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The CPM Report to WRC-03 presented five options and three options for the possible power flux-density (pfd) limits at the surface of the Earth to protect the fixed service (FS) from HEO FSS satellite emissions in the 4 and 11/12 GHz bands, respectively. The April 2003 meeting of ITU‑R Working Party 4-9S, in its revised preliminary draft new Recommendation (PDNR) ITU‑R SF.[4‑9S/HESAT] (see Document 4-9S/TEMP/140) identified three options and two options for the 4 and 11/12 GHz bands, respectively, for further consideration.

Based on a further study on this issue, as presented in Annexes 1 and 2, it is proposed that provisionally the following pfd masks should be incorporated into RR Table 21-4 and that the Conference should request ITU-R to carry out further studies on this issue.

Proposals

ARTICLE  21

TABLE  21-4     (WRC-2000)
MOD
J/58A11/1
The pfd mask for the band 3 700-4 200 MHz shall be provisionally as follows:


–140       


dB(W/m2) in 1 MHz

for 0°
≤ θ ≤ 5°

–140 + 0.8 (θ – 5)       

dB(W/m2) in 1 MHz

for 5°
< θ ≤ 25°

–124



dB(W/m2) in 1 MHz

for 25°
< θ ≤ 90°
MOD
J/58A11/2

The pfd mask for the band 10.7-1.7 GHz shall be provisionally as follows:


–126



dB(W/m2) in 1 MHz

for 0°
≤ θ ≤ 5°

–126 + 0.5 (θ – 5)

dB(W/m2) in 1 MHz

for 5°
< θ ≤ 25°


–116



dB(W/m2) in 1 MHz

for 25°
< θ ≤ 90°
The pfd mask for the band 11.7-12.7 GHz shall be provisionally as follows:


–124



dB(W/m2) in 1 MHz

for 0°
≤ θ ≤ 5°

–124 + 0.5 (θ – 5)

dB(W/m2) in 1 MHz

for 5°
< θ ≤ 25°

–114



dB(W/m2) in 1 MHz

for 25°
< θ ≤ 90°
MOD
J/58A11/3

The above pfd masks shall apply to a non-geostationary FSS satellite employing an orbit whose inclination angle is between 35° and 145° and apogee altitude is higher than 18 000 km.

ANNEX 1

Evaluation of 4 GHz band pfd masks

1
Introduction

Among the five pfd masks listed in the CPM Report to WRC-03, the PDNR ITU‑R SF.[4‑9S/HESAT] developed by ITU-R Working Party 4-9S in April 2003 (see Document 4‑9S/TEMP/140) identified the three options in Table 1 as appropriate for further study:
TABLE 1 – 4 GHz band pfd masks contained in PDNR ITU-R SF.[4-9S/HESAT]

	Mask (4 GHz)
	pfd levels (dB(W/m2) in 1 MHz) for angle of arrival, θ

	
	0° ≤ θ ≤ 5°
	5° < θ ≤ 25°
	25° < θ ≤ 90°

	A (CPM)
	–136
	–136 + 0.5 (θ – 5)
	–126

	B (CPM)
	–142
	–142 + 0.9 (θ – 5)
	–124

	C (CPM)
	–147
	–147 + 1.15 (θ – 5)
	–124


In addition, some variations as given in Table 2, which includes a number of slightly different masks, will be used for the purpose of a parametric study in this Annex. The reasons for choosing these masks will be explained in the next section.
TABLE 2 ( Additional 4 GHz band pfd masks used for a parametric study

	Mask (4 GHz)
	pfd levels (dB(W/m2) in 1 MHz) for angle of arrival, θ

	
	0° ≤ θ ≤ 5°
	5° < θ ≤ 25°
	25° < θ ≤ 90°

	A1
	–138
	–138 + 0.5 (θ – 5)
	–128

	B1
	–140
	–140 + 0.8 (θ – 5)
	–124

	C1
	–145
	–145 + 1.05 (θ – 5)
	–124


Table 3 presents the average number of active HEO satellites visible from an FS station at various latitudes for the case of 36 Molniya type active satellites with uniform longitudinal spacing.
TABLE 3 – Average number of visible active HEO satellites at various latitudes
(in the case of 36 Molniya type active HEO satellites) 

	Latitude
	0°
	10°
	20°
	30°
	40°
	50°
	60°

	Average visible active HEO satellites
	14.5

(40%)
	17.8

(49%)
	21.3

(59%)
	25.7

(71%)
	32.7

(91%)
	35.4

(98%)
	36.0

(100%)


2
Comments on various pfd masks chosen for study

PDNR ITU-R SF.[4-9S/HESAT], in its Annex 1, states that in view of various parameters representing the worst‑case assumptions, the actual pfd mask to be adopted for the regulatory purpose may be 2 dB higher at all arrival angles than the pfd mask used for calculations. Such factors may include assumptions that all satellites emit the power at the maximum allowable level to any directions and all FS stations adopt diversity reception.

The polarization advantage and the gaseous attenuation that are not included in the calculations will also contribute to a reduction of interference. Therefore, the above statement that at least 2 dB higher pfd mask will be allowed is generally supported. For this reason, Mask A1 is used for the calculations in order to examine the applicability of Mask A. Along the same line, if Mask B is acceptable to FS systems from the results of calculations, it will support the inclusion of Mask B1 into the regulation. Mask C1 was also chosen for the purpose of a parametric study.

3
Station basis interference evaluation

It seems that many administrations have analysed the interference into FS systems on a station-by-station basis. For this reason, the results of interference evaluation on this basis are presented to begin with.

3.1
FS parameters

The following FS parameters were used in the analysis:


Representative frequency: 3.95 GHz


FS station latitude: 0°, 10°, 20°, 30°, 40°, 50° and 60°

FS antenna diameter: 3 m


FS antenna altitude above sea level: 0 m


FS antenna elevation: 0 degrees or distributed in the range of –3 ~ +3 degrees


FS antenna azimuth: uniformly distributed over 0 ~ 360 degrees


FS antenna longitude: uniformly distributed


FS feeder loss: 3 dB


FS receiver noise temperature: 750 K


FS antenna radiation pattern: Recommendation ITU-R F.1245


Polarization discrimination: none


Gaseous attenuation: none


FDP evaluation:
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(1)

where:


fi:
probability of i-th event


Ii:
aggregate interference from all visible satellites at the i-th event


NT:
receiver thermal noise.
Equation (1) corresponds to FS systems employing diversity reception (see Recommendation ITU‑R F.1108, Annex 4, or Recommendation ITU-R SF.1320), which is a typical technique in the 4 GHz band FS systems.

For the remaining part of this section, 0° FS antenna elevation angle will be assumed. The effects of variable FS antenna elevation angles will be discussed in § 5.

3.2
FSS parameters

Provisionally, Molniya model (36 active satellites) is used for the interference evaluation. The result of interference evaluation for USAKU-H2 model (45 active HEO satellites) is presented in § 6. 

