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1.	Introduction

During the third meeting of the IRG (IRG-3), a new study approach for BSS replanning feasibility studies referred to as the “Planning Approach” was defined. The details of the technical assumptions and methodology to perform replanning studies based on the “Planning Approach” were developed by the GTE-2 and described in the GTE-2 meeting report (GTE99-2/20). 

Part of those assumptions include the definition of four channel rasters to be considered in the feasibility studies. 

This document examines the channel rasters in more detail and presents results of a theoretical study that quantifies their relative efficiency.  This work was necessary to assist the replanning studies by placing emphasis on channel raster(s) that give the greatest chance of achieving a successful result. 





2.	Channel Raster Details

The four channel rasters were labelled as raster a), b), c) and d) by the GTE-2 and are identified that way in this document. The characteristics of each of the four channel rasters is described below. Note that the term “block” is used in this paper to represent a 400 MHz allotment consisting of 10 channels.



2.1 Raster a)

Raster a) consists of 10 defined channels, with 38.36 MHz frequency spacing, within a continuous band of 400 MHz with one pre-determined type of polarisation. The channel scheme is based on co-channels only. Each “block” can consist of either odd numbered channels or even numbered channels. The channel arrangement is shown in the diagram below.



�



Four blocks, labelled A to D, are possible. Blocks A and B consist of 10 non-overlapping channels among channels 1 to 20 and Blocks C and D consist of 10 non-overlapping channels among channels 21 to 40. Blocks A, B, C and D are available in the Region 1 allocation (11.7 - 12.5 GHz). However, in the Region 3 allocation (11.7 - 12.2 GHz), only the first 100 MHz of Blocks C and D is available. 

Block A is co-channel and opposite polarisation (cross-polar) to Block B. Likewise, Block C is co-channel and cross-polar to Block D. The block arrangement for raster a) is shown in the diagram below.
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There are a number of different relationships between the four blocks. The geographic beam separations required at a given orbital position are as follows:



Scenario�Isolation Required* �Geographic Separation Required Between Beams��A ( C or B ( D or�A ( D or B ( C�-�can totally overlap��A ( B or C ( D�(co-channel, cross-polar)�3 dB�(28 - 25 dB)�separation is required between beams��A ( A or B ( B or �C ( C or D ( D�(co-channel, co-polar)�28 dB�significant separation is required between beams��*	The isolation required between beams is a rough estimation based on the single entry downlink protection ratio i.e. aggregate protection ratio� plus 4 dB�, minus the receive earth station antenna on-axis polarisation discrimination (25 dB). More precise values are derived in Section 3 assuming the combination of space station antenna gain and earth station antenna polarisation discrimination.



2.2 Raster b)

Raster b) consists of 10 defined channels, with 38.36 MHz frequency spacing, within a continuous band of 400 MHz with one pre-determined type of polarisation. The channel scheme assumes adjacent-channels. The channel arrangement is shown in the diagram below. 
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Four blocks, labelled A to D, are possible. Blocks A and B consist of 10 non-overlapping channels among channels 1 to 20 and Blocks C and D consist of 10 non-overlapping channels among channels 21 to 40. Blocks A, B, C and D are available in the Region 1 allocation (11.7 - 12.5 GHz). However, in the Region 3 allocation (11.7 - 12.2 GHz), only the first 100 MHz of Blocks C and D is available. 

��Block A is adjacent-channel and cross-polar to Block B. Likewise, Block C is adjacent-channel and cross-polar to Block D. Each block can have either left-hand circular polarisation (CL) or right-hand circular polarisation (CR).  The block arrangement for raster b) is shown in the diagram below. In the diagram, Blocks with the “bar” character (   ) have opposite polarisation to those without e.g. Block A has CL polarisation whereas Block A has CR polarisation.
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The geographic beam separations required at a given orbital position are as follows:
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2.3 Raster c)

Raster c) consists of 10 defined channels, with 38.36 MHz frequency spacing between co-polarised channels, within a continuous band of 200 MHz with two pre-determined types of polarisation (i.e. cross-polarised channels assigned to the same beam will be co-channels). The channel scheme is based on co-channels only. Each “block” can consist of either odd numbered channels or even numbered channels. The channel arrangement is shown in the diagram below.



