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During the meeting of Working Party 4A in September 2009, a working document towards a preliminary draft revision of Report ITU-R BO.2071 “System parameters of BSS between 17.3 GHz and 42.5 GHz and associated feeder links” was further developed and reflected in Annex 12 to Document 4A/278.
At its meeting held 24 March - 1 April 2010, Working Party 4A received 2 contributions (Documents 4A/337 and 4A/338) for further revision of the Report ITU-R BO.2071. 
Document 4A/337 proposed to reflect the results of latest studies on the Report.
–	Rain attenuation characteristics are reviewed in light with the updated rain attenuation model under Recommendation ITU-R P.618-9. Values, Figures and Tables are amended.
–	Examples of wide band application are added to Tables 12, 13 and 14 “Examples of 21 GHz band BSS parameters utilizing a locally-variable e.i.r.p. system” because some wide band applications such as EHRI (Extremely High Resolution Imagery) and 3D TV will be expected for future television beyond HDTV, as described in Resolution 525 (Rev. WRC-07).
Document 4A/338 proposed some additional measurement of receiving earth station antenna pattern in the band 21.4-22.0 GHz for different sizes of antenna. 
The following Attachment to this document provides a “Preliminary draft revision of Report ITU-R BO.2071” based on Documents 4A/337, 4A/338 and Annex 12 to Document 4A/278. Members of Working Party 4A are invited to study the attached document and submit contributions to the next meeting, including additional real measured antenna patterns in the band 21.4-22.0 GHz including electronic format according to Recommendation ITU‑R S.1717, if possible.
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Attachment
PRELIMINARY DRAFT 
REVISION OF REPORT ITU-R BO.2071
System parameters of BSS between 17.3 GHz and 42.5 GHz 
and associated feeder links
[No change up to Annex 1]
Annex 2

System parameters of BSS systems parameters in frequency 
band 21.4-22.0 GHz and associated feeder links
1	Study items of 21 GHz band broadcasting satellites
The BSS systems in the band have the possibility to deliver wide-RF-band digital multiprogramme services, which may consist of HDTV, audio and data programmes. In the future, they also can be appropriate channels to accommodate higher bit-rate programmes, such as extremely high-resolution imagery whose number of lines is much larger than HDTV, three-dimensional TV and high bit-rate data programme.
On the other hand, the study of the technical parameters for the broadcasting-satellite service in the band 21.4-22 GHz in Regions 1 and 3 was included in WRC-1207 aAgenda item 1.136, and the results of the studies by the ITU‑R Study Groups may be reported to WRC‑07 under WRC‑07 agenda item 7.1 (Administrative Circular CA/128, 29 July 2003.).
The Recommendation – Mitigation techniques for rain attenuation for BSS systems in frequency bands between 17.3 GHz and 42.5 GHz was approved as Recommendation ITU‑R BO.1659 (December 2003). Recommendation ITU‑R BO.1659 includes the following techniques to mitigate the rain attenuation when considering facilitating the introduction of the BSS systems:
–	increase in e.i.r.p.;
–	hierarchical transmission;
–	broadcasting system assuming storage in receiver.
In the light of low rain attenuation for BSS systems in frequency band 21.4-22.0 GHz in certain areas, implementation of mitigation technique as described in Recommendation ITU-R BO.1659 should not be mandatory.
The examples of study items necessary for the orderly spectrum usage in the 21 GHz band broadcasting-satellite services and the associated feeder-link systems are shown in Table 7 along with the corresponding ITU‑R Recommendations. The system parameters might be different depending on the BSS systems.
It is encouraged that administrations submit contributions in order to progress the studies.
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TABLE 7
Study items for the 21 GHz band broadcasting-satellite services
and the associated feeder-link systems*[footnoteRef:1] [1: 	The issues described in this Table are examples of study items and not intended to confine the studies.] 

	Study items
	BSS systems with the mitigation technique of
	BSS systems with no mitigation technique
	Example of Ccorresponding ITU-R Recommendations[footnoteRef:2]
ITU-R [2:  	Many Recommendations are dealing only with 17/12 GHz BSS bands. Applicability of these Recommendations to the 21.4-22 GHz and associated feeder link bands should be verified.] 


	
	Increase in e.i.r.p.
	Hierarchical transmission
	Broadcasting system assuming storage in receiver
	
	

	1	Service availability
	–	Objective of availability against the fading caused by precipitation
	–	Objective of availability against the fading caused by precipitation
	–	Definition of service availability for non-real time broadcasting
	–	Objective of availability against the fading caused by precipitation
	BO.1659 “Mitigation techniques for rain attenuation for broadcasting-satellite service systems in frequency bands between 17.3 GHz and 42.5 GHz”

	2	Attenuation caused by precipitation and other meteorological factors
	–	Relation between attenuation and time
	–	Fade dynamics (Frequency and duration of attenuation)
	–	Fade dynamics (Frequency and duration of attenuation)
	-
	P.618-89 “Propagation data and prediction methods required for the design of Earth-space telecommunication systems”
P.837-5 “Characteristics of precipitation for propagation modelling”
P.1623-1 “Prediction method of fade dynamics on Earth‑space paths”

	3	Downlink e.i.r.p. or pfd
	–	Derived by the required service availability and attenuation 
	–	Derived by the required service availability and attenuation
	–	Derived by the required service availability and attenuation
	–	Derived by the required service availability and attenuation
	BO.1776 ”Reference power flux-density for the broadcasting-satellite service in the band 21.4-22.0 GHz in Regions 1 and 3”


	4	Channel coding
	–	Modulation scheme, interleave, etc.
	–	Modulation scheme, interleave, etc.
	–	Modulation scheme, interleave, etc.
	–	Modulation scheme, interleave, etc.
	BO.1211, BO.1408-1 “Transmission system for advanced multimedia services provided by integrated services digital broadcasting in a broadcasting-satellite channel”
, BO.1516 “Digital multiprogramme television systems for use by satellites operating in the 11/12 GHz frequency range”
[Editorial notes: Applicability to the 21 GHz band needs to be assessed. Furthermore, Table 1 in Recommendation ITU-R BO.1516 needs to be revised regarding reference to other Recommendations (ITU-R BO.1211 and ITU-R BO.1294)]

	5	Sharing criteria
	–	Protection ratios, pfd mask,  T / T, C/I, EPM, I/N
	–	Protection ratios, pfd mask,  T / T, C/I, EPM, I/N
	–	Protection ratios, pfd mask,  T / T, C/I, EPM, I/N
	–	Protection ratios, pfd mask,  T / T, C/I, EPM, I/N
	BO.792 “Interference protection ratios for the broadcasting-satellite service (television) in the 12 GHz band”, 
BO.1293-2 “Protection masks and associated calculation methods for interference into broadcast-satellite systems involving digital emissions”
Comments: These two Recommendations are intended for the Appendices 30 and 30A systems. The case of 21 GHz BSS systems could be better covered in a new recommendation, 
BO.1297 BO.1785 “Intra-service sharing criteria for GSO BSS systems in the band 21.4-22.0 GHz in Regions 1 
and 3”

	6	Methodology for interference calculation
	–	Including the satellite orbital spacing, satellite station keeping
	–	Including the satellite orbital spacing, satellite station keeping
	–	Including the satellite orbital spacing, satellite station keeping
	–	Including the satellite orbital spacing, satellite station keeping
	BO.1212“Calculation of total interference between geostationary-satellite networks in the broadcasting-satellite service”
[Editorial notes:  The Recommendation has not been reviewed since 1995. Its accuracy needs to be reviewed], BO.1293-2