In this connection, it is recalled that ITU-R Working Party 4A, in its recent Liaison Statement (Document 4-9S/312) to ITU-R Working Party 4-9S, stated that “there would not be more than nine HEO satellite systems”. However, it should be noted that what matters in the sharing study between FSS HEO systems and FS systems is not the maximum number of HEO systems but the maximum number of active HEO satellites. In fact, ITU-R Working Party 4-9S has been studying a model of five HEO systems comprised of as many as 45 active HEO satellites. Therefore, at this stage, it seems reasonable to continue to assume 36 active satellites in the case of Molniya type satellite model.

3.3
Masks A and A1

The results of station basis interference calculations under Masks A and A1 are presented in Tables 4a and 4b, respectively.

In the case of Mask A, Table 4a shows that the percentages of FS stations with FDP exceeding (10 dB are generally smaller than 10%. However, one may have a concern about the fact that some FS stations have fairly high FDP values. A similar comment will apply to Table 4b dealing with Mask A1.

Route basis interference evaluation in § 4 will give a better picture about the acceptability of Masks A and A1.
TABLE 4a ( Station basis, Mask A (–136/–126 dB(W/(m2/MHz)))

	10 log(FDP)
(dB)
	Percentage of stations with FDP exceeding the left-hand value

	
	Station latitudes

	
	0°
	10°
	20°
	30°
	40°
	50°
	60°

	10

8

6

4

2

0

–2

–4

–6

–8

–10

–12

–14
	0

0.1

0.3

0.8

1.1

1.7

2.4

3.0

3.5

4.2

5.0

6.6

10.3
	0

0.1

0.3

0.6

1.0

1.6

2.4

3.2

3.8

4.4

5.2

7.2

11.3
	0

0.1

0.2

0.6

1.2

1.8

2.8

4.0

4.8

5.4

6.6

9.6

13.1
	0

0.1

0.3

0.8

1.7

2.7

4.0

5.6

7.1

8.2

9.9

13.3

16.8
	0

0

0

0

0.5

2.5

4.5

6.9

8.8

10.8

13.0

19.6

23.6
	0

0

0

0

0

0

0.5

2.9

5.3

7.0

8.8

13.4

23.1
	0

0

0

0

0

0

0

0

0

0

0

0

23.1


TABLE 4b – Station basis, Mask A1 (–138/–128 dB(W/(m2/MHz)))

	10 log(FDP)
(dB)
	Percentage of stations with FDP exceeding the left-hand value

	
	Station latitudes

	
	0°
	10°
	20°
	30°
	40°
	50°
	60°

	6

4

2

0

–2

–4

–6

–8

–10

–12

–14
	0

0.2

0.5

0.9

1.3

2.1

2.8

3.5

4.1

4.8

6.5
	0

0.2

0.6

1.0

1.6

2.4

3.2

4.0

4.6

5.9

9.1
	0

0.2

0.3

0.9

1.5

2.3

3.4

4.5

5.2

6.5

9.6
	0

0.1

0.5

1.1

2.1

3.2

4.8

6.4

7.7

9.8

13.2
	0

0

0

0

1.3

3.3

5.8

8.1

10.4

12.8

19.5
	0

0

0

0

0

0

1.3

4.3

6.6

8.5

13.2
	0

0

0

0

0

0

0

0

0

0

0


3.4
Masks B1 and B

The results of station basis interference calculations under Masks B1 and B are presented in Tables 5a and 5b, respectively.

In the case of Mask B1, Table 5a shows that the percentages of FS stations with FDP exceeding (10 dB are below 10%. However, one may still have a concern about the fact that some FS stations have FDP values higher than –10 dB. A similar comment will apply to Table 5b dealing with Mask B.

Route basis interference evaluation in § 4 will give a better picture about the acceptability of Masks B1 and B.
TABLE 5a – Station basis, Mask B1 (–140/–124 dB(W/(m2/MHz)))

	10 log(FDP)
(dB)
	Percentage of stations with FDP exceeding the left-hand value

	
	Station latitudes

	
	0°
	10°
	20°
	30°
	40°
	50°
	60°

	4

2

0

–2

–4

–6

–8

–10

–12

–14
	0

0.1

0.3

0.8

1.2

1.7

2.6

3.5

4.3

6.2
	0

0.1

0.2

0.6

1.2

1.9

2.8

3.8

5.1

11.3
	0

0.1

0.2

0.7

1.3

2.2

3.4

4.8

6.8

13.2
	0

0

0.3

0.8

1.8

3.0

4.8

7.2

10.5

17.9
	0

0

0

0

0.5

2.9

5.9

9.2

13.9

29.7
	0

0

0

0

0

0

1.7

6.1

12.6

37.5
	0

0

0

0

0

0

0

0

19.7

100.0


TABLE 5b – Station basis, Mask B (–142/–124 dB(W/(m2/MHz)))

	10 log(FDP)
(dB)
	Percentage of stations with FDP exceeding the left-hand value

	
	Station latitudes

	
	0°
	10°
	20°
	30°
	40°
	50°
	60°

	0

–2

–4

–6

–8

–10

–12

–14
	0

0.2

0.5

1.0

1.5

2.4

3.4

4.4
	0

0.2

0.5

1.0

1.7

2.7

4.1

8.0
	0

0.2

0.5

1.2

2.0

3.4

5.3

11.3
	0

0.2

0.6

1.5

2.8

5.1

8.2

16.4
	0

0

0

0.2

2.6

6.3

11.0

28.6
	0

0

0

0

0

2.8

8.9

36.4
	0

0

0

0

0

0

18.1

100.0


3.5
Masks C1 and C

The results of station basis interference calculations under Masks C1 and C are presented in Tables 6a and 6b, respectively.

The percentages of FS stations in both Tables with FDP exceeding –10 dB are very small.

TABLE 6a – Station basis, Mask C1 (–145/–124 dB(W/(m2/MHz)))

	10 log(FDP)
(dB)
	Percentage of stations with FDP exceeding the left-hand value

	
	Station latitudes

	
	0°
	10°
	20°
	30°
	40°
	50°
	60°

	–2

–4

–6

–8

–10

–12

–14
	0

0.1

0.3

0.7

1.2

1.8

3.0
	0

0

0.2

0.6

1.3

2.4

4.5
	0

0

0.2

0.7

1.6

3.2

7.9
	0

0

0.2

0.9

2.4

5.1

14.6
	0

0

0

0

1.3

6.8

26.5
	0

0

0

0

0

5.1

35.3
	0

0

0

0

0

16.4

100.0


TABLE 6b – Station basis, Mask C (–147/–124 dB(W/(m2/MHz)))

	10 log(FDP)
(dB)
	Percentage of stations with FDP exceeding the left-hand value

	
	Station latitudes

	
	0°
	10°
	20° 
	30° 
	40° 
	50° 
	60° 

	–6

–8

–10

–12

–14
	0

0.2

0.6

1.1

1.9
	0

0.2

0.7

1.5

3.2
	0

0.2

0.8

2.0

5.4
	0

0.2

1.0

3.1

10.1
	0

0

0

3.1

22.1
	0

0

0

0.6

34.7
	0

0

0

15.3

100.0


4
Route basis interference evaluation (36 Molniya type active HEO satellites)

The 4 GHz band is generally used for long distance radio-relay routes. The overall system performance is specified for the 2 500 km hypothetical reference digital path, that is, on a route basis. Therefore, the interference objective is also specified on a route basis. If a method is available for route basis interference evaluation, it is desirable and sufficient to do so. In the past, many administrations used to adopt the station basis interference method. It is not because such a method is appropriate, but simply because there was no established ITU-R method of route basis interference evaluation for digital FS systems. For analogue FS systems, the route basis interference evaluation has been an established method.

