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1 Abstract
Some analysis was performed resulting in a recommendation for the number of subframes required per step for recording throughput curves.
2 Introduction
In order to optimize the speed of the radiated MIMO measurements in the two-channel method, we have performed some investigations. Taking measurements in different antenna performance regimes with varying number of subframes per throughput (TP) measurement allows us to recommend an optimum number of subframes.
3 Test conditions
3.1 Test method and setup
The decomposition approach and the two-channel method were described in detail earlier [1]. Also the constellations with their θ, φ and polarization details for the two test antennas are given in [1].
3.2 Test parameters
In normal measurements TP curves are taken for a set of constellations, each with its defined geometry parameters consisting of elevation values for each of the two antennas, their respective polarizations, and the azimuth of the turntable. Averaging the values for all constellations gives the final curve.

Please remember that in the decomposition approach, the radiated measurement with the two-channel method is taken without applying a channel model or additional fading by a fading emulator. Each test antenna is radiating one of the two MIMO data streams delivered by the eNB emulator.
The settings for the test were much in line with CTIA’s IL/IT test campaign [2]. R.35 was the FRC, the Identity matrix was used, and no temporal fading was applied. The HTC Rezound from the IL/IT campaign was placed in the good band 13 reference antenna and placed horizontally on the turntable. No AWGN was applied; therefore the TP curves are recorded as function of RS EPRE.
3.3 Selecting individual constellations and subframe numbers
For this investigation we were choosing three different constellations and evaluated the TP curve per constellation. Repeating the measurement with another number of subframes used for the TP evaluation, we obtained series of curves.

The number of subframes used was varied between 100, 200, 400, 1000, 2000, 4000 and 8000.
4 Measurement results
In order to be able to easily compare the figures, we have set the span on the horizontal axis to 2.5 dB. Please note, however, that the values on the horizontal axis are different.

Figure 1 shows the results for one of the best points on the reference antenna performance. Both test antennas are using the same vertical polarization, the θ values are 76 and 119 degrees with the second antenna being in the other hemisphere of the chamber, and the φ value was 185 degrees. This corresponds to constellation index 74 in section 6.2 of [1].
Differences between measurements with few subframes per point and the measurements with many subframes per point are very small. The maximum spread is 0.1 dB.
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Figure 1: TP curves at a first constellation
The second constellation chosen corresponds to a more typical performance. The two test antennas have θ values of 78 and 87 degrees, again the second antenna being in the other hemisphere. The value for φ is 145 degrees, and both antennas use horizontal polarization. This corresponds to constellation index 5 in section 6.2 of [1]. 

Again the maximum spread between curves using many subframes and the ones using few subframes is better than 0.1 dB. 
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Figure 2: TP curves at a second constellation
The third constellation chosen is one with rather bad performance. The θ values are 34 and 22 degrees with both antennas in the same hemisphere, i.e. the angles of arrival as seen from the UE are rather close together. The φ value is 200 degrees, and the test antennas use orthogonal polarizations. This corresponds to constellation index 52 in section 6.2 of [1]. 
This constellation results in rather bad performance, the RS EPRE being even higher than -89 dBm / 15 kHz. The curves are not so smooth, but still differences between the curves of small or large number of subframes are not significant. Especially at high TP values the curves flatten out since for such an unfavorable constellation maximum TP is difficult to achieve. Where the TP is about 50 % of maximum TP, the difference is up to 0.2 dB.
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Figure 3: TP curves at a third constellation

Looking at the power levels where around 50 % of maximum TP are obtained, the very good antenna performance for the constellation with index 74 corresponds to ‑111.2 dBm / 15 kHz. The mid-range antenna performance for the constellation with index 5 corresponds to ‑99.0 dBm / 15 kHz. The bad antenna performance for the constellation with index 52 corresponds to ‑88.7 dBm / 15 kHz. In total these three constellations give a spread of 22.5 dB.

5 Conclusions
The investigation taking radiated measurements in the two-channel method without additional channel fading and varying the number of subframes per throughput (TP) point shows that there is negligible influence on the results for changes in the number of subframes between 100 and 8000. We recommend to use 400 subframes for the majority of test points, but to decrease the number of subframes even further to 100 subframes for the parts of the measurement where at least 95 % of maximum TP is achieved. 

Test times for a radiated test including 128 constellations and 0.5 dB steps in downlink power are around 90 minutes.

For conducted measurements with channel models applied by using a fading emulator, the number has to be larger and will typically be 20000 subframes, as recommended also in Table 7.1-1 of [3]. Again, for the power levels where more than 95 % of TP are obtained, a smaller number of subframes will be adequate, and we recommend using 1000 subframes for these measurements.
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