TRANSPONDER POWER SHARING EQUATIONS

Jan A. King  (w3gey@amsat.org)

Link analysis methods employ various techniques to sum the signal and noise contributions associated with, first the uplink path and then the downlink path.  The most common methods used are:

· To determine the uplink total S/Nt [or S/(No+Io)] value, and  then the downlink S/Nt [or S/(No+Io)] and then compute the result by the relationship:
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after un-logging all appropriate values.  One then converts the end result back to dB (or dBHz).  

· To determine the uplink total S and total Nt (= No+Io) value, amplify these quantities by the gain of the spacecraft transponder.  This will produce an output power value for the transponder which is driven at a power level equal to the sum of the uplink components multiplied by the transponder gain AND with the intermodulation power of the transponder added in.  Each component (signal + interference + transponder thermal noise + intermod) after amplification is then propagated on the downlink path and additional interference sources are added in.  At the end of the link the downlink receiver’s thermal noise must then also be added.    Dividing the resultant signal power (or power density) by the resultant (noise + interference) power yields (S/N)Total .  

· To determine the uplink total S and total Nt as above.  Then assign a spacecraft transponder power output as a link model operator selected value.  Next, the transponder gain required to achieve the selected power output is calculated given the input signal levels and the transponder power output.  The power output of the transponder, however, is naturally divided into three components:  the signal power, the transponded total noise power and the intermodulation power produced by both of the former components.  .  Each component (signal + interference + transponder thermal noise + intermod) after amplification is then propagated on the downlink path and additional interference sources may be added in (e.g., adjacent satellite interference, adjacent beam interference).  At the end of the link the downlink receiver’s thermal noise must then also be added.  Dividing the resultant signal power (or power density) by the resultant (noise + interference) power yields (S/N)Total .  

As can be seen, the last two methods are the same except in one case the gain is an  independent parameter and in the other the gain is a dependent parameter.  The link models I’ve developed so far use this third method.  The gain of the Forward Link is derived by dividing the total transponder power output (a blue value selected by the link model operator) by the sum of signal + total noise on the uplink.  A detailed description of the equations used by the link model system is given below.  This method was selected since most projects I’ve been working on have been development level projects.  It is easier to adjust the output power level independent of the uplink conditions and have the model compute the required gain.  Of course, there is a maximum practical gain for any space transponder and it is up to the operator of the model to determine this value manually, based upon common engineering practices.  

Using this third method, the uplink model path is technically disconnected once the signal path reaches the input of the LNA at the spacecraft.  The operator then selects the power that is to be allocated to the desired user downlink (PT).  Since the transponder input signal level and uplink interference + thermal noise levels are known, the model can calculate the gain that must be applied to the transponder.  This is the output signal power (selected by the operator) divided by (subtracted from in dB) the input power at the LNA input.  A complicating factor exists because the output power from the power amplifier consists of three components:  power developed from the uplinking signal (PSIG), power developed from the uplink interference + noise (PNT) and power developed in the HPA (resulting from distortion products within the amplifying devices (the intermodulation power (PIMR)).  Intermodulation power is, in fact, produced by BOTH  PSIG and PNT since both of these components are amplified by the HPA devices.  The relationships between these quantities is a simple set of coupled linear equations given that the signal-to-noise ratio (SNR) and the signal-to-intermodulation ratio (IMR) are know quantities that can be established once the total transponder power is set in the model.  The equation for apportioning the output power of the transponder can be simply written as,


PT = PSIG + PNT + PIMR  





(1)
The relationship which yields the HPA power generated by uplink noise power is


PNT = PSIG/SNR,






(2)

and the intermodulation power generated by the HPA is a function of  both the transponded signal power and the transponded total noise power:


PIMR = (PSIG + PNT) / IMR




(3)

Substituting equations (2) and (3) into (1) we obtain,


PT = PSIG + PSIG/SNR + (PSIG + PNT)/IMR. 


(4)

This may be rewritten again as,


PT = PSIG + PSIG/SNR + PSIG + PSIG/SNR


(5)





           IMR

Given equation (5), it is now possible to determine the HPA output power (PT) in terms of PSIG and other known quantities.  First we rewrite equation (5) as:


PT = PSIG[1 + 1/SNR + 1/IMR + 1/(SNR)((IMR)]

(6)

The total power PT is the value set by the link model operator.  It is the total RF power transmitted by the HPA.  We can now determine each of the three components using three equations as follows.  First, expressing PSIG in terms of quantities already known (PT, SNR and IMR):


                                              PT

     PSIG  =                                                                              
(7)
 1 + 1/SNR + 1/IMR + 1/(SNR)((IMR)

The total transponded noise power generated by the HPA, PNT can be determined once PSIG is known:


     PNT  =  PSIG/SNR






(8)

Finally, the intermodulation power generated by the HPA can be found in terms of PSIG, SNR and IMR:

    PIMR  =  PSIG  +  PSIG/SNR    =  PSIG/IMR  + PSIG/(IMR)((SNR)      (9)


       

       IMR

Equations (7), (8) and (9) are used in the link model to divide up the spacecraft transponder total power among these three components.  
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