Recently Recommendation ITU-R F.1107-1 established a method of route basis evaluation for interference from GSO satellites, which demonstrates that there is an analogy between analogue FS systems and digital FS systems. Although Recommendation ITU-R F.1107-1 deals only with the interference from GSO satellites, it can be easily extended to the interference evaluation from non-GSO satellites including highly elliptical orbits. According to this method, the route basis FDP can be evaluated as an average of station basis FDP for which equation (1) is applicable (see equation (2) below).

This section presents the results of route basis interference evaluation. The FS parameters are the same as those given in § 2.1 except for the following:


FS route latitude: 0°, 10°, 20°, 30°, 40°, 50° and 60° at the centre of the route


FS route trendline: uniformly distributed over 0 ~ 360 degrees in the azimuth plane


FS station azimuth: uniformly distributed within 
[image: image3.wmf]±

25 degrees of the trendline azimuth


FS antenna elevation: 0 degrees


Number of FS hops: 10
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where FDProute is the FDP for n-hop route and FDPj is the FDP of j-th FS station as defined in equation (1).

4.1
Mask A1

Table 7 presents the results of interference evaluation from 36 active satellites to 10-hop FS routes. In this case, the percentages of FS routes exceeding FDP of –10 dB are larger than 10% at latitudes from 0 to 40 degrees.
TABLE 7 – Route basis, Mask A1 (–138/–128 dB(W/(m2/MHz))), 10 hops
	10 log(FDP)
(dB)
	Percentage of routes with FDP exceeding the left-hand value

	
	Route centre latitudes

	
	0°
	10°
	20° 
	30° 
	40° 
	50° 
	60° 

	0

–2

–4

–6

–8

–10

–12

–14
	0

0.1

0.5

1.9

7.0

11.6

16.0

20.0
	0

0

0.8

3.4

6.5

10.9

15.0

19.9
	0

0.1

1.3

3.8

7.7

13.5

18.3

24.4
	0

0.2

1.6

4.7

11.4

18.7

24.2

29.0
	0

0

0.1

3.4

11.0

18.1

23.6

28.0
	0

0

0

0

0.4

6.7

16.5

22.6
	0

0

0

0

0

0

0

0


4.2
Masks B1 and B

Tables 8a and 8b present the results of interference evaluation for Masks B1 and B from 36 active satellites to 10-hop FS routes. In the case of Table 8a, the percentages of FS routes exceeding FDP of –10 dB are somewhat higher than 10% at 30 and 40 degrees. However, in the case of Table 8b, the percentages of FS routes exceeding FDP of –10 dB are smaller than 10% at any latitudes and virtually no FS routes exceed FDP of –8 dB. Mask B seems acceptable to FS systems.
TABLE 8a – Route basis, Mask B1 (–140/–124 dB(W/(m2/MHz))), 10 hops

	10 log(FDP)
(dB)
	Percentage of routes with FDP exceeding the left-hand value

	
	Route centre latitudes

	
	0°
	10°
	20° 
	30° 
	40° 
	50° 
	60° 

	–2

–4

–6

–8

–10

–12

–14
	0

0

0.6

2.6

6.5

11.0

16.9
	0

0

0.1

1.8

6.0

12.4

23.9
	0

0

0.5

3.7

8.5

16.3

27.6
	0

0.1

1.0

4.6

13.3

23.6

31.9
	0

0

0

3.6

14.4

24.1

32.7
	0

0

0

0

4.2

21.8

40.8
	0

0

0

0

0

19.3

100.0


TABLE 8b – Route basis, Mask B (–142/–124 dB(W/(m2/MHz))), 10 hops

	10 log(FDP)
(dB)
	Percentage of routes with FDP exceeding the left-hand value

	
	Route centre latitudes

	
	0°
	10°
	20° 
	30° 
	40° 
	50° 
	60° 

	–6

–8

–10

–12

–14
	0

0.1

2.3

6.0

11.7
	0

0.1

1.7

7.2

16.5
	0

0.3

3.5

10.0

21.7
	0

0.6

4.7

16.6

28.9
	0

0

4.4

19.0

31.9
	0

0

0.1

16.5

39.0
	0

0

0

17.5

100.0


4.3
Masks C1 and C

Tables 9a and 9b present the results of interference evaluation for Masks C1 and C from 36 active satellites to 10-hop FS routes. In both Tables 9a and 9b, virtually no FS routes exceed FDP of (11 dB. Masks C1 and C seem somewhat over-protective.
TABLE 9a ( Route basis, Mask C1 (–145/–124 dB(W/(m2/MHz))), 10 hops

	10 log(FDP)
(dB)
	Percentage of routes with FDP exceeding the left-hand value

	
	Route centre latitudes

	
	0°
	10°
	20° 
	30° 
	40° 
	50° 
	60° 

	–9

–10

–11

–12

–13

–14
	0

0

0.1

0.6

2.2

4.0
	0

0

0.1

1.0

3.7

8.5
	0

0.1

0.4

2.6

6.3

13.7
	0

0.1

0.9

3.7

11.2

22.9
	0

0

0

4.3

17.5

29.8
	0

0

0

0.7

22.7

37.9
	0

0

0

14.7

36.0

100.0


TABLE 9b ( Route basis, Mask C (–147/–124 dB(W/(m2/MHz))), 10 hops

	10 log(FDP)
(dB)
	Percentage of routes with FDP exceeding the left-hand value

	
	Route centre latitudes

	
	0°
	10°
	20° 
	30° 
	40° 
	50° 
	60° 

	–10

–11

–12

–13

–14
	0

0

0

0.1

1.1
	0

0

0.1

0.6

4.3
	0

0

0.1

1.8

7.2
	0

0.1

0.3

3.6

16.8
	0

0

0

5.4

26.9
	0

0

0

18.2

36.8
	0

0

13.0

35.7

100.0


5
Effects of variable FS antenna elevation angles on the interference assessment

This section evaluates the effects of variable FS antenna elevation angles in the range from –3° to +3° on the interference. If the elevation angle is 0°, a half of the FS antenna main beam is shadowed by the Earth’s surface, but if it is, for example, +3°, the FS antenna main beam is not shadowed and, therefore, the FDP value in the case of direct coupling will be about 3 dB higher.