	7	Possible example Frequencies for associated feeder link bands
	No particular FSS Earth-to-space frequency bands should be identified for associated feeder links. This implies that in addition to the FSS uplink bands other bands could also be considered for allocation to associated feeder links–	17.8-18.4 GHz, 24.75-25.25 GHz, 27.5-30 GHz
	

	8	Feeder-link e.i.r.p.
	–	site diversity
–	power control
	–	site diversity
–	power control
	–	site diversity
–	power control
	-
	

	9	Receiving G/T
	–	Noise Figure
	–	Noise Figure
	–	Noise Figure
	–	Noise Figure
	BO.790 “Characteristics of receiving equipment and calculation of receiver figure-of-merit (G/T) for the broadcasting-satellite service”
[Editorial notes: This Recommendation needs to be updated to cover the 21 GHz BSS systems]

	10	Polarization
	–	Linear Polarization, Circular Polarization, or not specified
	BO.791 “Choice of polarization for the broadcasting-satellite service”
[Editorial notes: This Recommendation needs to be updated to cover the 21 GHz BSS systems]

	11	Reference receive earth station antenna patterns
	–	Diameter, gain, reference pattern
	–	Diameter, gain, reference pattern
	–	Diameter, gain, reference pattern
	–	Diameter, gain, reference pattern
	BO.1213-1 “Reference receiving earth station antenna pattern for the broadcasting-satellite service in the 
11.7-12.75 GHz band”
[Editorial notes: This Recommendation needs to be updated to cover the 21 GHz BSS systems]

	12	Reference patterns for satellite transmitting antennas
	–	Range of gain control, description in Appendix 4
	–	Gain, off-axis radiation pattern
	–	Gain, off-axis radiation pattern
	–	Gain, off-axis radiation pattern
	BO.652-1“Reference patterns for earth station and satellite antennas for the broadcasting-satellite service in the 
12 GHz band and for associated feeder-links in the 14 GHz and 17 GHz bands”
[Editorial notes: This Recommendation would need to be updated to cover the 21 GHz BSS systems. However, a new Recommendation would be a better solution], BO.1445

	13	Reference patterns for satellite receiving antennas
	–	No specific Recommendation is needed for 21 GHz systemsGain, off-axis radiation pattern
	–	No specific Recommendation is needed for 21 GHz systemsGain, off-axis radiation pattern
	–	No specific Recommendation is needed for 21 GHz systemsGain, off-axis radiation pattern
	–	No specific Recommendation is needed for 21 GHz systems
	BO.1296

	14	Reference transmit earth station antenna off-axis e.i.r.p. patterns
	–	e.i.r.p., reference pattern
	–	e.i.r.p., reference pattern
	–	e.i.r.p., reference pattern
	–	e.i.r.p., reference pattern
	BO.1295 “Reference transmit earth station antenna off-axis e.i.r.p. patterns for planning purposes to be used in the revision of the Appendix 30A (Orb-88) Plans of the Radio Regulations at 14 GHz and 17 GHz in Regions 1 and 3”
S.524-9 “Maximum permissible levels of off-axis e.i.r.p. density from earth stations in geostationary-satellite orbit networks operating in the fixed-satellite service transmitting in the 6 GHz, 13 GHz, 14 GHz and 30 GHz frequency bands”

	15	Unwanted emission level
	–	Protection of RASReview of Recommendation ITU‑R SM.1633 (Annex 12)
	SM.1633 “Compatibility analysis between a passive service and an active service allocated in adjacent and nearby bands”

	16	Others
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2	Downlink receiving earth station antenna patterns
[No change in this section]
In this section, measured downlink receiving earth station antenna patterns for the 21 GHz band broadcasting in Regions 1 and 3 are presented. More measured antenna patterns are needed in order the study to be completed. Administrations are further invited to submit measured downlink receiving earth station antenna patterns for the 21 GHz band BSS systems.
2.1	Conditions for the measurement
The conditions for the measurement of antenna patterns in the 21 GHz band are shown in Table 8.
TABLE 8
The conditions for the measurement
	Antenna type
	Reflector and feed horn

	Diameter of the reflector D
	45 cm
	60 cm
	120 cm

	Focal length of the reflector F
	20.8 cm
	28.2 cm
	56.6 cm

	Frequency f
	21.7 GHz

	Polarization
	Linear (horizontal, vertical)

	Beamwidth of the feed horn (co-pol.)
	43° (E-plane), 46° (H-plane)

	XPDmin of the feed horn within 45°
	37 dB (E-plane), 31 dB (H-plane)

	Planar angle of the antenna in the measurement
	0° (horizontal)



2.2	Measured antenna patterns
The summary of the measured antenna patterns in the 21 GHz band is given in Tables 9A and 9B. In Table 9A, it is seen that the antenna gain of the 45 cm antenna 1  is slightly high (the efficiency is 83.3%) while the usual antenna efficiency lies between 70-80%. One possible reason for the high antenna gain is that the antenna under test might receive a reflected wave in phase with the main signal, however, the efficiency value of 83.3% is considered within a measurement error. 
TABLE 9a
The summary of the measured antenna patterns
	
	Antenna 1
	Antenna 2

	Diameter of the reflector D
	45 cm
	60 cm

	Antenna gain Gmax
Efficiency
(Calculated)
	39.4 dBi
83.3%
(38.9 dBi, 75.6%)
	41.8 dBi
81.4%
(41.4 dBi, 75.6%)

	Polarization
	H
	V
	H
	V

	Beamwidth (–3 dB)
	2.2°
	2.3°
	1.6°
	1.7°

	XPD (minimum)
	14.7 dB
	18.7 dB
	17.2 dB
	18.5 dB


In Table 9B, it is seen that the antenna gain for each antenna is slightly low (the efficiency lies between 50% - 60%) while the antenna efficiency in the12 GHz band is assumed to be 65% in 2.4.1 of Annex 3 to RR Appendix 30. 
TABLE 9b
The summary of the measured antenna patterns
	
	Antenna 3
	Antenna 4
	Antenna 5

	Diameter of the reflector D
	45 cm
	60 cm
	120 cm

	Polarization
	H
	V
	RHC
	H
	V
	RHC
	H
	V
	RHC

	Antenna gain Gmax
	37.95
dBi
	37.85
dBi
	37.95
dBi
	40.45
dBi
	40.65
dBi
	40.25
dBi
	45.55
dBi
	45.35
dBi
	45.25
dBi



The individual antenna patterns are shown in Fig. 21 (antenna 145 cm), Fig. 22 (antenna 260 cm), Fig 23 (antenna 3), Fig 24 (antenna 4), Fig 25 (antenna 5).
The antenna pattern masks in Figs. 21 and 22 are expressed as follows:
Co-polar



Gco ()    2.5 × 10−3 	for	0			<  m     where 

Gco ()    G1    29  –  25 log r – Gmax   	for	m			<  r      where 
Gco ()    29  –  25 log – Gmax   	for	r			<  b      where b    10(34/25)
Gco ()    –5  –  Gmax  	for	b			  70
Gco ()    0  –  Gmax  	for	70			  180

			where 0	
						  3 dB beamwidth

Cross-polar

Gcross ()    –25	for  0			       0.25  0

Gcross ()    −25  +  8  	for  0.25	0	       0.44  0
Gcross ()    –17	for  0.44	0	       0


Gcross ()    –17  –  13.5625  	for  0	 		   1      where 
Gcross ()    21  –  25 log – Gmax   	for  1	 		 <  2      where 2    10(26/25)
Gcross ()    –5  –  Gmax   	for  2	 		   70
Gcross ()    0  –  Gmax   	for  70 		   180
It can be said in Figs. 21 and 22 that the measured antenna patterns agree well with the calculated ones. The measured patterns are mostly under the antenna pattern masks, which are derived from Recommendation ITU‑R BO.1213 such that they are expressed with relative gain, given by the above equations. However, in the vicinity of the antenna boresight the cross-polar patterns in part exceed the antenna pattern masks. Further study is needed on this matter.

