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The multi-path channel

The multipath channel under consideration here is modeled as an impulse response
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where the hm are the complex weights on the delays Tm  for the M complex rays.  This channel will have a frequency response of 



[image: image2.wmf]å

=

-

=

M

m

T

f

j

m

m

e

h

f

H

1

2

)

(

p

.
(2)

Consider a multipath profile taken from [1].
	Profile B
	Path 1
	Path 2
	Path 3
	Path 4
	Path 5
	Path 6

	Excess delay
	-3 μsec
	0
	2 μsec
	4 μsec
	7 μsec
	11 μsec

	Relative amplitude
	-6 dB
	0
	-7 dB
	-22 dB
	-16 dB
	-20 dB

	Doppler frequency
	0.1 Hz
	0
	0.13 Hz
	2.5 Hz
	0.17 Hz
	0.37 Hz


An example channel response is shown in Figure 1.  Note that path delays that are integer multiples of 1 μs as in the given channel profile give rise to 1 MHz periodicity in the channel response.  Slightly randomizing these delays will remove this periodicity, giving a more realistic channel and channel statistics (Figure 1b).  The magnitudes of the rays are assumed to be constant here (i.e., they are not Rayleigh or Rician faded).  

There will be path loss differences between the beacon-CPE path and the CPE-microphone receiver path due to this frequency selective fading and the fact that the beacon and microphone receiver are operating on different frequencies within the channel.  In general, the beacon transmitter and microphone receiver will be in two different (though nearby) locations.  To account for this, the rays will be set with the same magnitude weight for both paths but different phase weights for the beacon channel and the microphone channel. The absolute levels of the rays are irrelevant since the ratio of the two channel gains is what is of interest.  The frequency selective fading will be determined by finding the average channel power gain over 200 kHz microphone receiver bands (using the slightly randomized ray delays) versus the average channel gain over the 77 kHz beacaon bandwidth within the same 6 MHz channel, yielding a distribution for the fading difference on the two paths (ignoring Doppler effects, which would account for time varying phase shifts on the rays, which should be captured by the Monte Carlo ray phase analysis).
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(a)
(b)

Figure 1. Channel reponse for a random draw of ray phases. (a) With nominal delays. Note channel response is periodic with 1 MHz periodicity.  (b)  With non-integer multiples of 1 μs delays to remove 1 MHz periodicity, where the ray delays have random perturbations between ±0.2 μs.
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 will give the channel power gain.  This will then be averaged over the relevant bandwidth.  For 6 rays,
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where the 
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are the phases of the ray weights hm, hn.  
The ratio of the power gain in the beacon channel (77 kHz wide at -2.69 MHz in the TV channel) vs. the largest microphone channel gain (a 200 kHz width centered from -2.5 MHz to +2.9 MHz in the 6 MHz channel) will be computed with a Monte Carlo simulation, where each trial has a different draw of the the random phases in each ray.
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Figure 2. 10K trial histogram of the ratio of the 77 kHz beacon channel gain to the maximum 200 kHz microphone channel gain in the TV channel.
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Figure 3. MATLAB empirical CDF of the ratio of the 77 kHz beacon channel gain to the maximum 200 kHz microphone channel gain.

Conclusion

The median condition has the beacon channel within 2.8 dB of the maximum microphone channel.  For 90% of the channel draws, the beacon is within 8.9 dB of the maximum microphone channel.  For 99% of the channel draws, the beacon is within 16 dB of the maximum microphone channel.  
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Abstract


This analysis compares the power gain for a 77 kHz beacon bandwidth to the maximum power gain of all 200 kHz microphone receiver bandwidths within a 6 MHz TV channel.  Fixed magnitude rays from channel model B are used for this simulation, but in each Monte Carlo trial the beacon rays get a different draw of a random phase and the microphone receiver rays get a different draw of a random phase to reflect the fact that the two paths originate from different locations.  The simulation results show that 90% of the time, the beacon path is within 8.9 dB of the maximum microphone path.
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