On the other hand, at the other side of the hop, the FS antenna elevation angle will be about –3°. Note that in the case of the hop length of 50 km, the average value of the elevation angles of the two stations is about –0.2° due to the curvature of the Earth’s surface. In any case, one should not consider only the case of +3° elevation angle. Therefore, it seems reasonable to assume that the FS antenna elevation angle follows a certain probability density function. As a simple and perhaps somewhat exaggerated example, let us assume that a distribution given in Table 10 is applicable. Note that 3° elevation angle corresponds to more than 2 000 m altitude difference between the two adjacent FS stations at 50 km hop length, which is very rare.

TABLE 10 – Assumed probability distribution of FS antenna elevation angles

	Elevation angle
	–3°
	–2°
	–1°
	0°
	+1°
	+2°
	+3°

	Percentage
	1%
	3%
	10%
	72%
	10%
	3%
	1%


5.1 
Station basis interference evaluation

Tables 11a and 11b present the results of interference evaluation for Masks A1 and B from 36 active satellites on the station basis, employing the probability distribution of FS antenna elevation angles in Table 10. Table 11a may be compared with Table 4b. The peak FDP value in Table 11a is slightly higher than that of Table 4b, but the percentages of stations with FDP exceeding –10 dB are similar in both Tables. This would indicate that the overall effects of variable FS antenna elevation angles on the interference are very small.

Table 11b may be compared with Table 5b. The same comment would apply to this case. In conclusion, it is sufficient to assume 0 degree elevation angles for all FS antennas for the purpose of interference evaluation on the station basis.
TABLE 11a – Station basis, variable FS elevation, Mask A1 (–138/–128 dB(W/(m2/MHz)))

	10 log(FDP)
(dB)
	Percentage of stations with FDP exceeding the left-hand value

	
	Station latitudes

	
	0°
	10°
	20° 
	30° 
	40° 
	50° 
	60° 

	8

6

4

2

0

–2

–4

–6

–8

–10

–12

–14
	0

0.1

0.2

0.5

0.9

1.2

2.0

2.7

3.3

3.9

4.7

6.3
	0

0.1

0.2

0.5

0.8

1.3

2.1

2.8

3.6

4.2

5.0

7.2
	0

0

0.2

0.3

0.9

1.5

2.1

3.2

4.2

4.9

6.2

9.2
	0

0

0.1

0.5

1.1

2.1

3.0

4.5

6.1

7.2

9.3

12.7
	0

0

0

0

0.4

1.6

3.4

5.6

7.3

9.6

12.3

18.7
	0

0

0

0

0

0

0.4

1.8

4.2

6.1

7.7

12.6
	0

0

0

0

0

0

0

0
0

0

0

0.1


TABLE 11b – Station basis, variable FS elevation, Mask B (–142/–124 dB(W/(m2/MHz)))

	10 log(FDP)
(dB)
	Percentage of stations with FDP exceeding the left-hand value

	
	Station latitudes

	
	0°
	10°
	20° 
	30° 
	40° 
	50° 
	60° 

	2

0

–2

–4

–6

–8

–10

–12

–14
	0

0.1

0.2

0.5

1.0

1.5

2.3

3.3

4.3
	0

0.1

0.2

0.5

1.0

1.8

2.7

3.9

8.2
	0

0

0.2

0.5

1.2

1.9

3.3

5.0

10.8
	0

0

0.2

0.7

1.5

2.7

4.8

7.8

16.1
	0

0

0

0.1

0.5

2.7

6.0

10.3

28.5
	0

0

0

0

0

0.4

3.0

8.4

36.4
	0

0

0

0

0

0

0

17.8

100.0


5.2
Route basis interference evaluation

Tables 12a and 12b present the results of interference evaluation for Masks A1 and B from 36 active satellites on the route basis, employing the probability distribution of FS antenna elevation angles in Table 10. Table 12a may be compared with Table 7. In general, the two Tables are similar. This would indicate that the overall effects of variable FS antenna elevation angles on the interference are very small.

Table 12b may be compared with Table 8b. Again, the two Tables are similar. In conclusion, it is sufficient to assume 0 degree elevation angles for all FS antennas for the purpose of interference evaluation on the route basis, too.

TABLE 12a – Route basis, 10 hops, variable FS elevation, Mask A1 
(–138/–128 dB(W/(m2/MHz)))
	10 log(FDP)
(dB)
	Percentage of routes with FDP exceeding the left-hand value

	
	Route centre latitudes

	
	0°
	10°
	20° 
	30° 
	40° 
	50° 
	60° 

	0

–2

–4

–6

–8

–10

–12

–14
	0

0.1

1.0

2.5

5.0

9.2

12.9

18.1
	0

0

0.9

2.3

4.3

7.6

11.9

17.2
	0

0.1

0.1

2.0

5.8

11.3

16.8

21.9
	0

0.1

1.3

4.5

9.4

15.0

20.6

26.7
	0

0

0

1.1

8.2

15.4

21.9

26.4
	0

0

0

0

0

3.6

13.1

20.7
	0

0

0

0

0

0

0

0


TABLE 12b – Route basis, 10 hops, variable FS elevation, Mask B 
(–142/–124 dB(W/(m2/MHz)))

	10 log(FDP)
(dB)
	Percentage of routes with FDP exceeding the left-hand value

	
	Route centre latitudes

	
	0°
	10°
	20° 
	30° 
	40° 
	50° 
	60° 

	–6

–8

–10

–12

–14
	0

0.1

1.5

4.7

10.1
	0

0.1

1.9

5.3

14.0
	0

0.1

1.5
8.3

20.5
	0

0.4

3.8

12.4

27.4
	0

0

1.4

17.1

30.7
	0

0

0

13.2

39.7
	0

0

0

16.9

100.0


6
Interference evaluation from USAKU-H2 model HEO satellites

This section presents the results of interference evaluation in the 4 GHz band from USAKU-H2 model HEO satellites. The results are presented only for Masks A1 and B, because it was felt unnecessary to present results for other pfd masks.

The type of USAKU-H2 model satellite constellations considered is as follows:

–
45 active satellites (30 in the northern and 15 in the southern hemispheres).

All FS antenna elevation angles were assumed to be 0 degrees.

In this case, the average numbers of visible active satellites at various latitudes are given in Table 13. As compared with Table 3 for 36 Molniya type HEO satellites, the visibility is generally smaller because active USAKU-H2 satellites exist in the two hemispheres and their apogee altitude is lower than that of Molniya type satellites.

