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1 Abstract
This paper resumes the discussion on the averaging of throughput curves. Different choices are presented. We also show results from the decomposition method processed with various averaging formulas.
2 Introduction

In an earlier paper [1] we had started a discussion on the averaging of throughput (TP) curves. The test descriptions for MIMO testing both from 3GPP RAN4 [2] as well as from CTIA MOSG [3] do not give clear prescriptions how to deal when having recorded TP curves under different conditions. The main focus in that presentation had been to describe possibilities in case a TP curve has not been recorded down to very low TP values.

A similar presentation had then been given to the MOSG group of CTIA [4]. The discussion there did move into the direction of questioning if averaging the curves in TP for each value of downlink (DL) power is appropriate. In reaction to this debate an action point led to another document for MOSG [5] describing various methods of averaging. In this document still only a few fictitious curves were used in order to highlight how each approach affects the results.

In a recent document to MOSG [6] we extended the topic by presenting results from the decomposition method and processing it with various averaging formulas.

This contribution combines [5] and [6] for continuing the discussion in RAN4.

Note for clarity that the term “TP curve” is a short way to describe a curve displaying TP as a function of DL power or SIR.

3 Three averaging formulas
3.1 Average based on throughput

The method applied in our data analysis so far was averaging the TP curves by the following formula:
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where the sum is taken over n different conditions under which TP curves were taken. In the decomposition method, this corresponds to 128 constellations with different angles of the antennas and of the turntable, and also different polarizations. Figure 1 describes this approach graphically.
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Figure 1: Average based on throughput
For each value of power x such an average value can be calculated from the TPn(x). Details how to deal with cases of incompletely measured curves are described in [1]. The red dot indicates the resulting average value.
3.2 Average based on downlink power or SIR

The complementary approach is an averaging of DL power (or SIR). Two possibilities exist how to perform the average. In the first alternative the linear sum of power is taken:
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Here for every selected TP value y a corresponding power level Pn(y) can be found, and summed over all N constellations.
Another alternative is to sum the power levels similar to the formula used for TIS evaluation, i.e. using the inverse of power. Then the formula changes to:
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We use the subscript “reg” in order to indicate that the regular sum is used, and the subscript “inv” for the inverse sum of power values.

For both formulas the power levels have to be converted to linear values in mW before the summation takes place, and the average then can be reconverted to dBm / 15 kHz for RS EPRE or dB for SIR. 

Since the recording of the TP curves is done with fixed steps in power, only few TP values are available. In order to calculate the correct average, the TP curves have to be interpolated, and a fixed set of y values for TP can be used for generating the curve of Pavg(y).
Figure 2 shows the corresponding situation, with the purple dot giving Pavg,inv and the green dot showing Pavg,reg. The same color coding is used throughout the subsequent figures.
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Figure 2: Average based on DL power
3.3 Comparison of results for sample curves

Now let us consider a few examples of different fictitious curves. In Figure 3 one of the TP curves is far away from the other curves which are closely grouped. The result shows that the TPavg result (red curve) shows a distinct step. Due to the averaging in the range from about -98 dBm / 15 kHz to about -89 dBm / 15 kHz the averaged TP is 75 %. Three curves have full TP, and one curve has no TP. 

The Pavg,reg result shows a green curve of similar shape as the individual curves, and the position is heavily biased towards the outlier. Both of these cases seem to be erratic for the expected performance of the device in real conditions.

The Pavg,inv result shows a purple curve which is again similar in shape to the individual curves. In addition it is much closer to the group of curves. This means that outliers have a much reduced weight for the average which is more realistic.


[image: image6]
Figure 3: Example with outlier curve
Another example in Figure 4 assumes widely separated curve. The red curve of TPavg indicates steps wherever an additional TP curve contributes to the average. The green curve of Pavg,reg is biased towards high power levels. Only the purple curve of Pavg,inv seems to represent a realistic result.
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Figure 4: Example with widely separated curves
In summary we conclude that only Pavg,inv gives results which are useful for averaging TP curves. For the rest of this section we therefore only consider that quantity Pavg,inv.

3.4 Truncation and capping

According to the round robin test prescriptions the TP curves are only available in the range from 70 % to 100 % of nominal TP. Usually the last value taken is below 70 % of nominal TP, but it may be anywhere between 0 % and 70 %.

When averaging power for given values of TP, the question of the region below 70 % TP is not so relevant. It is quite natural that also for the average the region between 70 % and 100 % of nominal TP will be of interest. Nevertheless, in order to be able to draw full curves of Pavg,inv, we suggest to follow the recommendation of [1] to set TP=0 for all power levels where no data beyond the lowest TP value are recorded. In practice this means to use the power level of the last point measured, even for all TP values lower than the one recorded last.

