To Administrations of Administrations of Members States of the ITU�Subject:	Request for administrations to supply data on GSO/FSS links and BSS systems using the frequency bands covered by Appendices S30 and S30A

Reference:	Documents 4-9-11/TEMP/5(Rev.1) and 4-9-11/TEMP/10(Rev.1)

To the Director General

Dear Sir,



1	Data on GSO/FSS links

1.1	Introduction

Resolution 130 (WRC-97) introduced provisional power limits on non-GSO FSS systems in certain bands, and requested the ITU-R to conduct the appropriate technical, operational and regulatory studies to review the regulatory conditions relating to the coexistence of non�GSO and GSO systems in the FSS, in order to ensure that they do not pose undue constraints on the development of non-GSO and GSO systems. Joint Task Group 4-9-11 has been assigned the responsibility for reporting the results of those studies to the 1999 Conference Preparatory Meeting (CPM-99).

In performing the studies, it is clearly impracticable for the ITU-R to gather and analyse data on all existing and planned GSO FSS systems. Therefore, administrations are invited to provide relevant contributions.

1.2	Request for data

Administrations could use the parameters listed in Annex 1 to perform an initial assessment of the impact of interference from a non�GSO system into existing and planned GSO FSS links. The use of Annex 1 would facilitate the identification by Administrations of GSO FSS links which may be affected by non-GSO/FSS interference.

Should this initial assessment indicate that the interference effects require further analysis, Administrations are strongly urged to use more detailed characteristics of the GSO FSS links, including, if practicable, the parameters listed in Annex 2.

�Where this assessment indicates that the current provisional limits could have a significant impact on the performance of a GSO FSS link, administrations are requested to communicate to the ITU-R their technical analysis including the characteristics of the GSO FSS link. Administrations are strongly encouraged to provide as much information as possible: as a minimum the parameters of Annex 1, and preferably at least the parameters of Annex 2 should be supplied.

Annex 3 provides a spread sheet and associated formulas which may be used for calculation of link budgets taking into account the characteristics listed in Annex 2. In order to ensure consistency between the parameters that will be used for interference calculations, administrations are encouraged to use this spread sheet in developing the parameters they intend to provide under Annex 2. However, administrations may use instead alternative spread sheets in performing their link budget calculations. (An Excel version of Annexes 6 and 7 may be downloaded from http://web.itu.ch/itudoc/itu-r/cl/cr/92.)



2	Data on BSS systems using the frequency bands covered by Appendices S30 and S30A

2.1	Introduction

In considering the use of the frequency bands covered by Appendices S30 and S30A by non�geostationary satellite systems in the fixed-satellite service, WRC-97 added new provisional limits in terms of equivalent power flux-density (epfd) and aggregate power flux-density (apfd) to be applied to such systems. These limits appear in Article S22 of the Radio Regulations and in the Annex to Resolution 538 (WRC-97).

Resolution 538 (WRC-97) requests the ITU-R to conduct, as a matter of urgency and in time for consideration by WRC-99, the appropriate technical, operational and regulatory studies to review the regulatory provisions concerning the operation of non-GSO FSS systems in the frequency bands covered by Appendices S30 and S30A, in order to ensure that these conditions ensure appropriate protection of the Plans and their future modifications and do not place unreasonable constraints on the development of GSO systems in these bands. Joint Task Group 4-9-11 has been assigned the responsibility for reporting the results of those studies to the CPM-99.

2.2	Request for data

In order for the Joint Task Group to perform the studies needed, Administrations are encouraged to provide details of characteristics of BSS systems using the Plans as well as those being considered for future Plan modifications. The level of detail required is based on the requirement to provide enough information to enable the assessment of the impact on such system by any non-GSO FSS system, as well as the impact of multiple non-GSO FSS systems.

Annex 4 provides the list of the BSS system characteristics which might be needed in order  to evaluate the potential impact of non-GSO systems. Administrations are therefore invited to provide this information in relation to their planned BSS systems and associated BSS feeder links in these bands.

In providing this information, administrations may consider that the impact of the feeder link on the overall system can be accounted for in the downlink data provided. It is also understood that certain characteristics, such as the C/I caused by other services and systems sharing the band may be provided using the administration's best assessment of the expected level.

�Annex 5 provides the formulae associated to a spread sheet that may be used for the calculation of link budgets taking into account the characteristics listed in Annex 1. This spread sheet is available in Excel 5 and 95 format and can be downloaded from the following address: http://www.itu.int/itudocr/itu-r/sg4/docs/tg4-9-11, as Document 4�9�11/65 (see Annex 5). In order to ensure consistency between the parameters that will be used for interference calculations, administrations are encouraged to use this spread sheet in developing these parameters. Administrations may also use instead alternative spread sheets in performing their link budget calculations. Administrations are also invited to provide any additional information pertaining to their systems, that they may consider relevant to the studies referred to in § 2 above.



3	Submission of contributions

The ITU-R studies are to be completed in time for consideration by the WRC-99. However, in order to allow time for the completion and translation of the documentation for the CPM-99, the ITU-R studies must be completed by the end of October 1998. For this reason, Administrations are urged to submit the information requested in § 1.2 and § 2.2 as contributions to the July 1998 meeting of JTG 4-9-11. Contributions should preferably be submitted by the end of May 1998 in order to assist the JTG in the preparation for its July meeting. Administrations should note that the final date for contributions to that meeting is 25 June 1998.

Contributions in response to § 2.2 should also be sent to the Special Rapporteur Group �10-11S/SRG-2 (Mr. E. Reinhart, Tel.: +1 703 4489552; Fax: +1 703 4485920; e�mail: ereinhart@erols.com).

For any additional information on the matter, you may contact Mr. Jinxing Li (Counsellor Study Group 4, Radiocommunication Bureau, Tel.: +41 22 730 5990, Fax: +41 22 730 5806, �e-mail: jinxing.li@itu.int).