TABLE 13 – Average number of visible active HEO satellites at various latitudes
(in the case of 45 USAKU-H2 type active HEO satellites) 

	Latitude
	0°
	10°
	20°
	30°
	40°
	50°
	60°

	Average visible active HEO satellites
	16.6

(37%)
	17.7

(39%)
	17.5

(39%)
	19.9

(44%)
	25.7

(57%)
	28.9

(64%)
	30.0

(67%)


6.1
Station basis interference evaluation

Tables 14a and 14b present the calculation results of station basis interference evaluation for 45 USAKU-H2 model HEO satellites in the cases of Masks A1 and B, respectively. They are comparable with Tables 4b and 5b.
TABLE 14a – Station basis, Mask A1 (–138/–128 dB(W/(m2/MHz))), USAKU-H2 model

	10 log(FDP)
(dB)
	Percentage of stations with FDP exceeding the left-hand value

	
	Station latitudes

	
	0°
	10°
	20° 
	30° 
	40° 
	50° 
	60° 

	2

0

–2

–4

–6

–8

–10

–12

–14
	0

0.3

1.2

4.1

6.2

7.3

9.0

10.5

11.9
	0

0.3

2.0

4.3

6.5

8.2

9.8

11.4

13.1
	0

0.3

1.1

3.2

6.5

8.6

10.5

12.3

14.7
	0

0.4

1.2

2.7

4.7

6.6

8.3

9.6

11.7
	0

0

0.9

4.2

7.6

11.1

13.7

16.3

19.7
	0

0

0

0

1.5

5.5

8.3

10.8

13.7
	0

0

0

0

0

0

0

0

1.1


TABLE 14b – Station basis, Mask B (–142/–124 dB(W/(m2/MHz))), USAKU-H2 model

	10 log(FDP)
(dB)
	Percentage of stations with FDP exceeding the left-hand value

	
	Station latitudes

	
	0°
	10°
	20° 
	30° 
	40° 
	50° 
	60° 

	–4

–6

–8

–10

–12

–14
	0

0.4

2.1

5.0

6.9

9.0
	0

0.4

2.7

5.6

8.1

10.9
	0

0.4

1.8

5.2

8.7

12.6
	0

0.6

2.1

4.4

7.5

11.9
	0

0.1

2.5

7.3

12.9

23.1
	0

0

0

1.3

8.2

25.8
	0

0

0

0

0

35.3


6.2
Route basis interference evaluation

Tables 15a, 15b and 15c present the calculation results of route basis interference evaluation for 45 USAKU-H2 model HEO satellites in the cases of Masks A1, B1 and B, respectively. They are 

comparable with Tables 7, 8a and 8b. In conclusion, the two models are almost equivalent from the viewpoint of the station basis and route basis sharing study between FSS HEO systems and FS systems.

TABLE 15a – Route basis, 10 hops, Mask A1 (–138/–128 dB(W/(m2/MHz))), 
USAKU-H2 model

	10 log(FDP)
(dB)
	Percentage of routes with FDP exceeding the left-hand value

	
	Route centre latitudes

	
	0°
	10°
	20° 
	30° 
	40° 
	50° 
	60° 

	–2

–4

–6

–8

–10

–12

–14
	0

0

0.4

4.2

15.2

28.5

41.0
	0

0

0.2

6.3

15.8

28.5

38.1
	0

0

1.5

6.7

18.5

28.8

39.4
	0

0

0.8

8.3

16.9

24.2

29.2
	0

0.8

7.9

16.9

20.6

23.5

28.8
	0

0

0

0.8

9.0

16.7

23.3
	0

0

0

0

0

0

4.0


TABLE 15b – Route basis, 10 hops, Mask B1 (–140/–124 dB(W/(m2/MHz))), 
USAKU-H2 model

	10 log(FDP)
(dB)
	Percentage of routes with FDP exceeding the left-hand value

	
	Route centre latitudes

	
	0°
	10°
	20° 
	30° 
	40° 
	50° 
	60° 

	–4

–6

–8

–10

–12

–14
	0

0

0.1

4.9

15.4

29.9
	0

0

0.4

4.4

18.6

34.6
	0

0

0.4

5.6

20.3

36.0
	0

0.1

1.1

8.2

20.3

29.9
	0

0

6.7

15.3

22.2

30.0
	0

0

0

2.8

17.8

29.6
	0

0

0

0

2.0

37.9


TABLE 15c – Route basis, 10 hops, Mask B (–142/–124 dB(W/(m2/MHz))), USAKU-H2 model

	10 log(FDP)
(dB)
	Percentage of routes with FDP exceeding the left-hand value

	
	Route centre latitudes

	
	0°
	10°
	20° 
	30° 
	40° 
	50° 
	60° 

	–8

–10

–12

–14
	0

0

3.1

14.3
	0

0.4

3.8

21.0
	0

0.3

5.7

23.9
	0

1.1

9.4

24.2
	0

6.3

16.8

26.9
	0

0

7.5

28.3
	0

0

0.1

36.9


7
Conclusion

Based on the calculation results for both station basis and route basis interference evaluation in the 4 GHz band, the following remarks can be made for various pfd masks:

–
Masks A, A1 and B1 will create some difficulty to FS systems;

–
Mask B is acceptable to FS systems;

–
Masks C and C1 are acceptable to FS systems, but seem somewhat over-protective.

In conclusion, Mask B is most appropriate based on the calculation results. Further, taking into account the comment in § 2, Mask B1 is appropriate from the regulatory viewpoint.

NOTE 1 – ITU-R Working Party 4A, in its recent Liaison Statement to ITU-R Working Party 4-9S, expressed a view that at least –140 dB(W/m2) in 1 MHz at low-arrival angles is required from the standpoint of FSS HEO system design. Mask B1 just meets this requirement.

NOTE 2 – The third proposal in this document concerning the application of the proposed pfd masks is based on PDNR ITU-R SF.[4-9S/HESAT].

ANNEX 2

Evaluation of 11/12 GHz band pfd masks

1
Masks under consideration for the 11 GHz band (10.7-11.7 GHz)

Table 16a shows the 11 GHz band pfd masks (RR Table 21-4 mask and Mask G) contained in PDNR ITU-R SF.[4-9S/HESAT] as appropriate for further study. Table 16b is a list of additional 11 GHz band pfd masks (Masks H1, H2, H3 and H4) to be used for a parametric study in this Annex.

TABLE 16a – 11 GHz band pfd masks contained in PDNR ITU-R SF.[4-9S/HESAT]

	Mask (11 GHz)
	pfd levels (dB(W/m2) in 1 MHz) for angle of arrival, θ

	
	0° ≤ θ ≤ 5°
	5° < θ ≤ 25°
	25° < θ ≤ 90°

	RR 21-4
	–126
	–126 + 0.5 (θ – 5)
	–116

	G
	–136
	–136 +  (θ – 5)
	–116


TABLE 16b – Additional 11 GHz band pfd masks used for a parametric study

	Mask (11 GHz)
	pfd levels (dB(W/m2) in 1 MHz) for angle of arrival, θ

	
	0° ≤ θ ≤ 5°
	5° < θ ≤ 25°
	25° < θ ≤ 90°

	H1
	–128
	–128 + 0.6 (θ – 5)
	–116

	H2
	–130
	–130 + 0.7 (θ – 5)
	–116

	H3
	–132
	–132 + 0.8 (θ – 5)
	–116

	H4
	–134
	–134 + 0.9 (θ – 5)
	–116


2
Station basis interference evaluation (0 degree FS antenna elevation)

FS parameters are the same as those in § 3.1 of Annex 1 except for the following:


Representative frequency: 11.2 GHz


FS antenna elevation: 0 degrees
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Interference to FS systems will be evaluated for 36 Molniya type active HEO satellites.