�

Four blocks, labelled A to D, are possible. Blocks A, B, C and D consist of 5 non-overlapping channels among channels 1 to 10, 11 to 20, 21 to 30 and 21 to 40 respectively. Blocks A, B, C and D are available in the Region 1 allocation (11.7 - 12.5 GHz). However, in the Region 3 allocation (11.7 - 12.2 GHz), the second 100 MHz of Block C and all of Block D is unavailable. 

Five channels in each Block are cross-polar to the other 5 channels in the Block. The block arrangement for raster c) is shown in the diagram below.
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The geographic beam separations required at a given orbital position are as follows:



Scenario�Isolation Required* �Geographic Separation Required Between Beams��A ( B or B ( C or�C ( D or A ( C or A ( D or B ( D�-�can totally overlap��A ( A or B ( B or�C ( C or D ( D�(co-channel, co-polar)�28 dB�significant separation is required between beams��*	The isolation required between beams is a rough estimation based on the single entry downlink protection ratio i.e. aggregate protection ratio� plus 4 dB�, minus the receive earth station antenna on-axis polarisation discrimination (25 dB). More precise values are derived in Section 3 assuming the combination of space station antenna gain and earth station antenna polarisation discrimination.



2.4 Raster d)

Raster d) consists of 10 defined channels, with 38.36 MHz spacing between co-polarised channels, within a continuous band of 200 MHz with two pre-determined types of polarisation (i.e. cross-polarised channels assigned to the same beam are adjacent-channel with a frequency spacing of 19.18 MHz). The channel arrangement is shown in the diagram below.
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Four blocks, labelled A to D, are possible. Blocks A, B, C and D consist of 5 non-overlapping channels among channels 1 to 10, 11 to 20, 21 to 30 and 21 to 40 respectively.  Blocks A, B, C and D are available in the Region 1 allocation (11.7 - 12.5 GHz). However, in the Region 3 allocation (11.7 - 12.2 GHz), the second 100 MHz of Block C and all of Block D is unavailable. 


�
�
Block A is adjacent-channel to Block B. Likewise, Block C is adjacent-channel to Block D. Each block can have either left-hand circular polarisation (CL) or right-hand circular polarisation (CR). The block arrangement for raster d) is shown in the diagram below. In the diagram, the blocks with the “bar” character (   ) have opposite polarisation to those without e.g. Block A has CL polarisation for the odd numbered channels whereas Block A has CR polarisation for the odd numbered channels.
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The beam separations required at a given orbital position are as follows:
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�3.  	Theoretical Study to Quantify Raster Efficiency

In order to quantify the relative efficiency of each of the channel rasters, a theoretical study was conducted and is described in this section. The theoretical study involved the determination of the minimum separation distances between beams for each channel raster and working out which raster has the greatest efficiency by accommodating the most channels within a given geographical area.



3.1 Assumptions

The assumptions made in the theoretical study were:

all beams are the same size, have the same gain, and have a circular beam shape;

all beams originate from a single orbital position;

receiving earth station antenna cross-polar discrimination of 25 dB on-axis (refer Figure 7 or Figure 7bis of Annex 5 of Appendix S30);

transmitting space station antenna according to Figure 9 of Annex 5 of Appendix S30 (i.e. the R13TSS pattern);

circular polarisation is employed;

Downlink single entry co-channel protection ratio of 28 dB (assumes a 24 dB aggregate co�channel protection ratio + 4 dB margin);

Downlink single entry adjacent channel protection ratio of 20 dB (assumes a 16 dB aggregate downlink adjacent-channel protection ratio + 4 dB margin).



3.2 Methodology

The methodology employed in the theoretical study was as follows.

Create a number of circular beams with a 3 dB beamwidth of (0 degrees.

Determine the separation distances required between co-channel co-polar, co-channel cross-polar, adjacent-channel co-polar, and adjacent-channel cross-polar beams. Distances are determined relative to the 3 dB beamwidth of the beams�.