		Yours faithfully,





		Robert W. Jones

		Director,

		Radiocommunication Bureau

Annexes: 7

Distribution:

-	Administrations of Administrations of Members States of the ITU

-	Members of the Radio Regulations Board

�

ANNEX 1

List of parameters characterizing the GSO FSS link



Type of Link:	Transparent ("Bent Pipe") or Regenerative Repeater

fu:	(GHz)	Frequency of the Uplink

fd:	(GHz)	Frequency of the Downlink

Te:	(K)	Receiving System Noise Temperature of the Earth Station referred to the 	input of the earth station receiver (LNA (or LNB))

Ts:	(K)	Receiving System Noise Temperature of the Space Station referred to the 	input of the space station receiver

�symbol 103 \f "Symbol" \s 11�g�:	(dB)	Transmission Gain of a specific satellite link as defined in Appendix 29 of the 	Radio Regulations

T:	(K)	Equivalent Satellite Link Noise Temperature referred to the input of the earth 	station receiver including allowances for contributions from all internal and 	external (except non-GSO FSS) noise-like interference sources referred to the 	input of the earth station receiver (for the transparent link). In the case of a 	regenerative repeater, the uplink and the downlink, would similarly include 	respective allowances for contributions from internal and external sources and 	be treated separately.

Mcs:	(dB)	Required Minimum Clear Sky Margin� above the threshold carrier-to-noise� 	ratio which must be exceeded for all but p% of an average year.

p:	(%)	Percentage of time in an average year that the carrier-to-noise3 is below the 	threshold carrier-to-noise4 ratio.

Gs:	(dBi)	Maximum Antenna Gain of the Receiving GSO FSS Space Station

De:	(m)	Diameter of the Receiving GSO FSS Earth Station

Ge:	(dBi)	Maximum Antenna Gain of the Receiving GSO FSS Earth Station

X:	(dB)	The maximum allowable degradation to Mcs which must not be exceeded for 	more than p% of an average year.

�Annex 2

Template for the collection of detailed characteristics of GSO/FSS networks

Section 1 of this Annex provides a template for the collection of re-modulating satellite characteristics, while Section 2 provides a template for the collection of transparent satellite characteristics.

1	Template for transparent geostationary networks



GEOSTATIONARY NETWORK�Name of GSO��PERFORMANCE OBJECTIVES���Threshold #1 (N/A for not applicable): C/(N+I) (dB)���					 % of the year C/(N+I) should  be exceeded���Threshold #2 (N/A for not applicable): C/(N+I) (dB)���					 % of the year C/(N+I) should  be exceeded���Threshold #3 (N/A for not applicable): C/(N+I) (dB)���					 % of the year C/(N+I) should  be exceeded���WAVEFORM DESCRIPTION���Access type (TDMA, CDMA, FDMA,...)���Modulation type (e.g. FM, QPSK, BPSK)���Noise bandwidth per carrier (kHz)���TRANSMIT EARTH STATION CHARACTERISTICS���Altitude (km)���Latitude (+: North, -: South) from Equator (degrees)���Elevation angle (degrees)���Temperature at ground level (°C)���Relative humidity (%)���Rain model (ITU/Crane)���Rain zone (as per rain model )���Rain fall rate exceeded for 0.01% of an average year (mm/h) if available���On-axis Earth station transmit e.i.r.p. (dBW)���Antenna pointing loss towards the geostationary satellite (dB)���Inter modulation earth stations C/I (dB)���Power control range (>0, 0 dB if none) (dB)���Power control accuracy (applicable only if up link power control used) (dB)���Polarisation isolation (C/I of wanted to unwanted polarisation) (dB)���RECEIVE EARTH STATION CHARACTERISTICS���Altitude (km)���Latitude (+: North, -: South) from Equator (degrees)���Temperature at ground level (°C)���Relative humidity (%)���Elevation angle (degrees)���Rain zone (as per rain model)���Rain fall rate exceeded for 0.01% of an average year (mm/h) if available���Earth station receive noise temperature (K)���On-axis antenna gain (dBi)���Antenna  diameter(m)���Antenna pointing loss (dB)���Polarisation isolation (C/I of wanted to unwanted polarisation) (dB)����

SPACE STATION RECEIVE CHARACTERISTICS���Transponder bandwidth (MHz)���Receive frequency (GHz)���Receive polarisation (H: horizontal, V: Vertical, C: Circular)���Automatic level control range (0 if none) (dB)���Peak receive antenna gain (dBi)���Receive satellite antenna gain in the direction of transmit earth station (dBi)���Satellite receive temperature (K)���Receive cross-polarisation isolation (C/I ratio, 100 if not applicable) (dB)���Receive frequency re-use isolation (C/I ratio, 100 if not applicable) (dB)���Transponder total input back-off (dB)���SPACE STATION TRANSMIT CHARACTERISTICS���Transmit frequency (GHz)���Transmit polarisation (H: horizontal, V: Vertical, C: Circular)���Transponder total output back-off (dB)���Satellite e.i.r.p. in the direction of the receive earth station (dBW)���Transmit cross-polarisation isolation (C/I ratio, 100 if not applicable) (dB)���Transmit frequency re-use isolation (C/I ratio, 100 if not applicable) (dB)���Transparent/remodulating transponder���Satellite adjacent transponder isolation (dB)���Transponder inter modulation C/I(dB)���INTERFERENCE FROM OTHER GSO NETWORKS AND TERRESTRIAL SERVICES���Up link clear-sky C/I due to other geostationary networks (dB)���Up link clear-sky C/I due to sharing with fixed service (dB) (100 dB if no sharing)���Down link clear-sky C/I due to other geostationary networks (dB)���Down link clear-sky C/I due to sharing with fixed services (dB) (100 dB if no sharing)����2	Template for re-modulating geostationary network



