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SEPARATE ANALYSES OF UPLINKS AND DOWNLINKS   
1.0 Introduction

A short summary providing the essential technical parameters for each pending new satellite network can be very useful for pre-coordination culling.  Significant shortening is possible by eliminating the cross-strapping and associated transmission gain from the list of essential notification information in the summary.

The CPM Report suggests that the Radiocommunication Bureau could separately analyze the uplinks and downlinks of a satellite network in respect to the present coordination trigger ().  Consequently, the report suggests that the need for detailed strapping information (Appendix S4, D1) and link noise temperature and transmission gain (Appendix S4, D2) would be obviated.  This paper examines the consequences of such an approach in calculating the coordination thresholds. 

2.0 Separate Uplink and Downlink Information

The requirement to link the uplink and downlink for “simple frequency-changing transponders” results in a large number of permutations in the filing and in a large amount of review work for the BR.  By elimination of this information there will be only a small impact upon the coordination culling process.  In particular, it can be shown that separately comparing uplink and downlink values against the 6% criterion will cull necessary cases for coordination just as thoroughly as comparisons done with the  for each uplink and downlink combination. 

The “equivalent link noise temperature”, T, is referred to the output of the receiving antenna of the earth station.  In the absence of intermodulation noise and interference, T is related to the earth station noise temperature, Te , and the satellite receive noise temperature, Ts , by the equation:  T =  Ts + Te , where is thetransmission gain from output of satellite receiving antenna to output of earth station receiving antenna

Likewise, the total link interference, from an interfering system affecting both the uplink and the downlink is given by: se . The pre-coordination culling process described in APS8 of the Radio Regulations calls for a calculation of which if greater than 0.06, indicates a need for closer analysis and specific coordination action.

Generally, the overall link budgets tend to be either balanced (with approximately equal uplink and downlink noise contributions), downlink limited (downlink noise dominating), or uplink limited (uplink noise dominating). It is interesting to examine the potential estimation errors due to applying the 6% culling criterion solely to either the uplink noise or the downlink noise.

2.1 Error in Case of Balanced Link Budget

When the link budget is nearly balanced, T ~ 2 Ts ~2 Te  , since Te ~  Ts  by definition.

If there is only uplink interference, the ratio s / s  will be approximately twice the value of since  Ts ) / ( Ts + Te ) ~  Ts ) / (2 Ts ) = 0.5( Ts/ Ts)   

Likewise, if there is only downlink interference, the ratio e / e  will be approximately twice the value of since Te ) / (Ts + Te ) ~  Te ) / (2 Te )  

If there is both uplink and downlink interference, and s / s and e / e are each 0.06 or less, the value of  for the balanced link will still be no greater than 0.06, since

TsTe ) / (Ts + Te ) ~  Ts ) / (2 Ts ) +  Te ) / (2 Te )





     = 0.5( Ts/ Ts + Te/ Te) 

In other words, there is no risk of overlooking a case needing coordination if the 6% criterion is applied separately to the downlink and uplink when the link budget is balanced.

2.2 Error in Case of Unbalanced Link Budget

When the link budget is unbalanced so that it is either dominated by downlink noise (Te> Ts ) or by uplink noise ( Te< Ts),  the same conclusion holds.  This can be shown by considering the general case where kTe =  Ts , where “k” is a proportionality constant.

Considering that kTe =  Ts , the general relationship between and  the values of Te/Te and Ts/Ts becomes


TsTe ) / (Ts + Te )


TsTe ) /( k Te + Te )


=   TsTe

k+1) Te       (k+1) Te

=   kTsTe

k+1) Ts       (k+1) Te

=   k TsTe

k+1)Ts       (k+1) Te
If the uplink and downlink interference to noise ratios are considered separately, and have the values Rs (=Ts/Ts ) and Re (=Te/Te), then the question to be answered is: “Can the criterion (0.06) can be exceeded if the neither Rs nor Re exceeds 0.06 ?”

In one case, Rs is the larger value, such that Re/Rs = <1  so that


k Rs      +     Re

      (k+1)           (k+1)


k Rs      +     Rs

      (k+1)           (k+1)


=  Rs (k+Rs


k+1)

Alternatively, if Re is the larger value, such that Rs/Re = <1 , then 


k Rs      +     Re

      (k+1)           (k+1)


k Re      +     Re

      (k+1)           (k+1)


=  Re (k+Re


k+1)

Since  is less than the higher of the two ratios in both cases, and both noise ratios satisfy the 0.06 culling criterion, the criterion cannot be exceeded if neither the individual uplink nor downlink interference-to-noise ratio exceeds the criterion.



3.0 Characterizing the Extremes

A satellite network may be planned with several subnetworks sharing the same satellite, perhaps with earth stations having different gain (directivity) values.  In characterizing the associated earth station parameters for the uplink of a new satellite network, it is essential to group the maximum power spectral density, pe , with the correct earth station transmit gain, g1(.  An expedient to ensure this association is to pair those parameters.

For a given earth station antenna type, there may also be significant power density differences in various frequency band segments.  In order to avoid incorrectly characterizing the usage of the typical uplink, a band with significantly higher-than-typical power densities should be separately identified and a special grouping identified in the notification information.

4.0 Conclusions

The primary objective for the present must be the timely alerting of existing satellite network operators to possible coordination issues posed by planned new satellite networks.  Eliminating the cross-strapping and associated transmission gain data greatly reduces the amount of data to be culled, thus speeding up the initial culling process. In some cases, calculations using only separate uplink and downlink parameters may cause networks to be brought into the coordination process by the BR that would not be included on the basis of the combined link (ESLNT) calculations.  However, the separate analysis will certainly not result in any cases being missed by the simplified culling. More importantly, the separate analyses will enable existing operators to be made aware of potential interference problems before they become real-time operational problems.
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