Allot as many blocks as possible to a beam.

Allot any remaining blocks to a second beam separated by a distance in accordance with the table mentioned in Step 2 above.

Repeat Steps 3 and 4 to the 3rd, 4th,…Nth  beam to construct an array of beams.

Determine the network capacity by calculating the surface area that the beams occupy and divide that area by the number of channels used in that area.

Repeat Steps 3 to 6 for each channel raster.



3.3	 Results

An overview of the beam arrays created in the theoretical study is at Annex A. Details of the results of the study are as follows. 



3.3.1  Beam Separation Distance

A graph showing the equivalent antenna gain isolation as a function of the geographic separation between a wanted and an interfering beam with identical characteristics, both co-located at the same orbital position was constructed (see Annex B). The curves in that chart were derived from combining the space station transmit antenna pattern (Figure 9 of Annex 5 of Appendix S30) and the receive earth station antenna cross-polar discrimination of 25 dB on-axis (Figure 7bis of Annex 5 of Appendix S30). From that chart, the separation distances required between two identical beams relative to their 3 dB beamwidth, (0, were derived as follows:



�Co-polar�Cross-polar��Co-channel�3.97 (0 �1.78 (0��Adjacent Channel�1.88 (0�0 (0��

It is interesting to note the relationship between protection ratio and separation distance as per the graph in Annex B. For the co-channel co-polar case, a 1 dB reduction in the single entry co�channel protection ratio (28 dB to 27 dB) results in a significant decrease in separation distance from 3.97 (0 to 2.1 (0.  However, a further decrease in co-channel protection ratio results in only a minor reduction in separation distance. Also, for the adjacent channel case, a significant decrease in the single entry adjacent channel protection ratio results in only a minor reduction in separation distance.





3.3.2  Results for Raster a):

By applying the methodology in Section 3.2, a beam array diagram was derived for channel raster a). Block A was allotted to the first beam. Block C was allotted to a second beam at the same geographic location as the first beam. Block B was allotted to a third beam separated by a distance 1.78 (0 from the Block A & C beams. Block D was allotted to a fourth beam co-located with the third beam. Block A was re-used by a fifth beam separated by 3.97 (0 from the first beam. This process was repeated several times to create a beam array as shown in the diagram below.

� EMBED Designer.Drawing.7  ���



3.3.3  Results for Raster b):

����By applying the methodology in Section 3.2, a beam array diagram was derived for channel raster b). Block A was allotted to the first beam. Block B was allotted to a second beam co-located with the first beam. Blocks C and D were also allotted to co-located third and fourth beams respectively. Blocks A, B, C and D were allotted to beams 5 - 8 separated by 1.88 (0 from the first 4 beams. Blocks A, B, C and D were re-used by beams 9 - 12 separated by 3.97 (0 from the first 4 beams. This process was repeated several times to create a beam array as shown in the diagram below.

� EMBED Designer.Drawing.7  ���



3.3.4  Results for Raster c):

By applying the methodology in Section 3.2, a beam array diagram was derived for channel raster c). Block A was allotted to the first beam. Block B was allotted to a second beam co-located with the first beam. Blocks C and D were also allotted to co-located third and fourth beams respectively. Blocks A, B, C and D were re-used by beams 5 - 8 separated by 3.97 (0 from the first 4 beams. This process was repeated several times to create a beam array as shown in the diagram below.

� EMBED Designer.Drawing.7  ���



3.3.5  Results for Raster d):

����By applying the methodology in Section 3.2, a beam array diagram was derived for channel raster d). Block A was allotted to the first beam. Block B was allotted to a second beam co-located with the first beam. Blocks C and D were also allotted to co-located third and fourth beams respectively. Blocks A, B, C and D were allotted to beams 5 - 8 separated by 1.88 (0 from the first 4 beams. Blocks A, B, C and D were re-used by beams 9 - 12 separated by 3.97 (0 from the first 4 beams. This process was repeated several times to create a beam array as shown in the diagram below.



