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(WRC-03 agenda item 1.31)

1.0  Introduction.  The ITU-R has considered, since WRC-2000, various studies on the feasibility of sharing the band 1683-1690 MHz between the Meteorological Satellite Service (MetSat) GVAR and S-VISSR earth stations and Mobile Satellite Service (MSS) mobile earth stations (MES).  Four of the studies presented to Working Parties 7C and 8D indicate that separation distances on the order of one to several hundred kilometers are required to protect the MetSat earth stations from interference from the MSS MES.  One additional study presented to Working Party 8D indicated that the separation distances could be less than 1 km.  That study was found by the ITU-R to contain some errors in the assumptions applied to the propagation model and used somewhat different assumptions on the MSS deployment that led to the very small separation distances.

Working Party 8D at its last meeting, noting the differences in assumed MSS characteristics used in the studies, developed an agreed set of MSS and MetSat characteristics for use in future studies relating to Resolution 227.  These characteristics were also forwarded to Working Party 7C for use in their work on Resolution 227.  This document presents an analysis of sharing between the MetSat earth stations and the MSS MES using the characteristics developed by Working Party 8D.  Due to the limited time available to complete this document prior to the Working Party 7C meeting, not all possible sharing combinations of the MSS and MetSat characteristics were analyzed.  A more complete version of this analysis will be submitted to the May 2002 meeting of Working Party 8D.

2.0  System Characteristics for Analysis.  Working Party 8D developed an agreed set of system characteristics for conducting further studies for Resolution 227 (WRC-2003 Agenda Item 1.31).  These characteristics are provided in Table 1 and were used for the analysis in this document.  The characteristics were selected by WP 8D to provide guidance for analyzing a favorable and unfavorable sharing case, while avoiding the extreme best and worst cases.  In addition, a typical sharing case was also provided.

Table 1- Recommended Range of System Parameters to be Used in Sharing Studies Between the Meteorological Satellite Service and the Mobile Satellite Service for the
Band 1 683-1 690 MHz
  (source: 7C/139)


Favorable 
sharing case
Typical sharing case
Unfavorable sharing case
Units

MSS characteristics





Maximum EIRP per channel
3.5
17
10.9
dBW

Maximum antenna gain
n.s.
10
n.s.
dBi

Channel data rate
23.4
5.6
4.5
kbits

Allocated bandwidth (channel spacing)
31.24
12.5
6
kHz

Average antenna gain towards horizon
0
0
0
dBi

Average EIRP towards horizon
3.5
7
6.9
dBW

Average EIRP density towards horizon
(5.4
2.1
5.1
dBW/4 kHz

Antenna height of MES above ground level
2
2
10
m

Average obstacle height in vicinity of MES
90
50
10
m

Distance of obstacle to MES 
10
10
5
km

Satellite beamwidth
0.7
2.5
2
deg.

Percentage of transmitting MES
60
75
90
%

Polarization discrimination
3
3
3
dB







MetSat characteristics for main stations





Antenna diameter
15
15
15
m

Antenna centre height above ground level
15
20
25
m

Minimum antenna elevation angle
20
15
10
deg.

Permissible long term interference level (20%)
(182
(182
(182
dBW/4 kHz

Permissible short term interference level
(178
(178
(178
dBW/4 kHz

Percentage of time for short term interference2
0.011
0.011
0.011
%

Receiver bandwidth
5200
5200
30
kHz

Obstacle height in vicinity of main station
200
150
25
m

Distance of obstacle to main station 
10
10
10
km

Typical radio climatic zone for main station
A2
A2
A1








MetSat characteristics for user stations





Antenna diameter
3.6
3.6
3.6
m

Antenna centre height above ground level
5
25
50
m

Minimum antenna elevation angle
20
15
5
deg.