GEOSTATIONARY NETWORK�Name of GSO��UP LINK PERFORMANCE OBJECTIVES���Threshold #1 (N/A for not applicable): C/(N+I) (dB)���					% of the year C/(N+I) should  be exceeded���Threshold #2 (N/A for not applicable): C/(N+I) (dB)���					% of the year C/(N+I) should  be exceeded���Threshold #3 (N/A for not applicable): C/(N+I) (dB)���					% of the year C/(N+I) should  be exceeded���UP LINK WAVEFORM DESCRIPTION���Variable coding rate (Yes or No) ���Access type (TDMA, CDMA, FDMA,...)���Modulation type (e.g. FM, QPSK, BPSK)���Noise bandwidth per carrier (kHz)���Repeater receive bandwidth (MHz)���DOWN LINK PERFORMANCE OBJECTIVES���Threshold #1 (N/A for not applicable): C/(N+I) (dB)���					% of the year C/(N+I) should  be exceeded���Threshold #2 (N/A for not applicable): C/(N+I) (dB)���					% of the year C/(N+I) should  be exceeded���Threshold #3 (N/A for not applicable): C/(N+I) (dB)���					% of the year C/(N+I) should  be exceeded���DOWN LINK WAVEFORM DESCRIPTION���Variable coding rate (Yes or No)���Access type (TDMA, CDMA, FDMA,...)���Modulation type (e.g. FM, QPSK, BPSK)���Noise bandwidth per carrier (kHz)���Repeater transmit bandwidth (MHz)���TRANSMIT EARTH STATION CHARACTERISTICS���Altitude (km)���Latitude (+: North, -: South) from Equator (degrees)���Elevation angle (degrees)���Temperature at ground level (°C)���Relative humidity (%)���Rain model (ITU/Crane)���Rain zone (as per rain model )���Rain fall rate exceeded for 0.01% of an average year (mm/h) if available���On-axis Earth station transmit e.i.r.p. (dBW)���Antenna pointing loss towards the geostationary satellite (dB)���Inter modulation earth stations C/I (dB)���Power control range (>0, 0 dB if none) (dB)���Power control accuracy (applicable only if up link power control used) (dB)���Polarisation isolation (C/I of wanted to unwanted polarisation) (dB)����

RECEIVE EARTH STATION CHARACTERISTICS���Altitude (km)���Latitude (+: North, -: South) from Equator (degrees)���Temperature at ground level (°C)���Relative humidity (%)���Elevation angle (degrees)���Rain zone (as per rain model)���Rain fall rate exceeded for 0.01% of an average year (mm/h) if available���Earth station receive noise temperature (K)���On-axis antenna gain (dBi)���Antenna  diameter(m)���Antenna pointing loss (dB)���Polarisation isolation (C/I of wanted to unwanted polarisation) (dB)���SPACE STATION RECEIVE CHARACTERISTICS���Receive frequency (GHz)���Receive polarisation (H: horizontal, V: Vertical, C: Circular)���Peak receive antenna gain (dBi)���Receive satellite antenna gain in the direction of transmit earth station (dBi)���Satellite receive temperature (K)���Receive cross-polarisation isolation (C/I ratio, 100 if not applicable) (dB)���Receive frequency re-use isolation (C/I ratio, 100 if not applicable) (dB)���SPACE STATION TRANSMIT CHARACTERISTICS���Transmit frequency (GHz)���Transmit polarisation (H: horizontal, V: Vertical, C: Circular)���Transponder total output back-off (dB)���Satellite e.i.r.p. in the direction of the receive earth station (dBW)���Transmit cross-polarisation isolation (C/I ratio, 100 if not applicable) (dB)���Transmit frequency re-use isolation (C/I ratio, 100 if not applicable) (dB)���Satellite adjacent transponder isolation (dB)���Transponder inter modulation C/I(dB)���INTERFERENCE FROM OTHER GSO NETWORKS AND TERRESTRIAL SERVICES���Up link clear-sky C/I due to other geostationary networks (dB)���Up link clear-sky C/I due to sharing with fixed service (dB) (100 dB if no sharing)���Down link clear-sky C/I due to other geostationary networks (dB)���Down link clear-sky C/I due to sharing with fixed services (dB) (100 dB if no sharing)���

�ANNEX 3

Spread sheet to compute the characteristics of a geostationary satellite network

1	Introduction

This Annex provides a spread sheet and the associated formulas for calculation of link budgets taking into account the characteristics listed in Annexes 1 and 2. In order to ensure consistency between the parameters that will be used for interference calculations, ITU-R Sector Members are encouraged to use this spread sheet in developing the parameters that they intend to provide under Annex 2.

In order to permit the implementation of the spread sheet example input characteristics are shown in this spread sheet but should not be understood as being as set of a representative characteristics of any geostationary network.

Section 2 applies to transparent geostationary satellites, while Section 3 applies to remodulating satellites.

Both spread sheet make are used with macro's for the computation of the rain attenuation as in Recommendation ITU�R 618 (see Section 4) or in the Crane model (see Section 5), while Section 6 deals with the macro implementation of the gaseous attenuation, following Recommendation ITU-R 676.

2	Spread sheet for transparent satellites

See Annex 6.

3	Spread sheet for remodulating satellites

See Annex 7.

4	Macro implementation of Recommendation ITU-R P.618

Function ITU_Rain(region, polarization, stat_height, stat_lat, freq, el_angle, availability)



'Inputs

'variable:format:Infor: range

'region:  String: rain region for site of interest: (A,B,C,D,E,E,F,G,H,J,K,L,M,N,P,Q)

'         range input  can also be in lower case - Note I, and O are not valid entries!

'polarization: String : wave:"V","H","C"

'stat_height: Number  : Station  height above mean sea level in km: 0 to ~ N

'stat_lat:Number: Absolute value of Latitude of earth station in deg: (0 - 81.3 degrees)

'freq : Number : Frequency in GHz: Range is 1 GHz to 399.999 GHz

'el_angle: Number: Earth Station antenna elevation angle in deg.  (0 - 90)

'availability: Number:Desired link availability: i.e., 99.5,  (min. value is 99., max 99.999)



�'Output/Return value is the attenuation in dB.



'Inputs range check

'Check availability (smallest allowed value will be 99., Max will be 99.999)



'If availability < 99# Then

 '   MsgBox "Value for availability is too low, min value is 99"

  '  Exit Function

'End If



'If availability > 99.99 Then

 '   MsgBox "Value for availability is too high , max value is 99.999"

  '  Exit Function

'End If



'Max, lat of 81.3 restricted given visibility limitations at ~0 elevation angles

'If stat_lat > 81.3  Then

 '   MsgBox "Sat. not visible from station.  Choose a lat between 0 and  81.3 deg."

