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	Preliminary DRAFT REVISION of RECOMMENDATION ITU-R BO.1776

	Reference power flux-density for the broadcasting-satellite service
in the band 21.4-22 GHz in Regions 1 and 3


Working Party 4A discussed at its March-April 2010 meeting three contributions (Documents 4A/309, 4A/335 and 4A/359) proposing revisions to Recommendation ITU‑R BO.1776 “Reference power flux-density for the broadcasting-satellite service in the band 21.4‑22 GHz in Regions 1 and 3”.
Based on the above proposals, the existing document, Annex 1 to Document 4A/278, was revised as shown in the Attachment to this document.

According to the scope of this Recommendation, such a reference power flux-density should be used for sharing studies for BSS in 21.4-22.0 GHz band in Regions 1 and 3. Some administrations expressed their concerns about the use of a unique pfd value for all sharing scenarios:

−
impact of interference into a BSS receiver from other BSS satellite systems;

−
impact of interference into a BSS receiver from other services;

−
interference impact of a BSS satellite system towards other services.

Some administrations believe that a clarification on the term “reference power flux-density” is needed. Members of Working Party 4A are invited to review the PDRR taking into account the paragraph above and submit contributions to the next meeting.
Summary of the proposed revision

In the initial version of Recommendation ITU-R BO.1776, NOTE 2 in recommends stated that the reference pfd at the Earth’s surface indicated in the Recommendation was only applicable for countries subject to high rain attenuation. In correlation with the revision of Recommendation ITU‑R BO.1659, a recommends 2 was included in order to address countries not subject to high rain attenuation and Tables 1a and 1b were updated accordingly. In addition, several considerings were updated in order to take into account the WRC-07 decisions. Finally, a new Annex 2 was added to help Administrations on the calculation of the total link attenuation.

Attachment: 1
Attachment

Preliminary DRAFT Revision of RECOMMENDATION ITU-R BO.1776

Reference power flux-density for the broadcasting-satellite service
in the band 21.4-22 GHz in Regions 1 and 3

(
WRC-12 Agenda item 1.13)

(2006-2010)

Scope
This Recommendation addresses the reference BSS power flux-density (pfd) at the Earth’s surface to be used in studies on sharing for the BSS in the band 21.4-22.0 GHz in Regions 1 and 3.
The ITU Radiocommunication Assembly,

considering

a)
that the BSS systems in the 21.4-22.0 GHz band have the possibility to deliver wide RF band signals, however high e.i.r.p. of the space station (i.e. high pfd at the receiving earth station) is needed to compensate for large rain attenuation;
b)
that service availability of the BSS in the band 21.4-22.0 GHz in Regions 1 and 3 should be aimed at a high percentage to progress, to the maximum extent, towards more reliable high definition television (HDTV) broadcasting services;


c)
that Recommendation ITU‑R BO.1659 shows that high service availabilities of more than 99% over the year are expected in Regions 1 and 3 by emitting a pfd value equal to ‑105 dB(W/(m2 · 1 MHz)) for areas with high rain rates as required pfd to compensate for rain attenuation in the band 21.4-22.0 GHz;
d)
that Recommendation ITU‑R BO.1659 also shows that high service availabilities of more than 99% over the year are expected in Region 1 by emitting a pfd value lower than −105 dB(W/(m2 · 1 MHz)) for areas with low rain rates as required pfd to compensate for rain attenuation in the band 21.4‑22.0 GHz;
e)
that satellite link performance is directly dependent on not only pfd at the receiving earth station but also, inter alia, figure of merit of receiving earth station;
f)
that rain attenuation is dependent on not only rainfall rate but also, inter alia, elevation angle, altitude and latitude of the earth station;
g)
that required service availability of each BSS system is dependent on the operational requirements;
h)
that end to end link availability from the feeder link Earth station to the receiving earth station depends on the parameters of the uplink including, in particular frequency, geographic location of the feeder link earth station and whether or not any rain fade mitigation techniques are employed in the uplink, 
recommends

1
that, in order to compensate for high total link attenuation due to atmospheric effects calculated for high annual service availability , –105 dB(W/(m2 · 1 MHz)) in clear sky condition should be considered as the reference pfd at the Earth’s surface to be used in studies on sharing for the BSS in the band 21.4‑22.0 GHz in Regions 1 and 3;
2
that, otherwise a pfd value lower than −105 dB(W/(m2 · 1 MHz)) such as −115 or −120 dB(W/(m2 · 1 MHz)) in clear sky condition should be considered as the reference pfd at the Earth’s surface to be used in studies on sharing for the BSS in the band 21.4‑22.0 GHz in Regions 1 and 3 . 
Editor’s note: There is a need to add a recommends to reflect the new considering h).

