in 650 KHz appeared to be much higher (at least 10 dB) than these numbers.  Although it was understood that these figures represent examples, it was suggested that it be re-labled as “Spectrum Example RNSS of a Wideband signal“.

4.10.2
Section 1.1.2 stated “DME showed 1.9 dB (in 650 kHz) more susceptibility to RNSS emissions than to CW interference emissions. Measurement variation of about (1 dB was noted, as was a performance variation of about (3 dB between the different DMEs.” It was proposed to delete the second sentence since the proposed effect was the minimum degradation, so there was no variation.

4.10.3
In equation (1) the user latitude seemed to be fixed which should also be parameterized while computing the limit for clarification.

4.11
WP 15  presented the draft CITEL position for WRC 2003 agenda item 1.15, Resolution 605. The meeting noted the paper. 

[…]
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� Not “lower” as stated in the GNSSP SSG draft report
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