  'Exit Function

'End If



'If el_angle < 0 Or el_angle > 90 Then

 '   MsgBox "Elevation angle is out of limits. Must be with 0 to 90 deg."

  '  Exit Function

'End If

    

'Max. freq. value slightly reduced to simplify arrays search Match command

If freq < 1 Or freq > 40 Then

    MsgBox "Frequency is out of limits. Range is 1 GHz to 40 GHz"

    Exit Function

End If



'Set up format of basic parameters used several times

' equivalent elevation angle in radians - Excel functions operate in radians

ele_rad = el_angle * Application.Pi / 180



'unavailability, (100 percent - given availability)

    unavailability = 100 - availability

        



'__________________________________________________________

'First Step of Algorithm is to calculate the Isotherm height for the rain : km

' i.e., height at which rain is at 0 deg C



Select Case stat_lat

    Case Is > 23 ' Northern Hemisphere

        rain_height = 5 - 0.075 * (stat_lat - 23)

    Case 0 To 23     ' Northern Hemi.

�        rain_height = 5

    Case -21 To 0    ' Southern Hemi.

         rain_height = 5

    Case -71 To -21 ' Southern Hemi.

         rain_height = 5 + 0.1 * (stat_lat + 21)

    Case -90 To -71  ' Southern Hemi.

         rain_height = 0

End Select



'Next determine the slant path length to isotherm, this is the Ls in the ITU Rec.

' Note the value of 8500 is the earth radius in km



    If el_angle >= 5 Then

        slant_path = (rain_height - stat_height) / Sin(ele_rad)

        Else

' very low elevation angles

        slant_path = 2 * (rain_height - stat_height) / (Sqr(Sin(ele_rad) ^ 2 _

            + 2 * (rain_height - stat_height) / 8500) + Sin(ele_rad))

    End If

        

'Determine horizontal proj. to ground of slant path length.  (this is the LG in the ITU REC)

    horz_slant_path = slant_path * Cos(ele_rad)

    



' Now determine the Rain Point intensity (mm/hr)for an exceedance of 0.01: R_one_hundreth

' select value for selected rain region

' only one of the .01  rates are  used (based on the rain region)

' Values taken from ITU-R, Rec. 837-1, 1994



    

    Select Case region

        Case "A", "a"

    R_one_hundreth = 8

        Case "B", "b"

    R_one_hundreth = 12

        Case "C", "c"

    R_one_hundreth = 15

        Case "D", "d"

    R_one_hundreth = 19

        Case "E", "e"

    R_one_hundreth = 22

        Case "F", "f"

    R_one_hundreth = 28

        Case "G", "g"

    R_one_hundreth = 30

        Case "H", "h"

    R_one_hundreth = 32

�        Case "J", "j"

    R_one_hundreth = 35

        Case "K", "k"

    R_one_hundreth = 42

        Case "L", "l"

    R_one_hundreth = 60

        Case "M", "m"

    R_one_hundreth = 63

        Case "N", "n"

    R_one_hundreth = 95

        Case "P", "p"

    R_one_hundreth = 145

        Case "Q", "q"

    R_one_hundreth = 115

        Case Else

            MsgBox "Invalid entry for rain region; range is  A to Q, except for I and O "

            Exit Function

    End Select



' correct R_one_hundreth value if above 100, only for path reduction calculation, for other calculations the value obtained from above is used



    If R_one_hundreth > 100 Then

        R_o = 100

        Else

        R_o = R_one_hundreth

    End If

    



' calculate the reduction factor for availability r.01



   L_o = 35 * Exp(-0.015 * R_o)

    

    'reduction factor for .01% of the time

    red_factor = 1 / (1 + (horz_slant_path / L_o))



' Now find the k and alpha factor per ITU-R  Rec.838



    'array of frequencies 1 to 400 GHz, used to specify an index value for k and alpha

    freq_array = Array(1, 2, 4, 6, 7, 8, 10, 12, 15, 20, 25, 30, 35, 40, 45, 50, 60, _

                          70, 80, 90, 100, 120, 150, 200, 300, 400)

    

    'the following are arrays of specific values for kh, kv, alphah, and alphav.

    'they are used for interpolating when calculating actual values k_H, k_V,

    'alpha_H, and alpha_V.

    kh = Array(0.0000387, 0.000154, 0.00065, 0.00175, 0.00301, 0.00454, 0.0101, _

            0.0188, 0.0367, 0.0751, 0.124, 0.187, 0.263, 0.35, 0.442, 0.536, 0.707, _

            0.851, 0.975, 1.06, 1.12, 1.18, 1.31, 1.45, 1.36, 1.32)

�                

    kv = Array(0.0000352, 0.000138, 0.000591, 0.00155, 0.00265, 0.00395, 0.00887, _

                0.0168, 0.0335, 0.0691, 0.113, 0.167, 0.233, 0.31, 0.393, 0.479, 0.642, _

               0.784, 0.906, 0.999, 1.06, 1.13, 1.27, 1.42, 1.35, 1.31)

    

    alphah = Array(0.912, 0.963, 1.121, 1.308, 1.332, 1.327, 1.276, _

             1.217, 1.154, 1.099, 1.061, 1.021, 0.979, 0.939, 0.903, 0.873, 0.826, _

             0.793, 0.769, 0.753, 0.743, 0.731, 0.71, 0.689, 0.688, 0.683)

    

    alphav = Array(0.88, 0.923, 1.075, 1.265, 1.312, 1.31, 1.264, _

             1.2, 1.128, 1.065, 1.03, 1, 0.963, 0.929, 0.897, 0.868, 0.824, _

              0.793, 0.769, 0.754, 0.744, 0.732, 0.711, 0.69, 0.689, 0.684)



   ' find index for frequency within the frequency array

    freq_index = Application.Match(freq, freq_array)

    freq1 = freq_index

    freq2 = freq_index + 1

    