	FIGURE 21-1-1a
Co-polar pattern (45 cm, H)
(measured vs. calculated)
	FIGURE 21-1-2a
Cross-polar pattern (45 cm, H) 
(measured vs. calculated)







	FIGURE 21-1-1b
Co-polar pattern (45 cm, H)
(measured vs. BO.1213 mod.)
	FIGURE 21-1-2b
Cross-polar pattern (45 cm, H)
(measured vs. BO.1213 mod.)





	FIGURE 21-2-1a
Co-polar pattern (45 cm, V)
(measured vs. calculated)
	FIGURE 21-2-2a
Cross-polar pattern (45 cm, V)
(measured vs. calculated)







	FIGURE 21-2-1b
Co-polar pattern (45 cm, V)
(measured vs. BO.1213 mod.)
	FIGURE 21-2-2b
Cross-polar pattern (45 cm, V)
(measured vs. BO.1213 mod.)





	FIGURE 22-1-1a
Co-polar pattern (60 cm, H)
(measured vs. calculated)
	FIGURE 22-1-2a
Cross-polar pattern (60 cm, H)
(measured vs. calculated)







	

FIGURE 22-1-1b
Co-polar pattern (60 cm, H)
(measured vs. BO.1213 mod.)
	FIGURE 22-1-2b
Cross-polar pattern (60 cm, H)
(measured vs. BO.1213 mod.)





	FIGURE 22-2-1a
Co-polar pattern (60 cm, V)
(measured vs. calculated)
	FIGURE 22-2-2a
Cross-polar pattern (60 cm, V)
(measured vs. calculated)







	FIGURE 22-2-1b
Co-polar pattern (60 cm, V)
(measured vs. BO.1213 mod.)
	FIGURE 22-2-2b
Cross-polar pattern (60 cm, V)
(measured vs. BO.1213 mod.)




The measured patterns in Figs. 23, 24 and 25 below lie under the antenna pattern masks given by Recommendation ITU-R BO.1213. The reason why the antenna pattern mask starts from 1 degree instead of 0 degree is that the foreign interference waves come from outside of the boresight. The antenna pattern in Recommendation ITU-R S.580 is also specified from the off axis angle of 1 degree at the minimum. 


	FIGURE 23-1-1a
Co-polar pattern (45 cm, H)
(measured vs. example mask based on Recommendation ITU-R BO.1213)
	FIGURE 23-1-2a
Cross-polar pattern (45 cm, H) 
(measured vs. example mask based on Recommendation ITU-R BO.1213)
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	FIGURE 23-1-1b
Co-polar pattern (45 cm, H)
(measured vs. example mask based on Recommendation ITU-R BO.1213)
	FIGURE 23-1-2b
Cross-polar pattern (45 cm, H)
(measured vs. example mask based on Recommendation ITU-R BO.1213)
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	FIGURE 23-2-1a
Co-polar pattern (45 cm, V)
(measured vs. example mask based on Recommendation ITU-R BO.1213)
	FIGURE 23-2-2a
Cross-polar pattern (45 cm, V)
(measured vs. example mask based on Recommendation ITU-R BO.1213)
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	FIGURE 23-2-1b
Co-polar pattern (45 cm, V)
(measured vs. example mask based on Recommendation ITU-R BO.1213)
	FIGURE 23-2-2b
Cross-polar pattern (45 cm, V)
(measured vs. example mask based on Recommendation ITU-R BO.1213)
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	FIGURE 23-3-1a
Co-polar pattern (45 cm, RHC)
(measured vs. example mask based on Recommendation ITU-R BO.1213)
	FIGURE 23-3-2a
Cross-polar pattern (45 cm, RHC)
(measured vs. example mask based on Recommendation ITU-R BO.1213)
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	FIGURE 23-3-1b
Co-polar pattern (45 cm, RHC)
(measured vs. example mask based on Recommendation ITU-R BO.1213)
	FIGURE 23-3-2b
Cross-polar pattern (45 cm, RHC)
(measured vs. example mask based on Recommendation ITU-R BO.1213)
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	FIGURE 24-1-1a
Co-polar pattern (60 cm, H)
(measured vs. example mask based on Recommendation ITU-R BO.1213)
	FIGURE 24-1-2a
Cross-polar pattern (60 cm, H)
(measured vs. example mask based on Recommendation ITU-R BO.1213)


[image: ][image: ]


	

FIGURE 24-1-1b
Co-polar pattern (60 cm, H)
(measured vs. example mask based on Recommendation ITU-R BO.1213)
	FIGURE 24-1-2b
Cross-polar pattern (60 cm, H)
(measured vs. example mask based on Recommendation ITU-R BO.1213)
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	FIGURE 24-2-1a
Co-polar pattern (60 cm, V)
(measured vs. example mask based on Recommendation ITU-R BO.1213)
	FIGURE 24-2-2a
Cross-polar pattern (60 cm, V)
(measured vs. example mask based on Recommendation ITU-R BO.1213)
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	FIGURE 24-2-1b
Co-polar pattern (60 cm, V)
(measured vs. example mask based on Recommendation ITU-R BO.1213)
	FIGURE 24-2-2b
Cross-polar pattern (60 cm, V)
(measured vs. example mask based on Recommendation ITU-R BO.1213)
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	FIGURE 24-3-1a
Co-polar pattern (60 cm, RHC)
(measured vs. example mask based on Recommendation ITU-R BO.1213)
	FIGURE 24-3-2a
Cross-polar pattern (60 cm, RHC)
(measured vs. example mask based on Recommendation ITU-R BO.1213)


[image: ][image: ]


	FIGURE 24-3-1b
Co-polar pattern (60 cm, RHC)
(measured vs. example mask based on Recommendation ITU-R BO.1213)
	FIGURE 24-3-2b
Cross-polar pattern (60 cm, RHC)
(measured vs. example mask based on Recommendation ITU-R BO.1213)
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	FIGURE 25-1-1a
Co-polar pattern (120 cm, H)
(measured vs. example mask based on Recommendation ITU-R BO.1213)
	FIGURE 25-1-2a
Cross-polar pattern (120 cm, H)
(measured vs. example mask based on Recommendation ITU-R BO.1213)
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	FIGURE 25-1-1b
Co-polar pattern (120 cm, H)
(measured vs. example mask based on Recommendation ITU-R BO.1213)
	FIGURE 25-1-2b
Cross-polar pattern (120 cm, H)
(measured vs. example mask based on Recommendation ITU-R BO.1213)
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	FIGURE 25-2-1a
Co-polar pattern (120 cm, V)
(measured vs. example mask based on Recommendation ITU-R BO.1213)
	FIGURE 25-2-2a
Cross-polar pattern (120 cm, V)
(measured vs. example mask based on Recommendation ITU-R BO.1213)
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	FIGURE 25-2-1b
Co-polar pattern (120 cm, V)
(measured vs. example mask based on Recommendation ITU-R BO.1213)
	FIGURE 25-2-2b
Cross-polar pattern (120 cm, V)
(measured vs. example mask based on Recommendation ITU-R BO.1213)
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	FIGURE 25-3-1a
Co-polar pattern (120 cm, RHC)
(measured vs. example mask based on Recommendation ITU-R BO.1213)
	FIGURE 25-3-2a
Cross-polar pattern (120 cm, RHC)
(measured vs. example mask based on Recommendation ITU-R BO.1213)