� EMBED Designer.Drawing.7  ���



3.3.6  Relative Raster Efficiency Results

The resulting “network capacity” for each channel raster using the diagrams above with a 3 dB beamwidth of 0.6( per beam are given below. The relative efficiency indicated in the table is in relation to the highest capacity raster(s). In this case, both rasters b) and d) have the highest capacity, raster a) the least and raster c) in between.



Channel Raster�Capacity�(channels per 1000 km2)�Relative Efficiency��a�0.9�50 %��b�1.8�100 %��c�1.2�66 %��d�1.8�100 %��

Note that these results may vary significantly with different assumptions. In particular, the co�channel protection ratio due to its sensitivity with separation distance in the co-polar case. A slight reduction in the co-channel protection ratio would significantly reduce the co-channel separation distance and thus make the relative efficiencies of rasters a) and c) better than those determined above.



�4.	Summary

In considering the characteristics of each channel raster and from examination of the results of the theoretical study, the advantages and disadvantages of each channel raster are as follows.



Channel Raster�Advantages/Disadvantages��a�- 	does not take advantage of increased spectrum utilisation obtained through the interleaving of adjacent channels. Network capacity not as high as the other channel rasters.

-	some specific existing systems have some channels which are difficult to accommodate with this channel raster (there are few cases in the current Plan).��b�-	increased spectrum utilisation obtained through the interleaving of adjacent channels. This doubles the network capacity of this raster arrangement compared with raster a). Network capacity is also significantly greater than that of raster c).

-	compared with rasters a) and c), there is less flexibility in the use of an allocation by a country.

-	better accommodates assignments made to “existing” beams.��c�-	network capacity not as high as raster b or d.

- 	provides administrations with full flexibility to manage their allotment. However, internal interference must be managed by administration. 

-	beams that have existing assignments in a band covering more than 200 MHz will not be fully accommodated by the channel raster.��d�-	use of adjacent channels with opposite polarisation allows beams to overlap thus improving the spectrum efficiency of this raster arrangement compared with rasters c) and a).

- 	provides administrations with some flexibility to manage their allotment. However, internal interference must be managed by administration.

-	there are more constraints between countries compared with raster c); the full 400 MHz (two polarisations in a 200 MHz band) cannot be utilised.

-	beams that have existing assignments in a band covering more than 200 MHz will not be fully accommodated by the channel raster.��



�5.	Conclusion



The channel rasters have been examined in detail and a theoretical study has quantified their relative efficiency.  Raster b) can better accommodate existing assignments compared with raster d) and is more efficient than rasters a) and c) and thus appears to be the most appropriate to consider first. 

Considering that emphasis should be placed on channel raster(s) that give the greatest chance of achieving a successful result, replanning studies should be performed using the four channel rasters in the following order:



1st 	Raster b;

2nd 	Raster d;

3rd 	Raster c; and

4th 	Raster a.

�


Overview of Beam Arrays Created in the Theoretical Study



Raster a):
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Capacity ( 0.9 channels/1,000 km2







Raster b):
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Capacity ( 1.8 channels/1,000 km2

�Annex A







Raster c):
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Capacity ( 1.2 channels/1,000 km2







Raster d):
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Capacity ( 1.8 channels/1,000 km2

�
Annex B
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� 	24 dB for co-channel interference, 16 dB for adjacent channel interference. 

� 	assumes 2.5 theoretical interfering signals at the single entry level.

� 	24 dB for co-channel interference, 16 dB for adjacent channel interference. 

� 	assumes 2.5 theoretical interfering signals at the single entry level.

� 	24 dB for co-channel interference, 16 dB for adjacent channel interference. 

� 	assumes 2.5 theoretical interfering signals at the single entry level.

� 	The isolation required is -5dB only for the channels at the edge of the block. Otherwise, it is “-“.

� 	24 dB for co-channel interference, 16 dB for adjacent channel interference. 

� 	assumes 2.5 theoretical interfering signals at the single entry level.

� 	separation distances are determined relative to the 3 dB beamwidth as the co-channel and adjacent channel separation distances vary in proportion to beam size i.e. a doubling of a beam’s 3 dB beamwidth results in a doubling of co-channel and adjacent channel separation distances.
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