' interpolate to find the values for k_H and K_V .: Log (K_x)vs LOG(freq)

    x1 = Application.Log10(freq_array(freq1))

    x2 = Application.Log10(freq_array(freq2))

    x3 = Application.Log10(freq)

    y1 = Application.Log10(kh(freq1))

    y2 = Application.Log10(kh(freq2))

 

    k_H = 10 ^ (y1 - (x3 - x1) * (y1 - y2) / (x2 - x1))

 

     

    y1 = Application.Log10(kv(freq1))

    y2 = Application.Log10(kv(freq2))

    

    k_v = 10 ^ (y1 - (x3 - x1) * (y1 - y2) / (x2 - x1))



'Interpolate to find the valued for alpha_H and alpha_V : Alpha_x vs log (freq)

    y1 = alphah(freq1)

    y2 = alphah(freq2)

    

    alpha_H = y1 - (x3 - x1) * (y1 - y2) / (x2 - x1)



    y1 = alphav(freq1)

    y2 = alphav(freq2)

    

    alpha_v = y1 - (x3 - x1) * (y1 - y2) / (x2 - x1)



'Determine tilt of wave based on polarization type, set polarization angle to radians

    Select Case polarization

        Case "C"

            tau = Application.Pi / 4

�            

        Case "V"

            tau = Application.Pi / 2

        

        Case "H"

            tau = 0

        

        Case Else

            MsgBox "Polarization types: circular, horizontal, or vertical"

    End Select

        

  'calculate the factor k

    k = (k_H + k_v + (k_H - k_v) * Cos(2 * tau) * (Cos(ele_rad) ^ 2)) / 2

   

 

    'calculate the factor alpha

    alpha = (k_H * alpha_H + k_v * alpha_v + (k_H * alpha_H - k_v * alpha_v) _

    * Cos(2 * tau) * (Cos(ele_rad) ^ 2)) / (2 * k)



     

'specific attenuation from frequency-dependent coefficients (dB/km)

    gamma_R = k * (R_one_hundreth) ^ alpha



'predicted attenuation exceeded for .01% of an average year

    A_one_hundreth = gamma_R * slant_path * red_factor

    

'estimated attenuation to be exceeded for other percentages of an average year

'in the range of .001% to 1%  is approximated by



    A_p = A_one_hundreth * 0.12 * unavailability ^ (-1 * (0.546 + _

                 0.043 * Application.Log10(unavailability)))

    

ITU_Rain = A_p



End Function

5	Macro implementation of the Crane model

' This function performs the Crane/Global rain attenuation model

' Implementation per the NASA Propagation Effects Handbook for Satellite Systems Design

' Dated  1989 (fourth edition) Section 6.3.2.1 page 6-23,

' "Prediction of Rain Attenuation" by R. Crane, IEEE Transactions on Communications

' Sep. 9, 1980, and updated tables from the ITU Propagations Rec-338 1994



Function CRANE(region, polarization, stat_height, stat_lat, freq, el_angle, availability)



�'Inputs

'variable:format:Infor: range

'region:  String: Crane rain region for site of interest: (A,B,B1,B2,C,D,D1,D2,D3,E,F,G,H)

'         range input  can also be in lower case

'polarization: String : wave:"V","H","C"

'stat_height: Number  : Station  height above mean sea level in km: 0 to ~ N

'stat_lat:Number: Absolute value of Latitude of earth station in deg: (0 - 81.3 degrees)

'freq : Number : Frequency in GHz: Range is 1 GHz to 399 GHz

'el_angle: Number: Earth Station antenna elevation angle in deg.  (0 - 90)

'availability: Number:Desired link availability: i.e., 99.5,  (min. value is 95.1, max 99.999)



'Output/Return value is the AVERAGE attenuation in dB.



'Inputs range check

'Check availability (smallest allowed value will be 95.01, Max will be 99.999)

'availability range was reduced slightly to simplify arrays search - Match command

'If availability < 95.01 Then

 '   MsgBox "Value for availability is too low, min value is 95.01"

  '  Exit Function

'End If



'If availability > 99.9989 Then

 '   MsgBox "Value for availability is too high , max value is 99.9989"

  '  Exit Function

'End If



'Max, lat of 81.3 restricted given visibility limitations at ~0 elevation angles

'If stat_lat > 81.3 Or stat_lat < 0 Then

 '   MsgBox "Sat. not visible from station.  Choose a lat between 0 and  81.3 deg."

  'Exit Function

'End If



'If el_angle < 0 Or el_angle > 90 Then

 '   MsgBox "Elevation angle is out of limits. Must be with 0 to 90 deg."

  '  Exit Function

'End If

    

'Max. freq. value slightly reduced to simplify arrays search Match command

If freq < 1 Or freq > 399.9 Then

    MsgBox "Frequency is out of limits. Range is 1 GHz to 399.9 GHz"

    Exit Function

End If



' equivalent elevation angle in radians - Excel functions operate in radians

ele_rad = el_angle * Application.Pi / 180



stat_lat = Abs(stat_lat)



�' Major Step 1, find the Rp (Point Rain Rate Distribution) or XPD

'_______________________________________________________



  unavailability = 100 - availability

    

  'Array of "unavailability" numbers which is used to specify an index

  'given the point rain rate

  

    unavl = Array(0.001, 0.002, 0.005, 0.01, 0.02, 0.05, 0.1, 0.2, 0.5, 1, 2, 5)

 

  'Selection of Point Rain Rate Distribution (Rp)  vs. Exceedance Prob.