[image: ][image: ]


	FIGURE 25-3-1b
Co-polar pattern (120 cm, RHC)
(measured vs. example mask based on Recommendation ITU-R BO.1213)
	FIGURE 25-3-2b
Cross-polar pattern (120 cm, RHC)
(measured vs. example mask based on Recommendation ITU-R BO.1213)
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3	Example of the 21 GHz band broadcasting satellites
This section deals with the following items for BSS systems with rain and other attenuation mitigation techniques by increase of satellite e.i.r.p.:
–	service availability;
[bookmark: OLE_LINK1]–	attenuation caused by precipitation and other meteorological factors;
–	downlink e.i.r.p. or pfd;
–	channel coding.
This section also presents examples of the 21 GHz band BSS utilizing the locally-variable e.i.r.p. system (see Recommendation ITU‑R BO.1659) and shows required pfd values to overcome the large rain attenuation. In area subject to high total link attenuation, Tthe locally-variable e.i.r.p. system can significantly reduce the necessary total RF power compared to conventional systems. 
3.1	A promising satellite transmitting antenna technique to achieve the locally-variable e.i.r.p. system 
An array-fed phased-reflector antenna employing miniature TWTs is considered as one of the promising satellite transmitting antenna techniques to achieve the locally-variable e.i.r.p. system (see Recommendation ITU‑R BO.1659).
3.12	Service availability for the BSS with the increase in e.i.r.p. in the band 21.4-22 GHz
The downlink service availability of the 21 GHz band BSS is desired to be achieved at that of the 12 GHz band. Therefore, a service availability of 99.7‑99.9% in a year or more is required for the 21 GHz band BSS to carry out real-time broadcasting. 
3.23	Attenuation caused by precipitation and other meteorological factors in the band 21.4‑22 GHz
(Editorial’s note: This section should be reviewed in light with the updated rain attenuation model under Recommendation ITU-R P.618-9.)
The rain attenuations and atmospheric absorptions for some major cities in Regions 1 and 3 are tabulated in the § 5 of Appendix 1 to Annex 3 of Recommendation ITU‑R BO.1659. An example of time percentage of rain attenuation calculated in  and  by Recommendation ITU‑R P.618-98 is depicted in Fig. 23a and Fig. 23b, respectively. 
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]In , Tthe rain attenuations at 0.3% and 0.1% of time are 6.0 dB 6.1 dB and 10.8 dB 11.1 dB, respectively. The gaseous attenuation is 1.7 dB, the attenuation due to clouds is 1.12 dB, and the attenuation due to tropospheric scintillation is 0.42 dB. By using the equation [(46)] in § 2.5 of Recommendation ITU‑R P.618-98, the total link attenuations at 0.3% and 0.1% of time become 8.9 dB9.0 dB and 13.7 dB13.9 dB, respectively. 
In , the total link attenuation at 0.3% and 0.1% of time are 3.7 dB and 6.3 dB, respectively. 


3.34	Downlink e.i.r.p. or pfd in the band 21.4-22 GHz
(Editorial’s note: This section should be reviewed in light with the updated rain attenuation model under Recommendation ITU-R P.618-9.)
The example in Tables 10a and 10b shows the necessary pfd values, in  and , to overcome the rain attenuation of 11.1 dB and 6.1 dB, which corresponds to theachieve a service availability of 99.9% and 99.7% in the case of Fig. 23 respectively, for various channel codings. The required C/N in this Table includes some degradations by actual hardware such as non-linear effects of satellite transponder, etc. The peak pfd ranges from −98.3 −97.2 dB(W/(m2 · 1 MHz)) to −115.60.7 dB(W/(m2 · 1 MHz)) for the rain attenuation of 11.1 dBa service availability of 99.9%, and from −103.3 −102.5 dB(W/(m2 · 1 MHz)) to −118.96.0 dB(W/(m2 · 1 MHz))] for a service availability of 99.7%the rain attenuation of 6.1 dB. 
The downlink e.i.r.p. can be derived from the pfd value in Tables 10a and 10b and the bandwidth. The detail is discussed in the next section.

Figure 263a
Example of rain attenuation at 21.7 GHz in  calculated by
Recommendation ITU‑R P.618-98

[image: ]

Figure 26b
Example of rain attenuation at 21.7 GHz in  calculated by
Recommendation ITU‑R P.618-9
[image: ]
TABLE 10aa
Examples of The pfd values required to achieve a service availability of 99.9%for overcoming the rain attenuation of 11.1 dB(overall propagation loss is 13.9 dB)
	Modulation
	Required C/N
	Osaka
	Luxembourg

	
	
	Edge (–3 dB)         pfd values
dB(W/(m2  1 MHz))
	Peak                      pfd values
dB(W/(m2 · 1 MHz))
	Edge (–3 dB)         pfd values
dB(W/(m2 · 1 MHz))
	Peak                       pfd values
dB(W/(m2 · 1 MHz))

	DVB-S QPSK1/2
	4.4 dB
	−114.8–113.7 
dB(W/(m2 · MHz))
	−111.8–110.7 
dB(W/(m2 · MHz))
	–118.6
	–115.6

	DVB-S2 QPSK3/4
	5.6 dB
	−113.6
	−110.6
	–117.4
	–114.4

	DVB-S QPSK3/4
	7.5 dB
	−111.6–110.6 
dB(W/(m2 · MHz))
	−108.6–107.6 
dB(W/(m2 · MHz))
	–115.5
	–112.5

	ISDB-S 
TC8-PSK
	10.7 dB
	−108.3–107.3 
dB(W/(m2 · MHz))
	−105.3–104.3 
dB(W/(m2 · MHz))
	–112.1
	–109.1

	DVB-S 
16-QAM3/4
	17.0 dB
	−101.3–100.2 
dB(W/(m2 · MHz))
	−98.3–97.2 
dB(W/(m2 · MHz))
	–104.8
	–101.8


TABLE 10bb
Examples ofThe pfd values required to achieve a service availability of 99.7%for overcoming the rain attenuation of 6.1 dB(overall propagation loss is 9.0 dB)
	Modulation
	Required C/N
	Osaka
	Luxembourg

	
	
	Edge (–3 dB)         pfd values
dB(W/(m2 · 1 MHz))
	Peak                     pfd values
dB(W/(m2 · 1 MHz))
	Edge (–3 dB)          pfd values
dB(W/(m2 · 1 MHz))
	Peak                       pfd values
dB(W/(m2 · 1 MHz))

	DVB-S QPSK1/2
	4.4 dB
	−119.9–118.9 
dB(W/(m2 · MHz))
	−116.9–116.0 
dB(W/(m2 · MHz))
	–121.9
	–118.9

