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1 Abstract
In the analysis of the measurement results of throughput as function of downlink power or SIR, curves obtained for different conditions like geometrical constellations have to be averaged. Detailed prescriptions for this averaging lacking, this contribution proposed to precisely define the averaging process.
2 Introduction
In the MIMO OTA test plans executed so far, throughput (TP) was recorded as function of SNR / SIR or of downlink (DL) power expressed in RS EPRE [dBm / 15 kHz]. In order not to lose the link, the curves are not recorded until no TP is observed any more. For example, in the CTIA IL/IT document [1], the instructions say that TP has to be recorded until it falls below 70 % of maximum TP.
Averages of several curves are taken at the end, not individual curves. For example, in the multi-cluster setup 12 curves for different azimuth positions are recorded and averaged at the end. In the decomposition method 128 constellations are recorded, and all these curves are averaged. In the reverberation chamber methods with stepped stirrers, TP is recorded for single conditions like stirrer position or turntable position, and an average over a large number of conditions is calculated.

3 Calculating the throughput average curves
What is the correct method to calculate the average? For each power level (throughout the rest of this document power is considered but one may substitute it with SNR / SIR if appropriate) the TP value for each curve is taken, and the sum of all TP values divided by the number of curves gives the average TP value. Let’s assume, for simplicity, that there are just four curves to be averaged. Figure 1 shows fictitious curves. The red curve indicates what the average would be.
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Figure 1: TP curves and average
Let’s now look into the possibilities we have with data not taken for the full range of TP. Each curve is now assumed to have several measurement points for TP values larger than 70 % of maximum, and exactly one point with TP lower than 70 %. No TP data exist for lower power levels. 

There are three methods one might consider:

· ignore all points for the power levels lower than the one where TP dropped below 70 %

· set TP to 0 for the power levels lower than the one where TP dropped below 70 %

· extrapolate to TP = 0 using the last two power levels just above and below the 70 % line


The first possibility is shown in Figure 2. As soon as one curve has no data, the summed average of the remaining curves is divided by just the number of remaining curves. In the final case only one curve is remaining, and its TP values are carried over to the average. This certainly is not what one wants to obtain, and therefore the possibility has to be discarded.

For the same reason a curve not resulting in any TP, even not at the highest power, still has to be included in the averaging process, with a value TP = 0 for all power levels.


[image: image2]
Figure 2: TP curves cut below 70 % TP
The second possibility is shown in Figure 3. When there are no data available, TP is assumed to be zero. The number of curves where the average is taken from remains the same. In tendency the average calculated this way faithfully reproduces the original average in the area of high TP. For low TP values, the tail flattening out at lower power levels is shortened. This evaluation seems to be appropriate when searching, for example for the power level associated with 80 % TP.


[image: image3]
Figure 3: TP curves zeroed below 70 % TP

Now finally let us see how much the curves change when extrapolating for lower TP values by carrying the slope around 70 % TP over till TP reaches zero. From a smoothness perspective, these results shown in Figure 4 are more “realistic” than dropping to TP = 0. On the other hand, like curve 3 shows, sometimes the extrapolation hits the zero TP line at points quite far away from realistic power levels due to an inadequate slope at the last two points to be used for the extrapolation. It seems that extrapolation only can be used when adding further requirements to the consistency of the data going into the extrapolated values. The extrapolation is more likely not to be stable when the points used for the extrapolation are within the bending part of the curve. For these reasons we do not recommend to follow this method further.


[image: image4]
Figure 4: TP curves extrapolated below 70 % TP
Figure 5 compares the average curves for the different algorithms which we have discussed. The average for cut curves, shown in the green trace, is not acceptable at all. The other two methods are not too far apart. For simplicity and stability we propose to use the average of zeroed curves, even though it will result in slightly lower TP values than the extrapolated curves. Since the region of high TP is the most interesting result, deviations at lower TP values don’t matter.

[image: image5]
Figure 5: TP averages comparison
4 Conclusions
Clarification was required for the algorithm used to average several throughput curves. Assuming that no reliable data exist below a given threshold, for example 70 % of maximum TP, it is proposed to explicitly assume no throughput for power levels smaller than the last point measured below threshold. This method is simpler and more stable than performing an extrapolation to regions where no data were recorded.
Similarly, in conditions where the link is so bad that no TP can be observed even at high power levels, a value TP = 0 has to be used for all power levels in the averaging process.
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