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A Study on A Mathematical Formulation of Protection Ratio and
Its Calculation for Fixed Radio Relay System with Diversity
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Abstract

In this paper, a mathematical formulation of protection ratio and its calculation method are suggested for a radio
relay system with diversity techniques. The analysis of protection ratio and its physical meaning have been performed
for the space or frequency diversity system, and in particular protection ratios are reviewed in terms of the parameters
of diversity improvement factor, which comprises antenna gain, separation distance between antennas, frequency and
its difference between carriers, and distance. As one of simulated results, the co-channel protection ratio of 60 dB is
obtained for the space diversity system regarding 6.2 GHz, 60 km, 64-QAM, and 25 m between antennas, which gives
15 dB less than the co-channel protection ratio of the non-space diversity system. In addition, the co-channel protection
ratio for the frequency diversity system gives 64 dB in case of frequency offset of 0.5 GHz under the same conditions
as the space diversity system, which brings about 11 dB less than the co-channel protection ratio of non-frequency
diversity system. In consequency, it is interesting to note that the space diversity system is less sensitive to interference
in comparison to the frequency diversity system and provides better quality of service for a given interference.
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Table 2. C/N for M-ary QAM.

Bz uha C/N(dB) @ BER= 10"*
16 QAM 176
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64 QAM 238
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256 QAM 29.8
512 QAM 324
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Table 3. Calculated PR and FM.

712 (km) FM ©}X1(dB) PR(dB)
10 13.1 46.9
20 239 517
30 302 64.0
40 34.7 68.5
50 38.2 720
60 41.1 749
70 435 713
80 45.6 794
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