	DVB-S2 QPSK3/4
	5.6 dB
	−118.6
	−115.6
	–120.7
	–117.7

	DVB-S QPSK3/4
	7.5 dB
	−116.7–115.8 
dB(W/(m2 · MHz))
	−113.7–112.9 
dB(W/(m2 · MHz))
	–118.7
	–115.7

	ISDB-S
TC8-PSK
	10.7 dB
	−113.4–112.5 
dB(W/(m2 · MHz))
	−110.4–109.5 
dB(W/(m2 · MHz))
	–115.4
	–112.4

	DVB-S 
16-QAM3/4
	17.0 dB
	−106.3–105.4 
dB(W/(m2 · MHz))
	−103.3–102.5 
dB(W/(m2 · MHz))
	–108.1
	–105.1



3.45	Examples of BSS utilizing the locally-variable e.i.r.p. system in the band 21.4-22 GHz
An array-fed phased-reflector antenna employing miniature TWTs is considered as one of the promising satellite transmitting antenna techniques to achieve the locally-variable e.i.r.p. system (see Recommendation ITU‑R BO.1659).
Examples of BSS parameters utilizing a locally-variable e.i.r.p. system are given in the Appendix to § 3 of Annex 2. The required RF powers for these examples are shown in Table 11. In these examples, required RF powers per 1 MHz are presented. Some examples of transmitting antenna gain patterns concerning each Table as follows can be referred to the following Appendix.
TABLE 11aa
Required RF power for overcoming the rain attenuation of 11.1 dB
	
	Locally-variable e.i.r.p. system
	Uniform 

	Boosted beam diameter
(% vs. nationwide beam)
	200 km
(2%)
	300 km
(5%)
	400 km
(7%)
	–

	Boosted beam gain (–3 dB)
	47.5 dBi
	47.3 dBi
	46.7 dBi
	–

	Nationwide antenna gain
	38.8 dBi
	38.8 dBi
	38.0 dBi
	40.2 dBi

	
	Required specific RF power per MHz

	QPSK1/2
	1.1 W/MHz
	1.2 W/MHz
	1.4 W/MHz
	6.1 W/MHz

	QPSK3/4
	2.3 W/MHz
	2.4 W/MHz
	2.8 W/MHz
	12.5 W/MHz

	TC8-PSK
	5.0 W/MHz
	5.2 W/MHz
	6.0 W/MHz
	26.8 W/MHz

	16-QAM2/3
	25.3 W/MHz
	26.5 W/MHz
	30.4 W/MHz
	135.9 W/MHz



TABLE 11bb
Required RF power for overcoming the rain attenuation of 6.1 dB
	
	Locally-variable e.i.r.p. system
	Uniform 

	Boosted beam diameter
(% vs. nationwide beam)
	200 km
(2%)
	300 km
(5%)
	400 km
(7%)
	–

	Boosted beam gain (−3 dB)
	44.7 dBi
	45.1 dBi
	44.0 dBi
	–

	Nationwide antenna gain
	39.6 dBi
	39.5 dBi
	39.2 dBi
	40.2 dBi

	
	Required specific RF power per MHz

	QPSK1/2
	0.6 W/MHz
	0.6 W/MHz
	0.8 W/MHz
	1.8 W/MHz

	QPSK3/4
	1.3 W/MHz
	1.2 W/MHz
	1.6 W/MHz
	3.8 W/MHz

	TC8-PSK
	2.9 W/MHz
	2.6 W/MHz
	3.4 W/MHz
	8.1 W/MHz

	16-QAM2/3
	14.5 W/MHz
	13.3 W/MHz
	17.1 W/MHz
	41.0 W/MHz


It can be said from Table 11 that by employing a locally-variable e.i.r.p. system, the transmitting power can be reduced by about 7 dB or 4 dB. It should be noted that in the locally-variable e.i.r.p. system, the pfd values of the nationwide beam are significantly lower than the peak value. These lower pfd values should be taken into account in the sharing study.
3.5	Examples of BSS system in the band 21.4-22 GHz with no mitigation technique
In area not subject to high total link attenuation, it should not be required to implement some mitigation technique to overcome the rain attenuation. Examples of BSS parameters are shown in Table [AA].
In these examples, the benefit of the limited impact due to the rain attenuation could be used to:
–	limit the required RF power;
–	reduce antenna size;
–	increase information bit rate.

TABLE [AA]
Examples of 21 GHz band BSS link budget with no mitigation technique
[image: ]
3.6 Conclusion
(Editorial’s note: This section should be reviewed in light with the updated rain attenuation model under Recommendation ITU-R P.618-9.)
This Report presents the relation between pfd values and the service availability values for various channel codings. 
In order to overcome the large rain attenuation of 10.811.1 DbdB or 6.06.1 DbdB in , which corresponds to the service availability of 99.9 or 99.7% in a year, the peak pfd ranges between −98.3−97.2 DbdB(W/(m2 · 1 MHz)) and −116.9−116.0  DbdB(W/(m2 · 1 MHz)). For area not subject to large rain attenuation, the same service availability could be reached with at least 3 dB reductions of the pfd values.
It was also shown for the system described in section 3.4 on Annex 2 of this Report, that by employing a locally-variable e.i.r.p. system, the transmitting RF power can be reduced by 7 DbdB or 4 DbdB compared to the uniform beam system. For the locally-variable e.i.r.p. system, the minimum pfd values should be taken into account in the sharing study.


Appendix to § 3 of Annex 2

[No change to the end]
Examples of BSS parameters utilizing a locally-variable e.i.r.p. system
Examples of BSS parameters utilizing a locally-variable e.i.r.p. are given in this Appendix for various parameters.
–	The service availability: 99.7%, 99.9% of a year
–	The rain attenuation: 6.06.1 dB for 99.7%, 10.811.1 dB for 99.9% of service availability
–	The diameter of a boosted beam: 200 km (2%), 300 km (5%), 400 km (7%) (% compared to the nationwide beam)
–	Modulation: QPSK1/2, QPSK3/4, TC8-PSK, 16-QAM3/4.
The diameter of onboard antenna is 4 m and the number of feed elements is 188. The radiation patterns are given in Fig. 274 (uniform beam), Fig. 285 (boosted beam has about 9 dB higher gain) and Fig. 296 (boosted beam has about 4 dB higher gain). Figure 3128 shows an example of experimental feed array consisting of 7 mini-TWTs, and each TWT has about 10 W RF output power.
BSS system parameters, especially total RF power, are given for three cases as follows:
Case 1 – The diameter of the boosted beam is about 200 km. (Table 12)
Case 2 – The diameter of the boosted beam is about 300 km. (Table 13)
Case 3 – The diameter of the boosted beam is about 400 km. (Table 14)
In these examples, the required total RF powers for transmitting about 40 Mbit/s of information bit rate are given. 
For example, the necessary peak pfd values are derived for TC8-PSK as follows:
–	for 10.811.1 dB (99.9% of service availability): −105.3–104.5 dB(W/(m2 · 1 MHz))
–	for 6.06.1 dB (99.7% of service availability): −110.4–109.5 dB(W/(m2 · 1 MHz))
It is interesting to compare the necessary RF power for the uniform beam system (Fig. 274) and the locally-variable e.i.r.p. system (e.g. Fig. 285a). The antenna gain of the former is 40.2 dBi and the latter is 47.5 dBi and the difference between the two is about 7 dB. That means the necessary RF power differs by 7 dB for attaining the same service availability. 
The difference in the antenna gain between the uniform beam system (40.2 dBi in Fig. 274) and the nationwide beam (38.8 dBi in Fig. 285a) is 1.4 dB. It can be said that by adding 1.4 dB more RF power to the uniform beam, 10.811.1 dB of rain attenuation can be overcome (the 99.9% of service availability can be achieved).
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TABLE 12
Examples of 21 GHz band BSS parameters utilizing a locally-variable e.i.r.p. system
(The diameter of the boosted beam is 200 km and the information rate is about 40 Mbit/s, 240 Mbit/s and 480 Mbit/s)

