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	Abstract
	[This presents a theoretical analysis of the near field channel in free space. Then this document offers a reasonable strawman channel model for purposes of comparison of near field location systems: (1) Assume attenuation no worse than 20 dB below the free space near field channel model and (2) Assume phase deviations consistent with the delay spread measured at microwave frequencies.]
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Near Field Channel Model

The purpose of this document is to lay out a near field channel model. This document presents a theoretical analysis of the near field channel. A reasonable strawman channel model for purposes of comparison of near field location systems is to assume attenuation no worse than 20 dB below the free space near field channel model and phase deviations consistent with the delay spread measured at microwave frequencies.

Far Field vs Near Field Links

The relationship between transmitted power (PTX) and received power (PRX) in a far-field RF link is given by "Friis’s Law:"
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where GTX is the transmit antenna gain, GRX is the receive antenna gain, ( is the RF wavelength, k = 2 (/( is the wave number, and r is the range between the transmitter and receiver.  In other words, the far-field power rolls off as the inverse square of the distance (1/r2).  Near-field links do not obey this relationship.  Near field power rolls off as powers higher than inverse square, typically inverse fourth (1/r4) or higher.

This near field behavior has several important consequences.  First, the available power in a near field link will tend to be much higher than would be predicted from the usual far-field, Friis’s Law relationship.  This means a higher signal-to-noise ratio (SNR) and a better performing link.  Second, because the near-fields have such a rapid roll-off, range tends to be relatively finite and limited.  Thus, a near-field system is less likely to interfere with another RF system outside the operational range of the near-field system.

Near Field Link Equations

Electric and magnetic fields behave differently in the near field, and thus require different link equations. Reception of an electric field signal requires an electric antenna, like a whip or a dipole. Reception of a magnetic field signal requires a magnetic antenna, like a loop or a loopstick. The received signal power from a co-polarized electric antenna is proportional to the time average value of the incident electric field squared:
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for the case of a small electric dipole transmit antenna radiating in the azimuthal plane and being received by a vertically polarized electric antenna. Similarly, the received signal power from a co-polarized magnetic antenna is proportional to the time average value of the incident magnetic field squared:
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Thus, the “near field Friis” formulas are:
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(4)

for the electric field signal, and:
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for the magnetic field signal. At a typical near field link distance where kr ( 1 (r ( (/2(), a good approximation is:

PRX ( ¼ PTX GTX GRX.
(6)

In other words, the typical “path gain” in a near field channel is on the order of –6 dB. At very short ranges, path gain may be on the order of 60 dB or more. At an extreme range of about one wavelength the path gain becomes a path loss of about 18 dB. This behavior is summarized in the figure below:
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Behavior of a Typical Near Field Channel

Additional Comments on Attenuation and Delay Spread:

The near field link equations above describe free space links. In practice, the free space formulas provide an excellent approximation to propagation in an open field environment. In heavily cluttered environments, signals are subject to additional attenuation or enhancement. Attenuation or enhancement of signals may be included to match measured data. Even in heavily cluttered environments, low frequency near field signals are rarely attenuated or enhanced by more than about 20 dB.

The concept of a delay spread is not directly applicable to a near field channel because the wavelength of a low frequency near field system is much longer than the propagation environment. Instead, a near field channel in a complex propagation environment is characterized by phase distortions that depend upon the echo response of the environment. Since this echo response is largely insensitive to frequency, delay spread measurements at higher frequencies provide an excellent indication of the phase deviation magnitude to expect at lower frequencies.

In propagation testing of near field systems indoors, typical delay deviations are on the order of 30-50 ns, consistent with what might be expected for a microwave link. For instance, a system operating at 1 MHz with an RF period of 1 (s will experience phase deviations of 11–18 degrees. The worst case near field delay observed to date has been an outlier on the order of 100 ns corresponding to a 36 degree deviation at 1 MHz.

In summary, to a reasonable approximation, signal power in a near field link deviates no more than about 20 dB from the free space model. Further, one may assume that the delay spread as measured at microwave frequencies is typical of the phase deviation to be expected at low frequencies.
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