NOTE 1 – Annex 1 gives the attainable annual service availability and total link attenuation in some example cities in Regions 3 and 1, assuming −105 dB(W/(m2 · 1 MHz)) and 
−115 dB(W/(m2 · 1 MHz)), respectively, as the pfd produced at the Earth’s surface by the BSS space station in the band 21.4‑22.0 GHz.

NOTE 2 – Total link attenuation above includes attenuation due to rain and clouds, scintillation, and gaseous attenuation due to water vapour and oxygen. A general method for calculating total link attenuation is given in Recommendation ITU-R P.618.
NOTE 3 – A calculation example for total link attenuation with −105 dB(W/(m2 · 1 MHz)) and 
−115 dB(W/(m2 · 1 MHz)), as the pfd produced at the Earth’s surface by the BSS space station in the band 21.4‑22.0 GHz, is shown in Annex 2.
Annex 1

Attainable annual service availability and total link attenuation in some example cities in Regions 3 and 1, assuming −105 dB(W/(m2 · 1 MHz)) and −115 dB(W/(m2 · 1 MHz)), respectively, as the pfd produced at the Earth’s surface by the BSS space station in the band 21.4-22.0 GHz

Tables 1a and 1b show examples of attainable annual service availability and total link attenuation (in brackets) in some cities in Regions 3 and 1 when applying −105 dB(W/(m2 · 1 MHz)) and −115 dB(W/(m2 · 1 MHz)), respectively, as the pfd produced at the Earth’s surface by the BSS space station in the band 21.4-22.0 GHz, which are extracted from Recommendation ITU‑R BO.1659. DVB-S, DVB-S2 and ISDB-S signal with modulation schemes of QPSK, 8‑PSK are assumed. The required C/N for each modulation scheme is 5.6 dB, 7.5 dB and 10.7 dB, respectively, including a hardware implementation margin and satellite hardware loss margin, with reference to the Nyquist noise bandwidth. A receiving antenna diameter of 45 cm was assumed. From these Tables, it can be confirmed that annual service availability can be attained for these cities in the range of between 99.67 and 99.99%. 

However, it should be noted that since in an actual broadcasting satellite system, it is desirable that the pfd value be designed with an appropriate link margin, the actual attainable annual service availability may be less than those in Tables 1a and 1b.
TABLE 1a
Annual service availability and total link attenuation of 21 GHz band BSS
downlink in some example cities in Region 3
	
	Tokyo
	Seoul
	Bangkok
	Wellington

	Elevation angle (degrees)
	38.0
	44.9
	73.5
	42.3

	Rainfall rate for 0.01% of the year (mm/h)
	48.0
	50.6
	87.1
	41.7

	pfd (dB(W/(m2 · 1 MHz))
	–105.0
	–105.0
	–105.0
	–105.0

	Overall C/N
	5.6 dB
	99.98% (21.9 dB)
	99.98% (22.1 dB)
	99.88% (21.8 dB)
	99.99% (21.1 dB)

	
	7.5 dB
	99.97% (20.0 dB)
	99.97% (20.2 dB)
	99.85% (19.8 dB)
	99.99% (19.1 dB)

	
	10.7 dB
	99.95% (16.7 dB)
	99.95% (17.0 dB)
	99.78% (16.6 dB)
	99.99% (15.9 dB)


NOTE – The locations presented in Table 1a give only examples of the service availability and total link attenuation in Region 3. 
TABLE 1b
Annual service availability and total link attenuation of 21 GHz band BSS downlink
in some example cities in Region 1
	
