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Power and ACP measurement for BS Conformance Testing (FDD and TDD)





What is wrong with traditional spectrum analysers?





The techniques used in traditional spectrum analysers matured when the main measurement demand was for CW signals and narrowband modulation. There was no digital signal processing available. To enable the required dynamic range, a logarithmic amplifier was used at the final IF to reduce the dynamic range of the following detector circuits. A peak detector was used following the envelope detector to enable the analyser to still give a sensible display when covering a wide bandwidth with a narrow filter, when signals would be present in the filter bandwidth for much less time than one sampling time. A video filter was used to reduce the variance of the measured signal due to noise, especially important when noise itself was being measured. However a peak detector loses information when the signal has unknown statistics. Sample detection is done by setting the video filter bandwidth to be high, thus avoiding filtering the output of the envelope detector. The output of the envelope detector is then sampled, rather than peak detected. The results are therefore not subject to the problems with peak held readings, but are still not true power.





The result of this traditional spectrum analyser architecture was to introduce measurement errors when measuring noise like signals, some of which were systematic so could be allowed for, some of which were dependant on assumptions made about the signal. The effect of a log conversion, envelope detect and filter is to suppress the noise level by 2.5dB below what had been calibrated under CW conditions. If the noise is known to be white Gaussian, then this systematic error can be allowed for, but noise having other statistics has a different suppression factor. Reference 1 (Rhode and Schwarz) shows that suppression factors for sample detected measurements range from 5dB for a pilot and sync channel, through 3dB for 9 channels, to 2dB for a pilot alone. 





Improvements





In order to get more robust and accurate readings, some manufacturers have avoided log converters sample detection and simple averaging. 





RMS detection is done by Rohde and Schwarz, by sampling rapidly the output of an envelope detected linear signal, then mathematically squaring the samples to give power, which is then averaged. This is an improvement over sample detection, but it still involves an envelope detector, which has time constant trade-offs, and marginal performance at low signal levels. This detector is still used within a traditional spectrum analyser swept front end, so for narrow bandwidths it will tend to be slow.





The ideal RMS detector.





The ideal RMS detector will dispense with the envelope detector, and digitise the last IF directly. The IF is then Fourier analysed to determine the spectrum, and each bin has the true power calculated. This power is then averaged. 





Sufficient processing can be employed to use all the information present in the final IF signal, which is now many MHz, rather than the narrow resolution bandwidth. Reading variance is reduced at the rate of 3dB per doubling of the number of samples. Therefore, digitising a wide IF directly results in a reduction of the measurement time to a given measurement uncertainty equal to the ratio of the digitised bandwidth to the resolution bandwidth if all the data is used. E.g. for a 1000 point FFT this could result in several hundred times faster measurement than a conventional swept measurement.





Adjacent channel power due to switching in TDD Mode





In the case of TDD, extra considerations apply. Adjacent channel contamination due to signal power being switched on and off is impulsive in nature and coincident with the switching point of the signal waveform. When measuring the adjacent channel, induced by switching, the RMS detector is not appropriate as it will tend to average out the switch energy. A better approach is to use peak detection of true power.





An approach sometimes used to measure ACP due to modulation is based on a swept spectrum analyser. The RBW selected is much smaller than the channel width. The technique works by employing a RMS detector and sweeping the adjacent channel through the RBW filter. To determine the power in the whole channel the measurement process must integrate the power detected across the adjacent channel. This makes the assumption that the power at different frequencies is uncorrelated.





To measure the peak ACP due to switching it is not sufficient to use the swept technique with a peak detector instead of an RMS detector. There will be some correlation between components within the channel but no figure can be assumed for it a priori. To determine how the spectral components sum across the adjacent channel it is necessary to know both their amplitude and phase. The most straightforward way to determine the level of the ACP due to switching is to emulate a real receiver in the adjacent channel i.e. to detect the power present in a full receiver bandwidth. A rectangular filter is not realisable and so a root raised cosine filter is the most appropriate shape to use. Rohde and Schwarz  proposed the use of a root raised cosine for ACP measurement in TSGR4#3(99) 099. This is the correct approach for measurement of switched signal ACP. Note that even for FDD mode a rectangular filter is not realisable and the swept spectrum technique described above is an approximation. The measurement using a summation of power is an approximation due to the finite bandwidth of the RBW filters used.  





Practical measurements of ACP due to switching, for a QPSK signal (TETRA), have been carried out using two different signal analysers. The first analyser’s measurement was based on a summed swept spectrum technique using a RMS detector. The second signal analyser measured the power in the whole channel through the appropriate root raised cosine filter. The swept spectrum measurement was 4 dB more optimistic than the measurement using the root raised cosine filter. 











Recommendations





Measurement uncertainties should be reduced by directly measuring the required parameter e.g. true power.





In the case of ACP due to modulation where true power is required, the detector should be true power. Using log amps and inappropriate filtering introduces errors, not all of which can be allowed for. Use a true RMS detector.





In the case of ACP due to switching in TDD where peak power is required, the peak value of true power should be measured. Attempting to integrate power across a channel bandwidth made up of smaller bandwidths will result in the wrong answer when correlation is present between the different offset frequencies. Use a channel wide filter, something realisable like a root raised cosine filter rather than a rectangular 4.096MHz filter, and record the peak true power reading within the channel.





For consistency of performance parameters between TDD and FDD, the same channel filter should be applied to both FDD and TDD test and measurement methods.
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6.5 Transmitted RF carrier power versus time





6.5.2 Test conditions and measurement method





Refer to Figure 6.1.1.7-1 for a functional block diagram of this test set-up





2. Set the spectrum analyser condition as follows


	Median frequency		: carrier frequency


	Sweep spectrum range	: 0Hz


	Resolution bandwidth	: Root raised cosine 4.096MHz


	Video bandwidth		: Video filtering not required.


	Input level			: 70% to 90% of full scale


	Sweep mode			: zero span


	Sweep trigger		: to be defined


	Sweep time			: to be defined


	Detection mode		: RMS power





6.6  Adjacent channel power





6.6.2  Test conditions and measurement method





2. Set the spectrum analyser condition as follows


Median frequency		: carrier frequency and each of  the adjacent 


channel frequencies


	Sweep spectrum range	: 0 Hz


	Resolution bandwidth	: root raised cosine 4.096MHz


	Averaging			: 1000 power averages 


(for 0.2dB error at 95%confidence)


	Input level			: 70% to 90% of full scale


	Sweep mode			: zero span


	Sweep trigger		: to be defined


	Detection mode		: true RMS (FDD) or Peak of true power (TDD)
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