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Summary.

The results of tests performed on the prototype EMWIN system operating at 9.6 kbps shows that sufficient margin exists to support a similar EMWIN system operating at 19.2 kbps.  Calculations show that after the data rate is doubled, there will still be a 3.3 dB link margin.  This is significantly more than the 2 dB margin recommended by Mitretek as the minimum margin for the EMWIN link.
Mitretek therefore recommends a prototype EMWIN system be developed and tested to confirm this analysis.  Mitretek considers this a low risk development from the RF perspective.  However, Mitretek has not reviewed any potential changes in the digital parts of the prototype system and recommends that any such changes that may be contemplated by a software developer, be reviewed for possible impacts on the overall system performance.
Discussion.

A series of tests were conducted to measure the frame error rate (FER) of a prototype EMWIN transmit and receive system provided by Avtec Systems Inc.  The EMWIN signal was at a 9.6 kbps data rate with BPSK modulation and a Forward Error Correction (FEC) code consisting of an inner rate ½ Convolutional code and an outer Reed-Solomon (255,223) code.  Some of the tests were made using signals transmitted through available GOES I/M satellites.  Other tests were made using a direct back-to-back connection between the transmit and receive subsystems.  These two separate sets of results obtained were compared to each other.  The Frame Error Rate versus the EB/N0 at the input to the receive system was plotted as a graph for all the points measured in each subset.  This was done as differing amounts of noise were added the change the measured EB/N0 values.  It was therefore possible to compare the total performance through-the-satellite to the total performance back-to-back instead of comparing individual measurement points in each of these two subsets.  (EB/N0 is roughly equivalent to the signal to noise ratio.)
The result of these tests showed that back-to-back at 9.6 kbps, the prototype system receive software could be configured to provide acceptable performance with an EB/N0 of 4.5 ±0.5 dB, where “acceptable performance” is defined as a maximum of one frame missing or in error every two hours on average.  Tests using this software configuration on a link through the satellite could not be made due to satellite availability, so a conservative estimate of 1 dB for degradation was assumed.  That is, the performance due to the signal passing through the satellite, the CDA uplink equipment, and the receiver block downconverter, was assumed to be 1 dB worse than the back-to-back performance.  The performance limit would therefore be met on a through-the-satellite link at an EB/N0 of 5.5 ±0.5 dB, or a worst case of 6.0 dB.
A link performance calculation was made, based on worst-case satellite figures from Boeing and the minimum G/T, -0.3 dB, required for existing EMWIN terminals.  This calculation shows the available EB/N0 produced by such a link operating at 9.6 kbps would be 13.3 dB and the calculated margin for this prototype EMWIN system is:

Margin 
= available EB/N0 - required EB/N0

= 13.3 – 6.0


= 7.3 dB

This is much greater than the 2 dB recommended by Mitretek for this link.  Therefore an estimate was made of the margin that could be expected if the EMWIN data rate was raised to 19.2 kbps, double the existing rate.
At a data rate of 19.2 kbps, the energy per bit (EB) would be reduced by 3 dB and therefore the available EB/N0 would become 10.3 dB.  Since the satellite transponder bandwidth is not wide enough to support 19.2 kbps using BPSK modulation, QPSK modulation would be required.  Also, since the linearity of the satellite transponder is unknown, Mitretek recommends that offset QPSK be the modulation used because it has less power variance caused by the modulation process.  It is known that offset QPSK modulation is slightly more susceptible to non-linear impairments than BPSK modulation and this difference is estimated to be about 1 dB.  Therefore the required EB/N0 is estimated to be 1 dB more than for the BPSK link that was tested, i.e. 7.0 dB.
Therefore, the margin calculation for offset QPSK at 19.2 kbps becomes:

Margin 
= available EB/N0 - required EB/N0

= 10.3 – 7.0


= 3.3 dB

This margin is also more than the 2 dB recommended by Mitretek for the EMWIN link.  The 1.3 dB of additional margin provides additional assurance that the link will function at an acceptable FER; i.e. if any of the estimates are exceeded by up to 1.3 dB, all the requirements for the link will still be met.

Therefore Mitretek recommends that a prototype EMWIN system be developed and tested, operating at 19.2 kbps, using offset QPSK modulation, and the same FEC code as used in the previous 9.6 kbps EMWIN prototype.
Mitretek has not reviewed the digital parts of the existing prototype, or any software changes that may be needed to develop the new prototype to operate at 19.2 kbps.  If any such changes are proposed by a software developer, Mitretek recommends they be analyzed to determine if they could adversely affect the overall system performance.  Mitretek offers to assist with such analysis if requested.
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