2.1
RR Table 21-4 mask

Table 17 presents the calculation results of station basis interference evaluation for RR Table 21-4 mask. The percentages of FS stations with FDP exceeding –10 dB are well below 10%. However, some may have a concern about the fact that some FS stations have fairly high FDP values. The effect of such a high FDP will be later analysed through route basis interference evaluation.
TABLE 17 – Station basis, RR 21-4 mask (–126/–116 dB(W/(m2/MHz)))

	10 log(FDP)
(dB)
	Percentage of stations with FDP exceeding the left-hand value

	
	Station latitudes

	
	0°
	10°
	20° 
	30° 
	40° 
	50° 
	60° 

	6

4

2

0

–2

–4

–6

–8

–10

–12

–14
	0

0.1

0.1

0.4

0.7

1.1

1.4

1.8

2.2

2.9

3.8
	0

0.1

0.1

0.4

0.6

0.9

1.4

1.7

2.2

3.0

4.1
	0

0.1

0.1

0.4

0.6

1.0

1.7

2.2

2.8

3.6

5.1
	0

0.1

0.2

0.5

1.1

1.6

2.2

2.8

3.6

4.8

7.9
	0

0

0

0.1

0.4

1.4

2.4

3.1

4.2

5.6

9.0
	0

0

0

0

0

0.3

0.7

1.3

1.8

2.5

4.0
	0

0

0

0

0

0

0

0

0

0

0


2.2
Mask G

Table 18 presents the calculation results of station basis interference evaluation for Mask G. Very few FS stations exceed FDP of –10 dB.
TABLE 18 – Station basis, Mask G (–136/–116 dB(W/(m2/MHz)))

	10 log(FDP)
(dB)
	Percentage of stations with FDP exceeding the left-hand value

	
	Station latitudes

	
	0°
	10°
	20° 
	30° 
	40° 
	50° 
	60° 

	–4

–6

–8

–10

–12

–14
	0

0.1

0.1

0.4

0.7

1.1
	0

0.1

0.1

0.4

0.7

1.0
	0

0.1

0.2

0.4

0.7

1.4
	0

0.1

0.2

0.6

1.2

1.9
	0

0

0

0.2

0.7

1.9
	0

0

0

0

0.3

0.9
	0

0

0

0

0

0


2.3
Masks H1, H2, H3 and H4

Tables 19a, 19b, 19c and 19d present the calculation results of station basis interference for Masks H1, H2, H3 and H4, respectively. They may be used for the purpose of a parametric study.

TABLE 19a – Station basis, Mask H1 (–128/–116 dB(W/(m2/MHz)))

	10 log(FDP)
(dB)
	Percentage of stations with FDP exceeding the left-hand value

	
	Station latitudes

	
	0°
	10°
	20° 
	30° 
	40° 
	50° 
	60° 

	4

2

0

–2

–4

–6

–8

–10

–12

–14
	0

0.1

0.1

0.4

0.7

1.1

1.4

1.8

2.2

2.9
	0

0.1

0.1

0.4

0.6

0.9

1.4

1.7

2.3

3.2
	0

0.1

0.1

0.4

0.6

1.0

1.7

2.2

2.8

3.7
	0

0.1

0.2

0.5

1.1

1.6

2.3

2.8

3.7

5.1
	0

0

0

0.1

0.4

1.5

2.5

3.3

4.3

6.0
	0

0

0

0

0

0.3

0.7

1.3

1.9

2.8
	0

0

0

0

0

0

0

0

0

0


TABLE 19b – Station basis, Mask H2 (–130/–116 dB(W/(m2/MHz)))

	10 log(FDP)
(dB)
	Percentage of stations with FDP exceeding the left-hand value

	
	Station latitudes

	
	0°
	10°
	20° 
	30° 
	40° 
	50° 
	60° 

	2

0

–2

–4

–6

–8

–10

–12

–14
	0

0.1

0.1

0.4

0.7

1.1

1.4

1.8

2.2
	0

0.1

0.1

0.4

0.7

1.0

1.4

1.8

2.4
	0

0.1

0.1

0.4

0.7

1.1

1.7

2.3

3.0
	0

0.1

0.2

0.5

1.1

1.6

2.4

3.0

3.9
	0

0

0

0.1

0.5

1.5

2.6

3.4

4.6
	0

0

0

0

0

0.3

0.8

1.4

2.1
	0

0

0

0

0

0

0

0

0


TABLE 19c – Station basis, Mask H3 (–132/–116 dB(W/(m2/MHz)))

	10 log(FDP)
(dB)
	Percentage of stations with FDP exceeding the left-hand value

	
	Station latitudes

	
	0°
	10°
	20° 
	30° 
	40° 
	50° 
	60° 

	0

–2

–4

–6

–8

–10

–12

–14
	0

0.1

0.1

0.4

0.7

1.1

1.4

1.8
	0

0.1

0.1

0.4

0.7

1.0

1.4

1.8
	0

0.1

0.1

0.4

0.7

1.1

1.8

2.4
	0

0.1

0.2

0.6

1.1

1.7

2.4

3.1
	0

0

0

0.1

0.5

1.6

2.6

3.7
	0

0

0

0

0

0.4

0.9

1.5
	0

0

0

0

0

0

0

0


TABLE 19d – Station basis, Mask H4 (–134/–116 dB(W/(m2/MHz)))

	10 log(FDP)
(dB)
	Percentage of stations with FDP exceeding the left-hand value

	
	Station latitudes

	
	0°
	10°
	20° 
	30° 
	40° 
	50° 
	60° 

	–2

–4

–6

–8

–10

–12

–14
	0

0.1

0.1

0.4

0.7

1.1

1.5
	0

0.1

0.1

0.4

0.7

1.0

1.5
	0

0.1

0.1

0.4

0.7

1.2

1.9
	0

0.1

0.2

0.6

1.2

1.8

2.5
	0

0

0

0.1

0.6

1.7

2.9
	0

0

0

0

0

0.4

1.1
	0

0

0

0

0

0

0


3
Route basis interference evaluation

Route basis interference evaluation for various 11 GHz band pfd masks has been carried out on 5‑hop FS routes.

3.1
RR Table 21-4 mask

Table 20 presents the calculation results of route basis interference evaluation for RR Table 21-4 mask. The percentages of routes with FDP exceeding –10 dB are below 10%. It is noted that only a few routes exceed FDP of –6 dB. In addition, if the comment in § 2 of Annex 1 is taken into account, the results of Table 22a below may be examined in order to determine the regulatory applicability of RR Table 21-4 mask, which seems to be acceptable to FS systems.
TABLE 20 – Route basis, 5 hops, RR Table 21-4 mask (–126/–116 dB(W/(m2/MHz)))

	10 log(FDP)
(dB)
	Percentage of routes with FDP exceeding the left-hand value

	
	Route centre latitudes

	
	0°
	10°
	20° 
	30° 
	40° 
	50° 
	60° 

	2

0

–2

–4

–6

–8

–10

–12

–14
	0

0.2

0.3

0.9

2.3

3.2

4.3

6.0

7.5
	0

0.1

0.3

0.6

1.3

3.0

4.3

6.2

8.2
	0

0.1

0.2

0.6

1.5

2.9

4.6

6.8

9.7
	0

0.1

0.5

1.0

2.0

4.3

7.2

10.6

14.2
	0

0

0

0.1

1.1

3.3

7.2

10.9

16.0
	0

0

0

0

0

0.2

1.9

4.8

7.9
	0

0

0

0

0

0

0

0

0


3.2
Mask G

Table 21 presents the calculation results of route basis interference evaluation for Mask G. Virtually no FS routes exceed FDP of –10 dB and very few routes exceed FDP of –14 dB. This mask seems to be over-protective.