	[bookmark: OLE_LINK4][bookmark: OLE_LINK5]Link parameters
	

	Uplink C/(N + I)
	24 dB

	Tx antenna diameter
	4 m

	No. of feed horns
	188

	Receiving antenna
	Dia. = 45 cm, Effic. = 70%, NF = 1.5 dB

	Information bit rate
	About 40 Mbit/s
	About 240 Mbit/s
	About 480 Mbit/s

	Modulation
	QPSK1/2
	QPSK3/4
	TC8-PSK
	16-QAM3/4
	QPSK1/2
	TC8-PSK

	Required C/N
	4.4 dB
	7.5 dB
	10.7 dB
	17.0 dB
	4.4 dB
	10.7 dB

	Channel bandwidth (99%)
	54.2 MHz
	35.4 MHz
	26.4 MHz
	17.4 MHz
	252.3 MHz

	Symbol rate
	45.2 MBd
	29.6 MBd
	22 MBd
	14.6 MBd
	246.7 MBd

	Required pfd (dB(W/(m2 · 1 MHz)))(1)
	−127.1 −126.6
	−123.9 −123.4
	−120.6 −120.1
	−113.6 −113.1
	−127.1 
	−120.6 

	Case 1
	

	Service availability in a year by boosted beam
	99.9%
(Rain attenuation: 10.811.1 dB total attenuation: 13.713.9 dB)

	Antenna gain
(Fig. 25a)
	Boosted beam (−3 dB): 47.5 dBi
Nationwide beam (min.): 38.8 dBi

	Total RF power (Fig. 27)
	56.8 W 57.6 W
	76.6 W 77.8 W
	122.4 W 126 W
	409.7 W 418 W
	264.2 W 
	1169.5 W 

	e.i.r.p. nationwide
	56.3  dBW 56.4 dBW
	57.6  dBW 57.7 dBW
	59.7  dBW 59.8 dBW
	64.9  dBW 65.0 dBW
	63.0  dBW 
	69.5  dBW 



	e.i.r.p. boosted beam(–3 dB)
	65.0  dBW 65.1 dBW
	66.3  dBW 66.4 dBW
	68.4  dBW 68.5 dBW
	73.6  dBW 73.7 dBW
	71.7  dBW 
	78.2  dBW 

	Peak pfd (dB(W/(m2 · 1 MHz)))
	−111.8 −111.0
	−108.6 −107.8
	−105.3 −104.5
	−98.3 −97.5
	−111.8 
	−105.3 

	Boosted beam pfd (dB(W/(m2 · 1 MHz)))
	−114.8 −114.0
	−111.6 −110.8
	−108.3 −107.5
	−101.3 −100.5
	−114.8 
	−108.3 

	Nationwide beam pfd (dB(W/(m2 · 1 MHz)))
	−123.5 −122.7
	−120.3 −119.5
	−117.0 −116.2
	−110.0 −109.2
	−123.5 
	−117.0 

	Case 2
	

	Service availability in a year by boosted beam
	99.7%
(Rain attenuation: 6.06.1 dB total attenuation: 8.99.0 dB)

	Antenna gain
(Fig. 26a)
	Boosted beam (−3 dB): 44.7 dBi
Nationwide beam (min.): 39.539.6 dBi

	Total RF power (Fig. 27)
	33.5 W 35.6 W
	45.2 W 48.0 W
	72.2 W 76.0 W
	241.9 W 258 W
	156.0 W 
	690.4 W 

	e.i.r.p. nationwide
	54.9 dBW 55.1 dBW
	56.2 dBW 56.4 dBW
	58.2 dBW 58.4 dBW
	63.4 dBW 63.7 dBW
	61.5 dBW 
	68.0 dBW 

	e.i.r.p. boosted beam(–3 dB)
	60.0 dBW 60.2 dBW
	61.3 dBW 61.5 dBW
	63.3 dBW 63.5 dBW
	68.5 dBW 68.8 dBW
	66.6 dBW 
	73.1 dBW 

	Peak pfd (dB(W/(m2 · 1 MHz)))
	−116.9 −115.9
	−113.7 −112.8
	−110.4 −109.5
	−103.3 −102.4
	−116.9 
	−110.4 

	Boosted beam pfd (dB(W/(m2 · 1 MHz)))
	−119.9 −118.9
	−116.7 −115.8
	−113.4 −112.5
	−106.3 −105.4
	−119.9 
	−113.4 

	Nationwide beam pfd (dB(W/(m2 ·1 MHz)))
	−125.0 −124.0
	−121.8 −120.9
	−118.5 −117.6
	−111.4 −110.5
	−125.0 
	−118.5 

	(1)	The required pfd overcomes attenuation including propagation losses due to clouds, gas and tropospheric scintillation.


TABLE 13
Examples of 21 GHz band BSS parameters utilizing a locally-variable e.i.r.p. system
(The diameter of the boosted beam is 300 km and the information rate is about 40 Mbit/s, 240 Mbit/s and 480 Mbit/s)

	Link parameters
	

	Uplink C/(N + I)
	24 dB

	Tx antenna diameter
	4 m

	No. of feed horns
	188

	Receiving antenna
	Dia. = 45 cm, Effic. = 70%, NF = 1.5 dB

	Information bit rate
	About 40 Mbit/s
	About 240 Mbit/s
	About 480 Mbit/s

	Modulation
	QPSK1/2
	QPSK3/4
	TC8-PSK
	16-QAM3/4
	QPSK1/2
	TC8-PSK

	Required C/N
	4.4 dB
	7.5 dB
	10.7 dB
	17.0 dB
	4.4 dB
	10.7 dB

	Channel bandwidth (99%)
	54.2 MHz
	35.4 MHz
	26.4 MHz
	17.4 MHz
	252.3 MHz

	Symbol rate
	45.2 MBd
	29.6 MBd
	22 MBd
	14.6 MBd
	246.7 MBd

	Required pfd (dB(W/(m2 · 1 MHz)))(1)
	−127.1 −126.6
	−123.9 −123.4
	−120.6 −120.1
	−113.6 −113.1
	−127.1 
	−120.6 

	Case 1
	

	Service availability in a year by boosted beam
	99.9%
(Rain attenuation: 10.811.1 dB total attenuation: 13.713.9 dB)

	Antenna gain
(Fig. 25b)
	Boosted beam (3 dB): 47.3 dBi
Nationwide beam (min.): 38.8 dBi

	Total RF power (Fig. 27)
	59.4 W 60.4 W
	80.2 W 81.4 W
	128.1 W 132 W
	429.0 W 438 W
	276.7 W 
	1224.7 W 

	e.i.r.p. nationwide
	56.3 dBW56.6 dBW
	57.6 dBW 57.9 dBW
	59.7 dBW 60.0 dBW
	64.9 dBW 65.2 dBW
	63.0 dBW 
	69.5 dBW 

	e.i.r.p. boosted beam(–3 dB)
	65.0 65.1 dBW
	66.3 66.4 dBW
	68.4 68.5 dBW
	73.6 73.7 dBW
	71.7 
	78.2 

