Fade Weights and Update Rates


 

 

Frequently people assume if the maximum fade rate of a weight is F, then sampling this waveform at 2F or more is sufficient to meet the Nyquist Criteria. This is seldom the case for two reasons: 
 
1.      The weights are non-sinusoidal functions whose slope is the fade rate. The complexity of this function is such that there may be higher frequency terms in the Fade weight signal requiring more than the 2F Nyquist rate based on the Fade Rate. 

 
2.      This weight is applied to an INPUT signal which is being sampled at a much higher rate. 
 
Nyquist only states the waveform being sampled can be reproduced after Low Pass filtering. If this weight is not Low Pass filtered by a filter with a cut off frequency of less than half the full sample rate (this is the theoretical value, in realizable systems the filter cut off is typically 40% or less than the value of the sample rate), then images of the weight signal will occur in the passband of the much faster sampled INPUT signal. Even if the weight signal is substantially oversampled for it’s bandwidth, for example, a 50KHz sample rate being used for a fade weight with under 1 KHz fade rate, there will still be images approximately every 50KHz which need to be removed (lowpass filtered) before the weight can be applied to the higher sampled, usually in excess of 400MHz, INPUT signal.  
 
Building this low pass filter can be very processor intensive and require a filter with many taps running at the full sample rate of the INPUT signal. Fortunately there are ways to avoid having to make the theoretical lowpass filter and still prevent images from falling back into the passband. These other methods use approximation methods that are based on the number of bits being used on the INPUT signal. From a purely practical standpoint it seems clear that a weight signal would not have to be as accurately reproduced for a 4-bit signal versus a 14-bit signal since the quantization noise of a 4-bit signal would be much higher, thus, masking the weight signal images which fall back into the band when a practical (non-theoretical) lowpass filter is used to filter the weight signal.  It is only necessary to recreate the sampled weight signal to enough accuracy so that images from the weight signal are below the quantized noise products of the high speed INPUT signal. This means the practical weight signal lowpass filter (the lowpass filter used in the simulator design) can be a simplified version of the theoretical weight lowpass filter. The practical weight signal lowpass filter takes advantage of the INPUT signal bit resolution.  HEC has a proprietary technique which allows us to use sample/update  rates on our weights that are much lower then the INPUT signal sample rate, but through mathematical analysis can be shown they do not generate any significant weight product images on the high sample rate  INPUT signal. These techniques are used in our Wave-3G product which allows us to not have to re-create the weight signal at the full sample rate of the INPUT signal nor have to lowpass filter it at the high sample rate of the INPUT signal. 
 
HEC has noticed several manufacturers have ignored this problem and continue to apply the weight signals to the high sample rate INPUT signal at the lower sample rate of the weight signal without processing the weight signal properly to prevent in-band images of the weight signal causing noticeable distortion to the INPUT signal. HEC has also noticed that no one in the industry seems to mind this theoretical oversight of the under sampling of a weight signal. Weights generated at sample rates lower than the full sample rate must be filtered properly, if they are not, the images of the weight signal will also be applied to the INPUT signal (which is typically sampled at a substantially higher rate then the weight signal). This is not proper simulation. These weights will cause distortions that do not exist in the real world, which the simulator is trying to simulate. This means the resulting simulation does not represent what the user wants!
 
HEC recommends before a customer purchases a cellular channel simulator or a satellite simulator from a company that they have the prospective company explain how they are protecting from this problem. In terms of HEC’s satellite simulator, the weights are actually generated at the same rate of the INPUT signal. This meets even the theoretical Nyquist limits. 
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When a signal is digitally sampled Images of that signal are created during the sampling Process
thess images occur at mutiples of the sample rate.
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‘The sample rates and bandwiths shown for the High Speed Signal Path are typical of those
used In HEC Satelite simulators

You cannot apply a weight at a reduced sample rate to the High Speed

Signal Path (a sample rate under 440MHz for the example shown)
without proper filtering!!




 
Figure 1: Improperly applied simulator weight signals 

