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1 Abstract
We present a first set of data taken for phase 3 of CTIA’s IL/IT campaign using the decomposition method.
2 Introduction

The decomposition method has been presented earlier [1]. Measurement results of a previous CTIA round robin test campaign [2] using reference antennas were shown in [3]. The phase 3 IL/IT test campaign of CTIA [4] is now using the built-in antennas of different devices. One device is a Samsung Galaxy S4 smartphone for band 2, another one is a Motorola XT1080 smartphone for band 13.

Results for different parameters are presented. Channel models UMi and UMa are used, throughput (TP) is recorded as function of RS EPRE (downlink (DL) power) or of signal-to-interference ratio (SIR), transmission modes TM2 (transmit diversity (TD)) or TM3 (open loop spatial multiplexing (OLSM)) were used together with either QPSK or 64QAM modulations.
In order to assess the radiated performance of the MIMO antenna system in 3D, the UE shall be tested for a set of antenna constellations uniformly covering the sphere and generating a wide variety of AoAs. In the radiated test the constellations are categorized as spatial constellations, i.e, the azimuth orientation of the UE and the elevation positions of the two DL antennas and as polarization constellations, i.e., the set of polarizations of the DL antennas used to transmit the LTE MIMO streams. Details about the constellations can be found in [1].
For each constellation, a curve of TP as a function of DL power level is recorded. After having recorded the curves for all 128 constellations, an average of all curves is determined that represents the FOM for the MIMO antenna subsystem performance for a complete set of 3D AoAs. 

The averaged curve is obtained using the following formula:
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where the sum is taken over N different conditions under which TP curves were taken, and for a set of values y of throughput. The subscript “inv” is used to indicate that the inverse sum of power values is used.
For the formula above 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. Since the curves were recorded by measuring TP as function of power, this step requires interpolation of measurements.


To determine the throughput results for the overall MIMO device performance, the following key measurements are needed:

· Baseline: the conducted measurement with channel model of the identity matrix

· Conducted: the conducted measurement with the real-world channel model

· Radiated: the average of the radiated measurements for a set of antenna constellations

From these measurements, the receiver MIMO efficiency and the antenna MIMO efficiency are determined. The relative FOM for the UE MIMO performance is subsequently defined as the UE MIMO efficiency that is the sum of the receiver and antenna MIMO efficiencies. By adding this efficiency to the baseline throughput curve, the absolute FOM for the UE MIMO performance, i.e., decomposed curve of TP as a function of DL power level, can be obtained.

3 CTIA round robin test campaign
3.1 Setup and parameters
The measurements were performed as part of the Inter-Lab/Inter-Technique OTA Performance Comparison Testing of CTIA [4]. Each test was repeated three times, and we report here the results of each run.
The orientation of the devices is following the coordinate system definition as shown in Figure 1.
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Figure 1: Coordinate system for smartphone
Tests were made for TM3 = OLSM with the R.35 channel (64QAM) reaching a nominal maximum TP of 35.424 Mbit/s, and for TM2 = TD with QPSK resulting in a maximum TP of 3.9528 Mbit/s.

Leveling was done by adjusting the power level of RS EPRE or by adjusting SIR (AWGN on). Results for the latter are only partly included in this document since the measurements were not completed by the time of uploading the document.
3.2 Conducted test results
Conducted measurements were performed with the identity static channel matrix without fading or with UMi or UMa channel models.

Constant channel parameters of CM = Identity allow reduction of minimum number of subframes for throughput evaluation, e.g., throughput was measured over 400 and 20,000 subframes using identity and fading channel models respectively.

The conducted test results are presented in the following figures. Effects of the results on the number of subframes taken (with Identity matrix) are not included in the figures since the resulting curves are so close to each other.
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Figure 2: Conducted curves, no channel model, TM3 R.35
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Figure 3: Conducted curves, UMa channel model, TM3 R.35
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Figure 4: Conducted curves, UMi channel model, TM3 R.35
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Figure 5: Conducted curves, no channel model, TM3 R.35, SIR
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Figure 6: Conducted curves, UMa channel model, TM3 R.35, SIR
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Figure 7: Conducted curves, UMa channel model, TM3 R.35, SIR
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Figure 8: Conducted curves, no channel model, TM2 QPSK
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Figure 9: Conducted curves, UMa channel model, TM2 QPSK
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Figure 10: Conducted curves, UMi channel model, TM2 QPSK

3.3 Radiated test results
Radiated tests were performed using the 128 constellations. The results are presented in the following figures. 
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Figure 11: Radiated curves, TM3 R.35
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Figure 12: Radiated curves, TM2 QPSK
3.4 Decomposition test results
Finally the following figures show examples of the decomposed curves of throughput vs. DL power for the channel models UMi and UMa, just picking one test out of each threefold repeated test. 
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Figure 13: Throughput curves (decomposition method) for UMi MC/A channel model
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Figure 14: Throughput curves (decomposition method) for UMa MC/B channel model

4 Conclusions

The presented decomposition method results of the phase 3 measurement campaign show the following:

· There is a clear difference between conducted UMi and UMa results of the two devices of around 3 dB to 4 dB for R.35, both with and without AWGN. 

· There is a noticeable difference between the two devices for UMa when leveling for SIR. 

· With TM2 there is no difference observed between UMi and UMa.
· In the radiated measurements the two devices separate by 3.1 dB for TM3, but only by 1.1 dB and less repeatable results for TM2.

More data are taken currently and will be available in a subsequent paper.
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