	Peak pfd (dB(W/(m2 · 1 MHz)))
	−111.8 −111.0
	−108.6 −107.8
	−105.3 −104.5
	−98.3 −97.5
	−111.8 
	−105.3 

	Boosted beam pfd (dB(W/(m2 · 1 MHz)))
	−114.8 −114.0
	−111.6 −110.8
	−108.3 −107.5
	−101.3 −100.5
	−114.8 
	−108.3 

	Nationwide beam pfd (dB(W/(m2 · 1 MHz)))
	−123.5 −122.5
	−120.3 −119.3
	−117.0 −116.0
	−110.0 −109.0
	−123.5 
	−117.0 

	Case 2
	

	Service availability in a year by boosted beam
	99.7%
(Rain attenuation: 6.06.1 dB total attenuation: 8.99.0 dB)

	Antenna gain
(Fig. 26b)
	Boosted beam (–3 dB): 45.1 dBi
Nationwide beam (min.): 39.5 dBi

	Total RF power (Fig. 27)
	30.6 W32.4 W
	41.2 W 43.8 W
	65.9 W 69.4 W
	220.6 W 235 W
	142.3 W 
	629.7 W 

	e.i.r.p. nationwide
	54.9 dBW 54.6 dBW
	56.2 dBW 65.9 dBW
	58.2 dBW 57.9 dBW
	63.4 dBW 63.2 dBW
	61.5 dBW 
	68.0 dBW 

	e.i.r.p. boosted beam(–3 dB)
	60.0 dBW 60.2 dBW
	61.3 dBW 61.5 dBW
	63.3 dBW 63.5 dBW
	68.5 dBW 68.8 dBW
	66.6 dBW 
	73.1 dBW 

	Peak pfd (dB(W/(m2 · 1 MHz)))
	−116.9 −115.9
	−113.7 −112.8
	−110.4 −109.5
	−103.3 −102.4
	−116.9 
	−110.4 

	Boosted beam pfd (dB(W/(m2 · 1 MHz)))
	−119.9 −118.9
	−116.7 −115.8
	−113.4 −112.5
	−106.3 −105.4
	−119.9 
	−113.4 

	Nationwide beam pfd (dB(W/(m2 · 1 MHz)))
	−125.0 −124.5
	−121.8 −121.4
	−118.5 −118.1
	−111.4 −111.0
	−125.0 
	−118.5 

	(1)	The required pfd overcomes attenuation including propagation losses due to clouds, gas and tropospheric scintillation.



TABLE 14
Examples of 21 GHz band BSS parameters utilizing a locally-variable e.i.r.p. system
(The diameter of the boosted beam is 400 km and the information rate is about 40 Mbit/s, 240 Mbit/s and 480Mbit/s)

	Link parameters
	

	Uplink C/(N + I)
	24 dB

	Tx antenna diameter
	4 m

	No. of feed horns
	188

	Receiving antenna
	Dia. = 45 cm, Effic. = 70%, NF = 1.5 dB

	Information bit rate
	About 40 Mbit/s
	About 240 Mbit/s
	About 480 Mbit/s

	Modulation
	QPSK1/2
	QPSK3/4
	TC8-PSK
	16-QAM3/4
	QPSK1/2
	TC8-PSK

	Required C/N
	4.4 dB
	7.5 dB
	10.7 dB
	17.0 dB
	4.4 dB
	10.7 dB

	Channel bandwidth (99%)
	54.2 MHz
	35.4 MHz
	26.4 MHz
	17.4 MHz
	252.3 MHz

	Symbol rate
	45.2 MBd
	29.6 MBd
	22 MBd
	14.6 MBd
	246.7 MBd

	Required pfd (dB(W/(m2 · 1 MHz)))(1)
	−127.1 −126.6
	−123.9 −123.4
	−120.6 −120.1
	−113.6 −113.1
	−127.1 
	−120.6 

	Case 1
	

	Service availability in a year by boosted beam
	99.9%
(Rain attenuation: 10.811.1 dB total attenuation: 13.713.9 dB)

	Antenna gain
(Fig. 25c)
	Boosted beam (–3 dB): 46.7 dBi
Nationwide beam (min.): 38.0 dBi

	Total RF power (Fig. 27)
	68.2 W 69.4 W
	92.1 W 93.6 W
	147.1 W 152 W
	492.6 W 502 W
	317.7 W 
	1406.1 W 

	e.i.r.p. nationwide
	56.3 dBW56.4 dBW
	57.6 dBW 57.7 dBW
	59.7 dBW 59.8 dBW
	64.9 dBW 65.0 dBW
	63.0 dBW 
	69.5 dBW

	e.i.r.p. boosted beam(–3 dB)
	65.0 dBW 65.1 dBW
	66.3 dBW 67.4 dBW
	68.4 dBW 67.5 dBW
	73.6 dBW 73.7 dBW
	71.7 dBW
	78.2 dBW

	Peak pfd (dB(W/(m2 · 1 MHz)))
	−111.8 −111.0
	−108.6 −107.8
	−105.3 −104.5
	−98.3 −97.5
	−111.8 
	−105.3 

	Boosted beam pfd (dB(W/(m2 · 1 MHz)))
	−114.8 −114.0
	−111.6 −110.8
	−108.3 −107.5
	−101.3 −100.5
	−114.8 
	−108.3 

	Nationwide beam pfd (dB(W/(m2 · 1 MHz)))
	−123.5 −122.7
	−120.3 −119.5
	−117.0 −116.2
	−110.0 −109.2
	−123.5 
	−117.0 

	Case 2
	

	Service availability in a year by boosted beam
	99.7%
(Rain attenuation: 6.06.1 dB total attenuation: 8.99.0 dB)

	Antenna gain
(Fig. 26c)
	Boosted beam (–3 dB): 44.0 dBi
Nationwide beam (min.): 39.139.2 dBi i

	Total RF power (Fig. 27)
	39.4 W 41.8 W
	53.1 W 56.4 W
	84.9 W 89.4 W
	284.2 W 303 W
	183.3 W 
	811.2 W 

	e.i.r.p. nationwide
	54.9 dBW 65.4 dBW
	56.2 dBW 56.9 dBW
	58.2 dBW 58.7 dBW
	63.4 dBW 64.0 dBW
	61.5 dBW 
	68.0 dBW

	e.i.r.p. boosted beam(–3 dB)
	60.0 dBW 60.2 dBW
	61.3 dBW 61.5 dBW
	63.3 dBW 63.5 dBW
	68.5 dBW 67.8 dBW
	66.6 dBW
	73.1 dBW

	Peak pfd (dB(W/(m2 · 1 MHz)))
	−116.9 −115.9
	−113.7 −112.8
	−110.4 −109.5
	−103.3 −102.4
	−116.9 
	−110.4 

	Boosted beam pfd (dB(W/(m2 · 1 MHz)))
	−119.9 −118.9
	−116.7 −115.8
	−113.4 −112.5
	−106.3 −105.4
	−119.9 
	−113.4 

	Nationwide beam pfd (dB(W/(m2 · 1 MHz)))
	−125.0 −123.7
	−121.8 −120.6
	−118.5 −117.3
	−111.4 −110.2
	−125.0 
	−118.5 

	(1)	The required pfd overcomes attenuation including propagation losses due to clouds, gas and tropospheric scintillation.