  

  'first select appropriate array, then interpolate for desired value

  

  'select one possible array (named rates) based on CRANE Global rain region

  'see table 6.3-1 of NASA handbook

  

    Select Case region

        Case "A", "a"

            rates = Array(28.5, 21, 13.5, 10, 7, 4, 2.5, 1.5, 0.7, 0.4, 0.1, 0.03)

        Case "B", "b"

            rates = Array(57.5, 44, 28.5, 19.5, 13.5, 8, 5.2, 3.4, 1.9, 1.3, 0.7, 0.3)

        Case "B1", "b1"

            rates = Array(45, 34, 22, 15.5, 11, 6.4, 4.2, 2.8, 1.5, 1, 0.5, 0.2)

        Case "B2", "b2"

            rates = Array(70, 54, 35, 23.5, 16, 9.5, 6.1, 4, 2.3, 1.5, 0.8, 0.3)

        Case "C", "c"

            rates = Array(78, 62, 41, 28, 18, 11, 7.2, 4.8, 2.7, 1.8, 1.1, 0.5)

        Case "D1", "d1"

            rates = Array(90, 72, 50, 35.5, 24, 14.5, 9.8, 6.4, 3.6, 2.2, 1.2, 0.03)

        Case "D2", "d2", "D", "d"

            rates = Array(108, 89, 64.5, 49, 35, 22, 14.5, 9.5, 5.2, 3, 1.5, 0.3)

        Case "D3", "d3"

            rates = Array(126, 106, 80.5, 63, 48, 32, 22, 14.5, 7.8, 4.7, 1.9, 0.03)

        Case "E", "e"

            rates = Array(165, 144, 118, 98, 78, 52, 35, 21, 10.6, 6, 2.9, 0.5)

        Case "F", "f"

            rates = Array(66, 51, 34, 23, 15, 8.3, 5.2, 3.1, 1.4, 0.7, 0.2, 0.03)

        Case "G", "g"

            rates = Array(185, 157, 120.5, 94, 72, 47, 32, 21.8, 12.2, 8, 5, 1.8)

        Case "H", "h"

            rates = Array(253, 220.5, 178, 147, 119, 86.5, 64, 43.5, 22.5, 12, 5.2, 1.2)

        Case Else

            MsgBox "Invalid entry for rain region"

            Exit Function

    End Select

    

� 'Determine the indexes to be used for reading the rates array, depending on desired availability

 'Find the closest index for the value inside the unavailable array that is less than or equal to desired value

  

    u_index = Application.Match(unavailability, unavl)

    u1 = u_index

    u2 = u_index + 1

 

'Interpolate Log (Rp)  vs. log (unavailability)- if you plot this you will see that

'relationship is almost linear

   x1 = Application.Log10(unavl(u1))

   y1 = Application.Log10(rates(u1))

   x2 = Application.Log10(unavl(u2))

   y2 = Application.Log10(rates(u2))

   x3 = Application.Log10(unavailability)

    

'Now - Linear Interpolate for the value of Rp - given (x,y) pairs

 R_p = 10 ^ (y1 - (x3 - x1) * (y1 - y2) / (x2 - x1))



' Second major Step

'___________________________________________________

' Determine the Isotherm Height (0 deg. C)- height of frozen rain layer

' Dependent on Latitude, and unavailability -See figure 6.3-4 or NASA handbook



  'array of latitudes used in determining isotherm height

    lat_array = Array(0, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, _

         75, 80, 85)

     

 ' array of unavailability for isotherm height determination

    unavl2 = Array(0.001, 0.01, 0.1, 1, 5)

    u_index = Application.Match(unavailability, unavl2)

    u1 = u_index

    u2 = u_index + 1

    

  ' select appropriate set of two curves to interpolate in between them

    

    Select Case u_index

  ' input is between .001 and .01

        Case 1

              h_1 = Array(5.05, 5.1, 5.2, 5.2, 5.15, 5, 4.8, 4.45, 4, 3.6, 3.15, 2.65, _

              2.25, 1.8, 1.55, 1.3, 1.1)

    

              h_2 = Array(5.3, 5.35, 5.45, 5.5, 5.5, 5.45, 5.3, 5, 4.7, 4.4, 4, 3.6, _

              3.15, 2.75, 2.4, 1.9, 1.6)

 ' input is between .01 and .1

         Case 2

                h_1 = Array(4.85, 4.85, 4.85, 4.8, 4.75, 4.6, 4.25, 3.8, 3.25, 2.65, 2.2, _

                1.7, 1.3, 1, 0.75, 0.6, 0.5)

�     

                h_2 = Array(5.05, 5.1, 5.2, 5.2, 5.15, 5, 4.8, 4.45, 4, 3.6, 3.15, 2.65, _

              2.25, 1.8, 1.55, 1.3, 1.1)

 ' input is between .1 and 1

     Case 3

                h_1 = Array(4.6, 4.6, 4.55, 4.5, 4.4, 4.2, 3.8, 3.25, 2.5, 1.75, 1.2, _

                0.7, 0.4, 0.2, 0.1, 0.05, 0.001)

    

                h_2 = Array(4.85, 4.85, 4.85, 4.8, 4.75, 4.6, 4.25, 3.8, 3.25, 2.65, 2.2, _

                1.7, 1.3, 1, 0.75, 0.6, 0.5)

  ' input is between 1 and 5

    Case 4

                h_1 = Array(4.2, 4.2, 4.15, 4.1, 4, 3.8, 3.4, 2.8, 2.1, 1.35, 0.8, _

                0.3, 0.1, 0.05, 0.01, 0.01, 0.01)

    

                h_2 = Array(4.6, 4.6, 4.55, 4.5, 4.4, 4.2, 3.8, 3.2, 2.5, 1.75, 1.2, _

                0.7, 0.4, 0.2, 0.1, 0.05, 0.001)

    End Select

            

' find bracketing set of index within array for station latitudes

    

    lat_index = Application.Match(stat_lat, lat_array)

    lat1 = lat_index

    lat2 = lat_index + 1

    

 ' interpolate Height for selected latitude at available curve 1 of prob

 x1 = lat_array(lat1)

 x2 = lat_array(lat2)

 x3 = stat_lat



 y11 = h_1(lat1)

 y21 = h_1(lat2)

 y31 = y21 + (x2 - x3) * (y11 - y21) / (x2 - x1)

 ' interpolate for selected latitude at available curve 2 of prob

 y12 = h_2(lat1)

 y22 = h_2(lat2)

 y32 = y22 + (x2 - x3) * (y12 - y22) / (x2 - x1)

 