Table 1 Continued

Permissible long term interference level
(180
(180
(180
dBW/4 kHz

Permissible short term interference level
(175.3
(175.3
(175.3
dBW/4 kHz

Percentage of time for interference
0.025
0.025
0.025
%

Receiver bandwidth
6 000
4 200
4 200
kHz

Obstacle height in vicinity of user station
50
25
0
m

Distance of obstacle to user station 
10
10
n.a.
km

Typical radio climatic zone for user station
A2
A1
A1


(abbreviations: n.s.: not specified - n.a.: not applicable)

3.0  Analysis Methodology.  Previous studies have primarily looked at the effect of one or a few MES transmissions on the operation of a GVAR or S-VISSR station.  A thorough analysis should consider a realistic density of MES distributed randomly around a MetSat earth station.  The approach of the analysis presented in this document was to simulate a random distribution of MES around the MetSat earth station at a density appropriate for the channel spacing, spectrum available, and spot beam foot print size.  The length of the call time was also randomly varied and when the call on one MES was terminated, the simulation would randomly place another MES within the service area and a new call would be placed.  

Ducting is one of the propagation mechanisms that should be considered. However, the characteristics of ducting and the geometry of the MES distribution would lead to only one or possibly a few MES contributing to interference via ducting.  The analysis of a large number of MESs did not include ducting as part of the propagation model.  The ducting methodology is handled in a separate portion of the analysis and the methodology is discussed under section 3.3.

3.1  MES Distribution (excluding ducting).  This document presents the results of an analysis where, based on system parameters, a number of operating MESs are considered.  Therefore, the MES distribution and density must be calculated for each of the sharing cases.  The first step in the analysis is to determine the size of the spot beam projected on the Earth’s surface.  For simplicity, it will be assumed that the spot beam centerline is perpendicular to the Earth’s surface and the surface area within the spot beam is approximately flat.  Adjacent spot beams will overlap.  To further simplify the analysis, the area of each spot beam will be converted to a square.  This can be done since either spot beam can service an MES within the overlap area (refer to Figure 1).  For the MES density calculation, the overlap areas may be divided evenly between the overlapping beams.


[image: image1.wmf]
Figure 1- Conversion of circular spot beams to effectively equal square areas. 

The effective square size of each spot beam can then be calculated:

d = {(h*Tan((/2))2 + (h*Tan((/2))2 }½

where,


d = size of one side of the square representing the effective area of a spot beam (km)


h = geostationary orbit altitude (km)


( = spot beam width (degrees).

Table 2-  Effective Square Area of Spot Beams on Earth’s Surface for Cases Listed in Table 1

Sharing Case
Spot Beam Width (degrees)
Effective Area

(km2)

Favourable Case
0.7
95481

Typical Case
2.5
1219463

Unfavourable Case
2.0
780367

The next step is to determine the MES density within the service area under consideration (analysis area).  Since the spotbeams are smaller or nearly equal to the exclusion zone sizes, the required analysis area is larger than the spot beam footprints.  All three sharing cases defined in Table 1 provide the receive antenna beamwidth (satellite beamwidth), the channel spacing (allocated bandwidth) and the system loading factor (percentage of transmitting MES).  From these values the transmitting MES density can be calculated.  The transmitting MES density can then be used to determine the number of transmitting MES within a chosen analysis area.

The maximum number of available channels for MES that can be co-channel with the MetSat station is calculated by dividing the channel spacing into the MetSat Station bandwidth.  Since channels cannot be easily reused between adjacent spot beams, the assumption was made that spot beams reusing channels must be separated by at least one spot beam (refer to figure 2).  This will require at least four channel sets to avoid interference between spot beams.  Analysis was also conducted using a frequency reuse factor of 7.


[image: image2.wmf]
Figure 2-  Frequency reuse between spot beams (frequency reuse factor = 4).

One further consideration is that each sharing case has a load factor specified.  Therefore, the total number of available channels per spot beam should be reduced by the load factor to provide the actual number of MES operating at any time within a spot beam.