TABLE 21 – Route basis, 5 hops, Mask G (–136/–116 dB(W/(m2/MHz)))

	10 log(FDP)
(dB)
	Percentage of routes with FDP exceeding the left-hand value

	
	Route centre latitudes

	
	0°
	10°
	20°
	30°
	40°
	50°
	60°

	–8

–10

–12

–14
	0

0.2

0.4

0.9
	0

0.1

0.3

0.6
	0

0.1

0.2

0.9
	0

0.1

0.5

1.3
	0

0

0

0.3
	0

0

0

0
	0

0

0

0


3.3
Masks H1, H2, H3 and H4

Tables 22a, 22b, 22c and 22d present the calculation results of route basis interference evaluation for Masks H1, H2, H3 and H4, respectively. They may be used for the purpose of a parametric study.
TABLE 22a – Route basis, 5 hops, Mask H1 (–128/–116 dB(W/(m2/MHz)))

	10 log(FDP)
(dB)
	Percentage of routes with FDP exceeding the left-hand value

	
	Route centre latitudes

	
	0°
	10°
	20° 
	30° 
	40° 
	50° 
	60° 

	0

–2

–4

–6

–8

–10

–12

–14
	0

0.2

0.3

0.9

2.3

3.2

4.4

6.0
	0

0.1

0.3

0.6

1.3

3.1

4.4

6.4
	0

0.1

0.2

0.6

1.6

3.0

4.7

7.2
	0

0.1

0.5

1.0

2.1

4.5

7.6

11.4
	0

0

0

0.1

1.2

3.7

7.9

11.9
	0

0

0

0

0

0.2

2.5

5.5
	0

0

0

0

0

0

0

0


TABLE 22b – Route basis, 5 hops, Mask H2 (–130/–116 dB(W/(m2/MHz)))

	10 log(FDP)
(dB)
	Percentage of routes with FDP exceeding the left-hand value

	
	Route centre latitudes

	
	0°
	10°
	20° 
	30° 
	40° 
	50° 
	60° 

	–2

–4

–6

–8

–10

–12

–14
	0

0.2

0.3

0.9

2.3

3.3

4.6
	0

0.1

0.3

0.6

1.4

3.2

4.7
	0

0.1

0.2

0.7

1.7

3.1

5.1
	0

0.1

0.5

1.0

2.2

5.0

8.3
	0

0

0

0.1

1.4

4.0

8.7
	0

0

0

0

0

0.4

3.4
	0

0

0

0

0

0

0


TABLE 22c – Route basis, 5 hops, Mask H3 (–132/–116 dB(W/(m2/MHz)))

	10 log(FDP)
(dB)
	Percentage of routes with FDP exceeding the left-hand value

	
	Route centre latitudes

	
	0°
	10°
	20° 
	30° 
	40° 
	50° 
	60° 

	–4

–6

–8

–10

–12

–14
	0

0.2

0.4

0.9

2.3

3.4
	0

0.1

0.3

0.6

1.5

3.4
	0

0.1

0.2

0.7

1.8

3.3
	0

0.1

0.5

1.0

2.5

5.6
	0

0

0

0.1

1.6

4.7
	0

0

0

0

0

0.9
	0

0

0

0

0

0


TABLE 22d – Route basis, 5 hops, Mask H4 (–134/–116 dB(W/(m2/MHz)))

	10 log(FDP)
(dB)
	Percentage of routes with FDP exceeding the left-hand value

	
	Route centre latitudes

	
	0°
	10°
	20° 
	30° 
	40° 
	50° 
	60° 

	–6

–8

–10

–12

–14
	0

0.2

0.4

0.9

2.4
	0

0.1

0.3

0.6

1.7
	0

0.1

0.2

0.8

2.2
	0

0.1

0.5

1.1

2.9
	0

0

0

0.1

2.0
	0

0

0

0

0.1
	0

0

0

0

0


4
Effects of variable FS antenna elevation angles on the interference assessment

Table 23 shows the effects of variable FS antenna elevation angles on the station basis interference assessment for RR Table 21-4 mask. On the other hand, Table 24 is the case of route basis (5 hops) interference assessment. The probability distribution of FS antenna elevation angles is the same as that in Table 10 of Annex 1. Tables 23 and 24 are comparable with Tables 17 and 20, respectively. There are no significant effects of variable FS antenna elevation angles. This indicates that the assumption of 0 degree FS antenna elevation angles is sufficient for the purpose of the sharing study in the 11 GHz band, too.
TABLE 23 – Station basis, variable FS elevation, RR 21-4 mask 
(–126/–116 dB(W/(m2/MHz)))

	10 log(FDP)
(dB)
	Percentage of stations with FDP exceeding the left-hand value

	
	Station latitudes

	
	0°
	10°
	20° 
	30° 
	40° 
	50° 
	60° 

	8

6

4

2

0

–2

–4

–6

–8

–10

–12

–14
	0

0

0.1

0.1

0.4

0.6

1.0

1.3

1.6

2.0

2.7

3.7
	0

0.1

0.1

0.2

0.4

0.7

1.0

1.3

1.6

2.2

2.9

4.0
	0

0

0.1

0.1

0.3

0.5

0.9

1.6

2.0

2.6

3.3

4.9
	0

0

0.1

0.2

0.5

1.0

1.5

2.2

2.7

3.4

4.6

7.5
	0

0

0

0

0.2

0.5

1.5

2.4

3.1

4.1

5.4

8.7
	0

0

0

0

0

0

0.3

0.8

1.4

2.0

2.7

4.0
	0

0

0

0

0

0

0

0

0

0

0

0


TABLE 24 – Route basis, 5 hops, variable FS elevation, RR Table 21-4 mask 
(–126/–116 dB(W/(m2/MHz)))

	10 log(FDP)
(dB)
	Percentage of routes with FDP exceeding the left-hand value

	
	Route centre latitudes

	
	0°
	10°
	20° 
	30° 
	40° 
	50° 
	60° 

	2

0

–2

–4

–6

–8

–10

–12

–14
	0

0.1

0.1

0.4

1.0

1.7

3.3

4.5

6.0
	0

0.1

0.1

0.4

0.8

1.6

3.2

4.3

6.5
	0

0.1

0.1

0.5

0.8

2.1

3.6

4.7

6.7
	0

0.1

0.2

0.7

1.4

3.5

5.6

7.5

10.4
	0

0

0

0

0.4

2.4

5.8

9.5

13.4
	0

0

0

0

0

0.1

1.7

3.8

6.7
	0

0

0

0

0

0

0

0

0


5
Interference evaluation from USAKU-H2 model HEO satellites

Interference evaluation from USAKU-H2 model (45 active HEO satellites) has been carried out. 