 'Now interpolate the Height at desired lat. - relationship is Height vs log (Prob)

 x1 = Application.Log10(unavl2(u1))

 x2 = Application.Log10(unavl2(u2))

 x3 = Application.Log10(unavailability)

 y2 = y31

 y1 = y32

 

 'interpolate for isotherm height in km :  y=a+b*log(x)

 H = y2 + (x2 - x3) * (y1 - y2) / (x2 - x1)

 

�'horizontal path projection length (km)

    If el_angle >= 10 Then

        D = (H - stat_height) / Tan(ele_rad)

        Else

     'Earth Radius

      E = 8500

      Ho = stat_height

      D = E * Application.Asin((Cos(ele_rad) / (H + E)) * (Sqr(((Ho + E) ^ 2) _

       * (Sin(ele_rad) ^ 2) + 2 * E * (H - Ho) + H ^ 2 - Ho ^ 2) - (Ho + E) * _

        Sin(ele_rad)))

    End If

       

    'if the value for D is larger than 22.5 km, scale out the outage percentage by

    '(D/22.5)and make D=22.5, if this is the case, need to find Rp again

    

    If D > 22.5 Then

        unavailability = unavailability * (D / 22.5)

        D = 22.5

        

        If unavailability >= 5 Then

            unavailability = 4.999

        End If

        

        u_index = Application.Match(unavailability, unavl)

        u1 = u_index

        u2 = u_index + 1

 

        'Log (Rp)  vs. log (unavailability)

        x1 = Application.Log10(unavl(u1))

        y1 = Application.Log10(rates(u1))

        x2 = Application.Log10(unavl(u2))

        y2 = Application.Log10(rates(u2))

        x3 = Application.Log10(unavailability)

        R_p = 10 ^ (y1 - (x3 - x1) * (y1 - y2) / (x2 - x1))

    

    End If

   

' Major Step 3: find Coefficients K and alpha as a function of frequency

'___________________________________________________________________

    'array of frequencies 1 to 400 GHz, used to specify an index value for KH,KV _

    ' and alphaH, AlphaV.  These values were taken from the updated ITU Rec.838 1994

    ' almost identical than what appears in NASA handbook

    

    

    freq_array = Array(1, 2, 4, 6, 7, 8, 10, 12, 15, 20, 25, 30, 35, 40, 45, _

        50, 60, 70, 80, 90, 100, 120, 150, 200, 300, 400)

        

�    'the following are arrays of specific values for kh, kv, alphah, and alphav.

    'they are used for interpolating when calculating actual values k_H, k_V,

    'alpha_H, and alpha_V.

   

   kh = Array(0.0000387, 0.000154, 0.00065, 0.00175, 0.00301, 0.00454, 0.0101, _

                0.0188, 0.0367, 0.0751, 0.124, 0.187, 0.263, 0.35, 0.442, 0.536, 0.707, _

                0.851, 0.975, 1.06, 1.12, 1.18, 1.31, 1.45, 1.36, 1.32)

                

    kv = Array(0.0000352, 0.000138, 0.000591, 0.00155, 0.00265, 0.00395, 0.00887, _

                0.0168, 0.0335, 0.0691, 0.113, 0.167, 0.233, 0.31, 0.393, 0.479, 0.642, _

                0.784, 0.906, 0.999, 1.06, 1.13, 1.27, 1.42, 1.35, 1.31)

    

    alphah = Array(0.912, 0.963, 1.121, 1.308, 1.332, 1.327, 1.276, _

                1.217, 1.154, 1.099, 1.061, 1.021, 0.979, 0.939, 0.903, 0.873, 0.826, _

                0.793, 0.769, 0.753, 0.743, 0.731, 0.71, 0.689, 0.688, 0.683)

    

    alphav = Array(0.88, 0.923, 1.075, 1.265, 1.312, 1.31, 1.264, _

                1.2, 1.128, 1.065, 1.03, 1, 0.963, 0.929, 0.897, 0.868, 0.824, _

                0.793, 0.769, 0.754, 0.744, 0.732, 0.711, 0.69, 0.689, 0.684)

   

   

  ' find index for frequency within the frequency array

    freq_index = Application.Match(freq, freq_array)

    freq1 = freq_index

    freq2 = freq_index + 1

    

' interpolate to find the values for k_H and K_V .: Log (K_x)vs LOG(freq)

    x1 = Application.Log10(freq_array(freq1))

    x2 = Application.Log10(freq_array(freq2))

    x3 = Application.Log10(freq)

    y1 = Application.Log10(kh(freq1))

    y2 = Application.Log10(kh(freq2))

 

    k_H = 10 ^ (y1 - (x3 - x1) * (y1 - y2) / (x2 - x1))

     

    y1 = Application.Log10(kv(freq1))

    y2 = Application.Log10(kv(freq2))

    

    k_v = 10 ^ (y1 - (x3 - x1) * (y1 - y2) / (x2 - x1))

     

'Interpolate to find the valued for alpha_H and alpha_V : Alpha_x vs log (freq)

    y1 = alphah(freq1)

    y2 = alphah(freq2)

    

    alpha_H = y1 - (x3 - x1) * (y1 - y2) / (x2 - x1)

    

    y1 = alphav(freq1)

    y2 = alphav(freq2)

�    alpha_v = y1 - (x3 - x1) * (y1 - y2) / (x2 - x1)

  

   'Determine tilt of wave based on polarization type, set polarization angle to radians

    Select Case polarization

        Case "C"

            tau = Application.Pi / 4

            

        Case "V"

            tau = Application.Pi / 2

        

        Case "H"

            tau = 0

        

        Case Else

            MsgBox "Polarization types: circular, horizontal, or vertical"

    End Select

        

    'calculate the factor k

    k = (k_H + k_v + (k_H - k_v) * Cos(2 * tau) * Cos(ele_rad) ^ 2) / 2

   

       

    'calculate the factor alpha

    alpha = (k_H * alpha_H + k_v * alpha_v + (k_H * alpha_H - k_v * alpha_v) _

    * Cos(2 * tau) * Cos(ele_rad) ^ 2) / (2 * k)

     

    'compute empirical constants for each percentage value

    x = 2.3 * R_p ^ -0.17

    y = 0.026 - 0.03 * Log(R_p)