[Following sections are no change up to end]
Y:\APP\BR\POOL\sg04\wp4a\Liaisons\R07-WP4A-100324-TD-0197!!MSW-E_NM_final.doc	16/04/2010	16/04/2010
Y:\APP\BR\POOL\sg04\wp4a\Liaisons\R07-WP4A-100324-TD-0197!!MSW-E_NM_final.doc	14.04.10	14.04.10
image2.wmf
2

÷

ø

ö

ç

è

æ

j

l

D


oleObject1.bin

image3.wmf
0025

.

0

1

G

G

D

max

m

-

l

=

j


oleObject2.bin

image4.wmf
D

r

l

=

j

95


oleObject3.bin

image5.wmf
0025

.

0

3

2

D

l

=


oleObject4.bin

image6.wmf
÷

÷

ø

ö

ç

ç

è

æ

j

j

-

j

0

0

19

.

0

25

.

0


oleObject5.bin

image7.wmf
0

1

0

j

-

j

j

-

j


oleObject6.bin

image8.wmf
1875

.

10

2

0

1

j

=

j


oleObject7.bin

image9.wmf

oleObject8.bin

image10.wmf

oleObject9.bin

image11.wmf

oleObject10.bin

image12.wmf

oleObject11.bin

image13.wmf

oleObject12.bin

image14.wmf

oleObject13.bin

image15.wmf

oleObject14.bin

image16.wmf

oleObject15.bin

image17.emf
Co-polar pattern (45 cm, H)
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Cross-polar pattern (45 cm, H)
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Co-polar pattern (45 cm, H)
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Cross-polar pattern (45 cm, H)

-60

-50

-40

-30

-20

-10

0

10

20

30

40

50

-180 -150 -120 -90 -60 -30 0 30 60 90 120 150 180

Off axis angle φ (degrees)

Gain (dBi)

Dia:    45 cm

Freq:  21.7GHz

Pol:  Horizontal

Plane: 0°

(Horizontal)


image21.emf
Co-polar pattern (45 cm, V)
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Cross-polar pattern (45 cm, V)
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Co-polar pattern (45 cm, V)
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Cross-polar pattern (45 cm, V)
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Co-polar pattern (45 cm, RHC)
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Cross-polar pattern (45 cm, RHC)
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Co-polar pattern (45 cm, RHC)
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Cross-polar pattern (45 cm, RHC)
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Co-polar pattern (60 cm, H)

-60

-50

-40

-30

-20

-10

0

10

20

30

40

50

-18 -15 -12 -9 -6 -3 0 3 6 9 12 15 18

Off axis angle φ (degrees)

Gain (dBi)

Dia:    60 cm

Freq:  21.7GHz

Pol:  Horizontal

Plane: 0°

(Horizontal)


image30.emf
Cross-polar pattern (60 cm, H)
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Co-polar pattern (60 cm, H)
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Cross-polar pattern (60 cm, H)
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Co-polar pattern (60 cm, V)
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Cross-polar pattern (60 cm, V)
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Co-polar pattern (60 cm, V)
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Cross-polar pattern (60 cm, V)
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Co-polar pattern (60 cm, RHC)

-60

-50

-40

-30

-20

-10

0

10

20

30

40

50

-18 -15 -12 -9 -6 -3 0 3 6 9 12 15 18

Off axis angle φ (degrees)

Gain (dBi)

Dia:    60 cm

Freq:  21.7GHz

Pol:  RHC

Plane: 0°

(Horizontal)


image38.emf
Cross-polar pattern (60 cm, RHC)
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Co-polar pattern (60 cm, RHC)
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Cross-polar pattern (60 cm, RHC)
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Co-polar pattern (120 cm, H)
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Cross-polar pattern (120 cm, H)
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Co-polar pattern (120 cm, H)
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Cross-polar pattern (120 cm, H)
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Co-polar pattern (120 cm, V)
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Cross-polar pattern (120 cm, V)
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Co-polar pattern (120 cm, V)

-60

-50

-40

-30

-20

-10

0

10

20

30

40

50

-180 -150 -120 -90 -60 -30 0 30 60 90 120 150 180

Off axis angle φ (degrees)

Gain (dBi)

Dia:    120 cm

Freq:  21.7GHz

Pol:  Vertical

Plane: 0°

(Horizontal)


image48.emf
Cross-polar pattern (120 cm, V)

-60

-50

-40

-30

-20

-10

0

10

20

30

40

50

-180 -150 -120 -90 -60 -30 0 30 60 90 120 150 180

Off axis angle φ (degrees)

Gain (dBi)

Dia:    120 cm

Freq:  21.7GHz

Pol:  Vertical

Plane: 0°

(Horizontal)


image49.emf
Co-polar pattern (120 cm, RHC)
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Cross-polar pattern (120 cm, RHC)
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Co-polar pattern (120 cm, RHC)
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Cross-polar pattern (120 cm, RHC)
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During the meeting of Working Party 4A in 

September 2009

, a wo

rking document towards a 

preliminary draft revision of Report ITU

-

R BO.2071 “System parameters of BSS between 

17.3

 

GHz and 42.5 GHz and associated feeder links” was further developed and reflected in 

Annex

 

12 to Document 4A/2

7

8

.

 

At its meeting held 

24 Marc

h 

-

 

1

 

April

 

20

1

0, Working Party 

4A

 

received 2

 

contribution

s 

(Document

s

 

4A

/337 and 4A/338

)

 

for further revision of the Report ITU

-

R BO.2071. 

 

Document 

4A

/337

 

proposed 

to reflect the results of latest studies on the Report.

 

–

 

Rain attenuation characteristics

 

are

 

reviewed 

in light with the updated rain attenuation 

model under Recommendation ITU

-

R P.618

-

9

.

 

Values, Figures and Tables are amended.

 

–

 

Examples of wide band application are added to Tables 12, 13 and 14 

“

Examples of 

21

 

GHz band BSS parameters utilizi

ng a locally

-

variable e.i.r.p. system

”

 

because some 

wide band applications such as EHRI (Extremely High Resolution Imagery)

 

and

 

3D TV 

will be expected for future television beyond HDTV

, 

as described in Resolution 525 

(Rev.

 

WRC

-

07)

.

 

Document 4A/338 proposed

 

some additional measurement of 

receiving earth station antenna pattern

 

in the band 21.4

-

22.0 GHz

 

for different sizes of antenna. 

 

The following 

A

ttachment to this document provides a “

P

reliminary draft revision of Report 

ITU

-

R 

BO.2071

” based on

 

Doc

uments

 

4A/

337, 4A/338

 

and

 

Annex 1

2 to Document

 

4A/278

. Members of 

Working Party 4A are invited to study the attached document

 

and

 

submit co

ntributions to the next 

meeting, including additional real mea

sured antenna patterns

 

in the band 21.4

-

22.0 GHz including 

ele

ctronic format according to Recommendation ITU

-

R S.1717, if possible

.
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Document

s
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Subject:

 

Questions ITU

-

R 21/6, ITU

-

R 22

-

1/6, ITU

-

R 104/6

,

 

WRC

-

12 Agenda item 1.13
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Document 4A/
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-

E
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Chairman’s Report

 

PRELIMINARY DRAFT RE

VISION OF REPORT ITU

-

R BO.2071

 

SYSTEM PARAMETERS OF

 

BS
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GH

z

 

AND 42.5 GH

z

 

AND ASSOCIATED FEEDE

R LINKS

 