The number of operating MESs using frequencies within a single spot beam can be calculated from:

n = 1/F (BWmetsat/Smes) * L

where,

F = Frequency reuse factor (4 or 7)

n = Number of transmitting MESs per spot beam

BWmetsat = Bandwidth of the MetSat receiver

Smes = MES channel spacing

L = MSS system load factor.
The transmitting MES density is the calculated by dividing the number of transmitting MES per spot beam by the spot beam area:

D = n/A

where,

D = Transmitting MES density (MES/km2)

n = Number of transmitting MES per spot beam

A = Area of spot beam (effective square) (km2).

Table 3-  Transmitting MES Density for Cases Listed in Table 1

Sharing Case
Number of Transmitting MES, n
Transmitting MES Density, D (MES/km2)

Favourable Case       (for Freq Reuse Factor of 4)
29
3.037x10-4

                                  (for Freq Reuse Factor of 7)
16
1.780x10-4

Typical Case             (for Freq Reuse Factor of 4)
63
5.166x10-5

                                   (for Freq Reuse Factor of 7)
36
2.952x10-5

Unfavourable Case    (for Freq Reuse Factor of 4)
158
2.024x10-4

                                   (for Freq Reuse Factor of 7)
90
1.157x10-4

In order to model the effects of a number of MES around a MetSat station, an analysis area must be established that is sufficiently large to encompass all the MES locations that could contribute to interference.  For this analysis, an area of approximately 500 x 500km was selected.  To simplify entry of coordinates, the actual area used was 515 x 550 km (283250 km2).  Using the density data from Table 3, the number of transmitting MES within the analysis area can be determined for each sharing case.  Table 4 presents the number (N) of MESs that would be operating, if evenly distributed, within the 515 x 550 km analysis area.

Table 4-  Transmitting MES for Each Sharing Case Within a 515 km x 550 km Area

Sharing Case
Number of Transmitting MES, N


Freq Reuse =4
Freq Reuse = 7

Favourable Case
87
51

Typical Case
15
9

Unfavourable Case
58
33

3.2 Simulation Methodology (excluding ducting).  An accurate analysis should consider the aggregate interference a network of MESs will generate into a MetSat Earth station.  This analysis modeled the operation of the MESs within the 515 x 550 km analysis area as realistically as possible.  The model was configured to randomly place the number of MESs identified in Table 4 around the MetSat station within the analysis area.  The length of each MES connection to the satellite (call) was a random value between 5 seconds and 10 minutes.  At the end of each call, it was assumed that that MES did not transmit and a new MES would place a call from somewhere else within the analysis area.  Effectively the MES that finished its call disappeared from its location and a new MES appeared at a new random location.  The MESs that fell within the established exclusion zone remained stationary for the assigned period of time of their call, but they were prevented from transmitting.  The propagation model contained in ITU-R Recommendation P.452 was used for the calculation of interference for each MES-to-MetSat station link with the parameters identified in Table 1.  At each simulation step the program calculated the interference level for each MES to MetSat station interference link and summed the cumulative interference value to the MetSat station from all MESs.  Over the period of the simulation, the percentage of time the aggregate interference exceeded the MetSat criteria was recorded.


[image: image3.wmf]
Figure 3-  Flow Chart of Simulation Methodology.

3.3  Consideration of Ducting in Unfavorable Sharing Case.  Section 3.0 briefly discussed the assumption that a large number of MESs distributed around a MetSat Earth station would not contribute to interference via ducting.  Ducting typically occurs along a specific path where the interference source and the interference victim must fall within relatively small areas.  Therefore, the probability is small that a number MESs greater than one will fall within the necessary area to create a duct to the MetSat ground station.  Consideration of ducting was conducted using a single MES.  Much like the methodology described for the multiple MES case in section 3.1, the single MES location and call length is randomly varied.  The analysis area was increased to approximately 1200 x 1200 km since the much larger separation distances would exceed the limits of the analysis area used in section 3.2 and 3.3.  The simulation was run, monitoring the amount of time that ducting causes interference to the MES.    

