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I. Introduction

A loop SNR equation for the PN ranging clock component tracking loop was derived in document RNG-04_09 which differed from the one presented in [1] by a factor of 4.  Action item AI_04-12 was assigned to JPL to resolve the difference between the two results.

II. Tracking Loop Model

Since the PN ranging clock component is for all practical purposes a squarewave, a tracking loop designed for squarewave recovery shown in Figure 1 is analyzed.  This analysis follows closely the derivation in [2].  The input signal to the loop, r(t), is a squarewave with period T plus noise:
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and n(t) is AWGN with one-sided spectral density No.  Note that by definition, T=2Tc where Tc is the ranging chip period.  The received signal is multiplied by a reference squarewave with offset |(k|<T/2 and its quadrature.  The three waveforms are shown in Figure 2, which is useful in determining the alignment of the different signals.  The outputs of the multipliers are summed up over a squarewave period T, and sampled at kT second intervals to form xk and yk:
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where ni and nq are the noise terms given by:
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Figure 1.  Model of Squarewave Tracking Loop
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Figure 2.  Waveforms at Input to Multipliers

Let (k be the time offset, (k, expressed in radians:
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Substituting back into the equations for xk and yk with (, we get:
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Multiplication of xk and yk produces the loop error signal ek:
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where the last three terms are noise terms.  The S-curve is obtained by taking the expectation of the error signal:
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When the loop is in tracking mode, (k is small.  Thus we can approximate 2|(|/( ( 0, and the noise terms in the loop error signal simplify to:
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Under a white noise assumption for nsc​, the one-sided noise spectral density of the error signal is given by:
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The variance of the loop phase error is given by the the noise spectral density of the loop error signal and the derivative of the S-curve:
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where BL is the one-sided loop bandwidth.  The loop SNR is the inverse of ((2:
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For high SNR, the loop SNR simplifies to:
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which contains the factor of 4 that appears in [1].
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