' Note that the NASA handbook has a typo for Z  in section 6: it is correct in sec. 3

    Z = 3.8 - 0.6 * Log(R_p)

    u = (Log(x * Exp(y * Z))) / Z

       

   ' Major Step 4

   '____________________________________

   'Calculate Rain attenuation

 

         If D = 0 Or el_angle = 90 Then

              A = (H - stat_height) * (k * R_p ^ alpha)

              CRANE = A

              Exit Function

         End If

         

       p_mult = (k * R_p ^ alpha) / Cos(ele_rad)

         

         If D < Z Then

            A = p_mult * (Exp(u * alpha * D) - 1) / (u * alpha)

�            CRANE = A

            Exit Function

         End If

         

         If Z <= D Then

            A = p_mult * ((Exp(u * Z * alpha) - 1) / (u * alpha) - (Exp(y * Z * alpha) _

            * x ^ alpha) / (y * alpha) + (Exp(y * D * alpha) * x ^ alpha) / (y * alpha))

             

            CRANE = A

            Exit Function

       End If



End Function

6	Macro implementation of Recommendation ITU-R 676 for the computation of the gaseous attenuation

Function Gas_Att_ITU(freq, Temp_surf, Humidity, Ele, env)

'This function estimates the attenuation due to atmospheric gases per ITU rec. 676

' So far this routine works only for frequencies below 57 GHz

'Freq= Frequency in GHz

'Temp_surf = surface temperature in degrees C

'Relative Humidity at site (%)

'Ele = Elevation angle in degrees

'env = environment : Clear or Rain



'Saturated Partial pressure of water vapour

ps = 206.43 * Exp(0.0354 * ((9 * Temp_surf / 5) + 32))

Rho = (Humidity / 100) * ps / (0.461 * (Temp_surf + 273))





'Attenuation due to Oxygen for frequencies less than 57 GHz

Alpha_o = (0.00719 + (6.09 / (freq ^ 2 + 0.0227)) + (4.81 / ((freq - 57) ^ 2 + 1.5))) * (freq ^ 2 / 1000)

' need to code for frequencies >57  in the future - maybe





'Attenuation due to other Water vapour at frequencies less than 350 GHz

Alpha_w = (0.05 + 0.0021 * Rho + (3.6 / ((freq - 22.2) ^ 2 + 8.5)) + (10.6 / ((freq - 183.3) ^ 2 + 9)) + (8.9 / ((freq - 325.4) ^ 2 + 26.3))) * freq ^ 2 * Rho / 10000



' equivalent height for oxygen at freq < 57 GHz

Ho = 6

 

 ' equivalent height for water vapour -

 If env = "clear" Then

     hwo = 1.6

� End If

 

 If env = "rain" Then

    hwo = 2.1

 End If

  

hw = hwo * (1 + (3# / ((freq - 22.2) ^ 2 + 5)) + (5 / ((freq - 183.3) ^ 2 + 6)) + (2.5 / ((freq - 325.4) ^ 2 + 4)))

  

Att = (Alpha_o * Ho + Alpha_w * hw) / Sin(Application.Radians(Ele))

  

 If freq < 57 Then

     Gas_Att_ITU = Att

 Else

    Gas_Att_ITU = "error, Freq > 57 GHz"

 End If End Function

�ANNEX 4

GSO BSS systems and feeder link characteristics needed to evaluate the potential impact �of non-GSO FSS systems in the frequency bands �covered by Appendix S30 and S30A

1	System characteristics

Frequency (GHz)

Availability objective (% of the time)

Receiver Noise bandwidth (MHz)

Modulation type

C/I due to the other BSS networks in the Plan (dB)

C/I due to GSO FSS networks (dB)

Clear sky feeder link C/(N+I) (dB)

C/N+I required at operating threshold (dB)

Clear sky and 99.7% of time margin above operating threshold (dB)

2	Characteristics of the space station

Longitude (°)

Satellite e.i.r.p. in the direction of the earth station considered (dBW)

3	Characteristics of the receive earth station

(Geographical and climatic information should be provided for a number of representative receive earth stations and locations within each beam, in order to fully characterize the interference impact of the non-GSO system)

Antenna diameter (cm)

On-axis antenna gain at antenna output (dBi)

Off-axis antenna gain characteristics (dBi as a function of off-axis angle °)

Maximum pointing loss (dB)

Clear sky receive system noise temperature at antenna output (K)

Latitude (° ')

Longitude (° ')

Altitude (m)

Rain climatic zone

Elevation angle 

Rain attenuation for 99.7% of the time (dB)

Rain attenuation for the percentage of time corresponding to the availability objective (dB)

�4	Feeder link earth station characteristics1 

Minimum feeder link e.i.r.p.

Maximum uplink power control

Latitude (°)

Longitude (°)

Altitude (m)

Rain climatic zone

Elevation angle

Rain attenuation for 99.97% of the time (dB)

Rain attenuation for the percentage of time corresponding to the availability objective (dB)

5	Characteristics of the space station receiver

Frequency Band

Satellite receive noise temperature

Satellite receive antenna gain in the direction of feeder link station

Automatic Gain Control range

C/I from other assignments in the Plan

C/I from other GSO FSS systems



�annex 5 (english only)

BSS reference link budgets

� EMBED Excel.Sheet.5  ���

annex 6 (english only)

Spread sheet for transparent satellites

� EMBED Excel.Sheet.5  ���

annex 7 (English only)

Spread sheet for remodulating satellites

� EMBED Excel.Sheet.5  ���



_________________

�	Assumes that the transmitting and receiving earth stations and the transmitting and receiving spacecraft antenna(s) are all at their maximum respective pointing errors.  The transmitting earth station is transmitting at the minimum power level in its specified range of variability from the nominal set transmitter power level.  No margin for Satellite End-Of-Life (EOL) is included.

� 3, 4	Equivalent Satellite Link Noise.

1  This data is optional if the Administration considers that the impact of the feeder link is adequatedly accounted for by the downlink clear sky feeder link C/(N+I) provided in Section 1.
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