4.0  Simulation Results.  Both a favorable sharing case (MES and MetSat both in favorable conditions) and an unfavorable sharing case (MES and MetSat both in unfavorable conditions) were considered.  Table 5 lists the percentage of time that the aggregate interference from MESs exceed the MetSat criteria of –175.3 dBW/4 kHz for a range of exclusion zone radii.  Graphical results are presented in Figures 4 and 5.

Table 5-  Percent Time Interference Occurs for Various Exclusion Zone Sizes

Exclusion Zone Radius (km)
Favorable Sharing Condition Percent Time I is Exceeded (%)
Unfavorable Sharing Condition Percent Time I is Exceeded (%)


Freq Reuse =4
Freq Reuse = 7
Freq Reuse =4
Freq Reuse = 7

0
100.0
100.0
100.0
100.0

25
100.0
100.0
100.0
100.0

50
100.0
96.8
100.0
100.0

75
99.0
78.55
100.0
83.6

100
77.5
25.9
100.0
68.4

125
5.3
0.23
97.2
57.0

150
0.0
0.0
81.7
47.1

175
0.0
0.0
56.0
26.9

200
0.0
0.0
24.5
10.0

225
0.0
0.0
4.4
4.6

250
0.0
0.0
0.0
0.0
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Figure 4-  Plot of Percent Time Interference Exceeds MetSat Criteria (-175.3 dBW/4 kHz) versus Exclusion Zone Size (separation distance)- Favorable Sharing Condition
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Figure 5-  Plot of Percent Time Interference Exceeds MetSat Criteria (-175.3 dBW/4 kHz) versus Exclusion Zone Size (separation distance)-  Unfavorable Sharing Condition

The results show that under favorable sharing conditions without consideration for ducting, the required exclusion zone radius is on the order of 130 km for protection of the MetSat Earth station.  Under unfavorable sharing conditions, the exclusion zone radius increases to on the order of 250 km to protect the MatSat station.

The simulation results show that the required exclusion zone size increases significantly in coastal areas where ducting is more likely to occur.  Figure 6 shows that interference in excess of the MetSat criteria occurs for separation distances approximately less than 575 km.  It is worth noting that the ducting curve does not have as steep of a slope and it crosses the curve in Figure 5 at a separation distance of approximately 180 km.  For separation distances of 180 km and greater, ducting from a single station, with the correct geometry relative to the MetSat station, becomes the dominating factor over the aggregate interference generated from the entire MES distribution.  Therefore, under the unfavorable sharing condition, exclusion zones with radii as large as 575 km will be required.
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Figure 6-  Plot of Percent Time Interference Exceeds MetSat Criteria (-175.3 dBW/4 kHz) versus Exclusion Zone Size (separation distance) where Ducting is Considered

5.0  Conclusion.  Sharing between the MetSat Service and MSS still appears to be problematic due to the large exclusion zones that are required around each MetSat station.  In addition, protection of the mobile and transportable GVAR stations is not feasible.  Coordination with those stations cannot be accomplished.  It is proposed that the CPM text should clearly reflect the conclusions of this and the other studies that show exclusion zones of up to many hundred kilometers are required for protection of MetSat stations.   Entire countries where transportable and mobile GVAR stations are operated would have to be considered exclusion zones.  For these reasons, sharing the band 1683-1690 MHz between MetSat and MSS is not practical, and a global MSS allocation would not provide global access to spectrum. 







� 	In order to avoid very best and worst cases, which lead to very contrary separation distances, more moderate favourable and unfavourable sharing situations have been selected. The MSS systems have been selected out of a large number of systems contained in M.1184 or proposed for amendments to M.1184. Some parameters are based on best estimations. Combinations of the above MSS systems, shielding assumptions and meteorological systems should be considered.


2 	This percentage applies to the aggregate interference from all MES.
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