	Moscow
	Paris
	Istanbul
	Pretoria

	Elevation angle (degrees)
	26.5
	33.2
	40.7
	59.9

	Rainfall rate for 0.01% of the year (mm/h)
	31.7
	31.8
	38.9
	53.2

	pfd (dB(W/(m2 · 1 MHz))
	–115.0
	–115.0
	–115.0
	–115.0

	Overall C/N
	5.6 dB
	99.96% (12.2 dB)
	99.97% (12.1 dB)
	99.96%(12.3 dB)
	99.87% (11.3 dB)

	
	7.5 dB
	99.95% (10.4 dB)
	99.96% (10.3 dB)
	99.94% (10.5 dB)
	99.84% (9.5 dB)

	
	10.7 dB
	99.89% (7.4 dB)
	99.90% (7.3 dB)
	99.88% (7.5 dB)
	99.67% (6.6 dB)


NOTE – The locations presented in Table 1b give only examples of the service availability and total link attenuation in Region 1.



	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	
	

	
	
	
	
	


Annex 2

A calculation example of total link attenuation with −105 dB(W/(m2 · 1 MHz)) and −115 dB(W/(m2 · 1 MHz)) as the pfd produced at the Earth’s surface
by the BSS space station in the band 21.4-22.0 GHz
In order to calculate available total link attenuation with two different pfd values, −105 dB(W/(m2 · 1 MHz)) and −115 dB(W/(m2 · 1 MHz)), the following conditions are assumed:
–
Required overall C/N values: 7.5 dB and 10.7 dB.
–
Channel bandwidth: 54.2 MHz.
–
Antenna diameter (gain) of receiving earth station: 0.45 m (38.64 dBi).
–
Antenna pointing loss: 0.5 dB.
–
Receiving earth station noise temperature: 119.64 K.
–
A method for calculating sky noise temperature is given in Recommendation ITU‑R P.618.
–
Table 2 shows an example link budget to calculate the total link attenuation values.
–
Figure 1 shows relationship between total link attenuation and overall C/N for given pfd.
TABLE 2

Example of link budget for calculating total link attenuation

	Pfd at Earth’s surface (dB(W/(m2 · 1 MHz)))
	−105.00
	−105.00
	−115.00
	−115.00

	Required overall C/N (dB)
	7.50
	10.70
	7.50
	10.70

	Distance between space station and earth station (km)
	37 500
	37 500
	37 500
	37 500

	Spreading loss (dB)
	162.47
	162.47
	162.47
	162.47

	Channel bandwidth (MHz)
	54.20
	54.20
	54.20
	54.20

	Downlink e.i.r.p. (dBW)
	74.81
	74.81
	64.81
	64.81

	Carrier frequency (GHz)
	21.70
	21.70
	21.70
	21.70

	Free space loss (dB)
	210.65
	210.65
	210.65
	210.65

	Total link attenuation (dB)
	20.10
	16.90
	10.40
	7.40

	Receiving earth station antenna gain (dBi)
	38.64
	38.64
	38.64
	38.64

	Antenna pointing loss (dB)
	0.50
	0.50
	0.50
	0.50

	Receive carrier power (dBW)
	−117.80
	−114.60
	−118.10
	−115.10

	Receive noise figure (dB)
	1.50
	1.50
	1.50
	1.50

	Receive noise temperature (K)
	119.64
	119.64
	119.64
	119.64

	Sky-noise temperature (K)
	257.46
	254.69
	236.29
	212.69

	Total noise temperature (K)
	377.10
	374.33
	355.92
	332.32

	Noise Power (dBW)
	−125.50
	−125.53
	−125.75
	−126.04

	Downlink C/N (dB)
	7.70
	10.93
	7.65
	10.95

	Uplink C/N (dB) (assumed)
	24.00
	24.00
	24.00
	24.00

	Total link C/N (dB)
	7.60
	10.72
	7.55
	10.74


It is shown in the above Table 2 that when pfd at Earth’s space is −105.0 dB(W/(m2 · 1 MHz)), total link C/N of 7.6 dB and 10.72 dB is achievable with total link attenuation of 20.1 dB and 16.9 dB, respectively. And when pfd at Earth’s space is −115.0 dB(W/(m2 · 1 MHz)), total link C/N of 7.55 dB and 10.74 dB is achievable with total link attenuation of 10.4 dB and 7.4 dB, respectively.
FIGURE 1
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