There are also cases where nominal TP could not be reached, and in unfavorable conditions sometimes there is no TP at all or very little TP, even for high power levels.

Figure 5 shows such a case. Only two of the four assumed TP curves are reaching nominal TP (curve 2 and 4). Curve 3 reaches 32 Mbit/s. Curve 1 only reaches 18.5 Mbit/s. The first step is now assuming that for all TP values above the highest one recorded, the power level corresponds exactly to this power, even for higher TP values. We call this step “capping” of the TP curve, and it is indicated by the dashed line for curves 1 and 3. The assumption of course is not correct since the curve simply does not reach the TP value, even for much higher power levels.

Applying the above assumption puts an increased uncertainty to the average values in the high TP regime. It is not an uncertainty we can quantify, but rather a question mark without answer. In order to limit this effect, we propose a second step. In this step we also truncate the average curve so that it ends at a TP value lower than nominal TP, and to calculate this limit we average all TP values reached over all curves. This reduced individual TP average is indicated in Figure 5 as a green dotted line at 30.3 Mbit/s, and the resulting Pavg,inv curve is shown in bold green. In consequence a capped average curve highlights the fact that not all summed TP curves reach nominal TP.
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Figure 5: Capping when not reaching nominal TP
An additional question is the treatment of curves not even reaching 70 % of nominal TP. In the example above, there had been no special treatment to curve 1 except capping it. It also would be possible or even reasonable to exclude such curves from the process of calculating the average of individual maximal TP values. For calculating the average, such a curve then should not contribute at all, i.e. be taken with an assumed infinite power level. Since the inverse of the power is included in the formula above, this will be a null in the summation. In consequence an extension of the averaged curve to higher TP values would be achieved.
4 Results from the decomposition method
4.1 Data taken

The following figures show data taken during the phase 2 round robin test. An HTC phone was measured for different orientations of the device, and for the three reference antennas: good, nominal, bad. 
In total 128 constellations were applied during one test, each constellation consisting of a specific set for the two elevations of the test antennas, the polarizations involved, and the azimuth turntable position. The averaging of the resulting 128 TP curves then was performed for the three methods described in sections 3.1 and 3.2.

4.2 
Results

Figure 6 shows the resulting averaged curves analyzed with the TP averaging method of section 3.1.
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Figure 6: Round robin results with averages based on throughput
The observations for this averaging method are:

· There is little variation between different UE orientations.

· There is a clear distinction between good, nominal and bad reference antennas.

· As seen for the bad antenna results, not all constellations achieve nominal TP, especially in the vertical orientation.

Figure 7 shows the resulting averaged curves analyzed with the power averaging method of section 3.2, summing regular power terms.


[image: image10]
Figure 7: Round robin results with averages based on downlink power, regular sum
The observations for this averaging method are:

· A very distinct variation between the different UE orientations is seen which is caused by the outliers.

· The distinction between good, nominal and bad reference antennas is impossible.

· This averaging method has to be discarded, as we already concluded in section 3.3.


Figure 8 shows the resulting averaged curves analyzed with the power averaging method of section 3.2. This time the inverse power was summed. 

[image: image11]
Figure 8: Round robin results with averages based on downlink power, inverse sum
The observations for this averaging method are:

· There is very little variation between different UE orientations.

· There is an excellent distinction between good, nominal and bad reference antennas.

· As seen for the bad antenna results, not all constellations achieve nominal TP, especially in the vertical orientation.
5 Conclusions
Various methods for averaging TP curves were presented and compared. We also presented results from measurements using the decomposition method and applying different averaging formulas.

We would like to ask the group for consensus on the following proposal:

· If several TP curves have to be averaged, calculate the average according to the formula


[image: image12.wmf](

)

(

)

å

=

=

N

n

n

inv

avg

y

P

N

y

P

1

,

1


· A reverse interpolation of the TP curve has to be made in order to evaluate power levels for arbitrary TP values.
· In the case that a curve was not recorded down to 0 % TP, extrapolate it from the point taken with lowest TP to TP = 0 using the same power level.
· If a curve did not reach nominal TP, extrapolate it in a way that it would reach nominal TP at the lowest power level where it was reaching its individual maximum TP value.

· If a curve did not even reach 70 % of nominal TP, do not use it in the averaging process; however, do not change the value N in the formula above.

· Calculate the average TP curve only up to a TP value which equals to the average of all individual maximum TP values. Curves not reaching 70 % of nominal TP are not considered in this calculation of the average.
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