The station basis result is presented in Table 25 for RR Table 21-4 mask. It is comparable with Table 17. The peak FDP values in Table 25 are somewhat lower than those of Table 17, probably because the travelling speed of USAKU-H2 model active HEO satellites is faster than that of Molniya model HEO satellites. But the percentages of FS stations with FDP exceeding –10 dB are similar.
TABLE 25 – Station basis, RR 21-4 mask (–126/–116 dB(W/(m2/MHz))), USAKU-H2 model

	10 log(FDP)
(dB)
	Percentage of stations with FDP exceeding the left-hand value

	
	Station latitudes

	
	0°
	10°
	20° 
	30° 
	40° 
	50° 
	60° 

	2

0

–2

–4

–6

–8

–10

–12

–14
	0

0.1

0.5

1.6

2.6

3.6

4.5

5.7

6.9
	0

0.1

0.7

2.0

3.1

3.9

4.7

5.7

7.5
	0

0.1

0.5

1.6

3.1

4.3

5.2

6.2

7.8
	0

0.1

0.5

1.2

2.2

3.2

4.0

5.0

6.7
	0

0

0.3

1.7

3.2

4.9

6.1

8.0

11.9
	0

0

0

0

0.8

1.9

3.2

4.5

6.0
	0

0

0

0

0

0

0

0

0


Table 26 presents the result of route basis (5 hops) interference evaluation for RR Table 21-4 mask. It is comparable with Table 20. The percentages of FS stations in Table 26 with FDP exceeding (10 dB are similar to those of Table 20.

In summary, it may be concluded that, in the 11 GHz band, too, the overall interference from 45 USAKU-H2 model HEO satellites is generally similar to that from 36 Molniya model HEO satellites.

TABLE 26 - Route basis, 5 hops, RR 21 mask (–126/–116 dB(W/(m2/MHz))), 
USAKU-H2 model

	10 log(FDP)
(dB)
	Percentage of routes with FDP exceeding the left-hand value

	
	Route centre latitudes

	
	0°
	10°
	20° 
	30° 
	40° 
	50° 
	60° 

	0

–2

–4

–6

–8

–10

–12

–14
	0

0

0.1

0.7

2.3

8.1

12.7

16.9
	0

0

0

0.1

2.8

8.4

12.8

16.2
	0

0

0

0.3

3.3

7.9

12.9

18.5
	0

0

0

0.7

3.0

7.7

9.9

13.1
	0

0

0.2

1.7

5.3

9.2

13.2

18.2
	0

0

0

0.1

0.5

3.1

6.5

10.3
	0

0

0

0

0

0

0

0


6
Preferred pfd mask for the 12 GHz band (11.7-12.7 GHz)

RR Table 21-4 mask for the 12 GHz band is 2 dB higher than that for the 11 GHz band at any arrival angles. The calculation results of station basis and route basis (5 hops) interference evaluation for this mask in the case of 36 Molniya model active HEO satellites and 3 m diameter FS antenna are presented in Tables 27a and 27b, respectively. Tables 27a and 27b are comparable with Tables 17 and 20 for the 11 GHz band, respectively.

The comparison is not easy, but if one compares Table 27a with Table 17, one can find that the interference in Table 27a is slightly higher than that in Table 17, but it is difficult to quantify the difference.

On the other hand, it is easier to compare Table 27b with Table 20. Roughly speaking, at around FDP of –10 dB, it may be concluded that the interference in Table 27a is about 1 dB higher than that in Table 20. This may be explained as follows:

In the main beam coupling, the interference at 12 GHz is the same as that at 11 GHz, because the antenna aperture area is the same, but at off-beam angles, the interference at 12 GHz is smaller, because the antenna beam at 12 GHz is narrower. At larger off-beam, the effective antenna aperture area at 12 GHz becomes much smaller (nearly 2 dB) than that at 11 GHz. Because of these factors, although the pfd level at 12 GHz is 2 dB higher, the increase of interference level is only about 1 dB.

Therefore, precisely speaking, if one wishes to make the overall interference at 12 GHz equal to that at 11 GHz, it seems reasonable to increase the allowable pfd level by 1 dB at low-arrival angles and 2 dB at high arrival angles. However, if 1 dB difference at low-arrival angles can be ignored, 2 dB increase from the current masks in RR Table 21-4 at all arrival angles may be acceptable.

TABLE 27a – Station basis, RR 21-4 mask (–124/–114 dB(W/(m2/MHz)))

	10 log(FDP)
(dB)
	Percentage of stations with FDP exceeding the left-hand value

	
	Station latitudes

	
	0°
	10°
	20° 
	30° 
	40° 
	50° 
	60° 

	8

6

4

2

0

–2

–4

–6

–8

–10

–12

–14
	0

0

0.1

0.3

0.6

1.0

1.3

1.6

1.9

2.5

3.5

5.0
	0

0.1

0.1

0.3

0.5

0.9

1.2

1.5

1.9

2.6

3.7

5.6
	0

0

0.1

0.3

0.6

0.8

1.5

1.9

2.5

3.2

4.3

7.3
	0

0.1

0.1

0.4

0.8

1.4

2.0

2.5

3.2

4.1

6.1

10.6
	0

0

0

0.1

0.3

1.1

2.0

2.9

3.7

4.7

7.2

15.2
	0

0

0

0

0

0.2

0.7

1.0

1.4

2.0

2.9

7.1
	0

0

0

0

0

0

0

0

0

0

0

0


TABLE 27b – Route basis, 5 hops, RR Table 21-4 mask (–124/–114 dB(W/(m2/MHz)))

	10 log(FDP)
(dB)
	Percentage of routes with FDP exceeding the left-hand value

	
	Route centre latitudes

	
	0°
	10°
	20° 
	30° 
	40° 
	50° 
	60° 

	4

2

0

–2

–4

–6

–8

–10

–12

–14
	0

0.1

0.2

0.6

1.7

2.9

4.0

5.4

6.8

8.8
	0

0

0.2

0.4

0.9

2.3

4.0

5.2

7.1

9.9
	0

0.1

0.2

0.5

1.1

2.5

4.0

5.8

8.1

11.4
	0

0.1

0.3

0.7

1.5

3.6

6.5

9.4

12.3

17.3
	0

0

0

0.1

0.5

2.5

5.8

9.4

13.4

20.1
	0

0

0

0

0

0.1

1.5

3.7

6.2

11.5
	0

0

0

0

0

0

0

0

0

0


7
Conclusion

For both 11 and 12 GHz bands, RR Table 21-4 masks seem acceptable to FS systems. Mask G seems to be over-protective.

In case the Conference cannot accept RR Table 21-4 mask, Masks H1, H2, H3 and H4 may be referred to in order to choose the most appropriate mask for the 11 GHz band. In this case, the preferred mask for the 12 GHz band should be 2 dB higher than that of the 11 GHz band at all arrival angles.
______________
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