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1. Introduction
At the 3GPP meetings in Fukuoka [1] and Barcelona [2] in 2013, it was agreed that the candidate methodologies Anechoic Multiprobe (AC) and Reverberation Chamber using NIST (RC) fulfilled the ABCD (A: Channel model verification, B: Absolute data throughput framework, C: IL/IT results consistency, D: Uncertainty evaluation) set of pre-requisites, required before they can be considered approved as final selected methodologies for inclusion in 3GPP TR37.977. At the 3GPP Barcelona meeting [2], some companies indicated further harmonization across these two methods fulfilling ABCD was needed. According to the latest MIMO OTA Way Forward agreed during 3GPP Plenary Meeting in Porto [3], further harmonization of the 2 above methods in order to avoid differences between these 2 methodologies in the decision of what is a “good” or “bad” device from the radiated receiver performance perspective was agreed to be performed.

The objective of this contribution is to present a new calibration method for RC which provides results that give the same absolute data throughput results for MIMO Throughput Sensitivity (MTS) of AC Multiprobe UMI tests and RC and therefore the same decision of what is a “good” or “bad” device from the radiated receiver performance perspective, given the agreed baseline criteria for assessment.
This work was performed in co-operation with EMITE, a manufacturer of mode-stirred reverberation chamber.
2. Devices and setups used for harmonization
Two different LTE devices supplied by NTT DoCoMo (UE A and UE B), both operating at LTE FDD Band 1, were used for the harmonization study. At the time of the tests, neither NTT DoCoMo nor EMITE had received the CTIA reference devices to be employed for testing in stage 3 CTIA round robin tests campaign.
The two different LTE devices from NTT DoCoMo (DUT A and DUT B) were tested using an anechoic chamber Multiprobe test system (AC Multiprobe) with UMI channel model at NTT DoCoMo laboratory in Tokyo, Japan, and the E400 mode-stirred reverberation chamber test system (RC) with untuned NIST channel model at EMITE in Murcia, Spain. In order to reproduce the UMI channel model at the AC Multiprobe test system, an Anite Propsim F32 Channel Emulator was employed. Likewise, calibration of the AC Multiprobe test system was performed following Option 2 in figure 1 below, in which V and H plane measurement are performed separately. In the AC measurements, XPR was set to 9dB and the agreed antenna pattern supplied by SATIMO was used. The channel model injected at the channel emulator was provided by Anite.
To minimise uncertainties in the harmonisation study respect to eNodeB brand or settings, an Anritsu MT8820C was used at both labs, with exactly the same eNodeB settings. The test system description for each lab and the eNodeB settings employed at both labs are reproduced in Table 1 below. Tests were performed at 16QAM downlink modulation scheme with an MCS of 14 and 64QAM downlink modulation scheme with an MCS of 26. At both test labs, maximum theoretical throughputs of 23.328 kbps and 55.037 kbps were reported for 16QAM DL MCS and 64QAM DL MCS, respectively, for the two DUTs, which were considered 100% throughput for each modulation test.
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Figure 1. Calibration options for AC Multiprobe. Option 2 was used for the harmonization study.
The E400 MIMO Analyzer mode-stirred reverberation chamber is a multiple-cavity chamber with 9 transmitting antennas, 25 coupling slots, three mode-stirrers and a turn table. The Root Mean Square Delay Spread (RMS DS) was not tuned for the harmonization study in accordance to the new calibration method described in the next section. Testing using the E400 RC was performed with step-wise stirring, wherein the throughput was sampled at each fixed stirrer position, turn-table position and source antenna to avoid any Doppler shift, with both source and mode-stirring enabled. The Accurate measurement mode in E400 was employed. This implies a total of 8 source antennas, 15 different stirring positions and 25 different coupling slots, leading to a total of 3000 samples per frequency point and stirring sequence, with a total of 240000 subframes per power level. The linear averaging procedure for throughput using zero-padding was employed in post-processing. During measurements, a 10% cap for throughput was used to avoid device disconnections from the test network and ensure a smooth and non-stop measurement process.
Table 1.Test system description and settings used for the harmonization study.
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3. New RC calibration method

Typical micro-cellular path loss models differentiate between Line of Sight (LoS) and Non Line of Sight (NLoS) using a two-dimensional layout. To date, no study about the differences in path loss between 2D anechoic chamber based and 3D reverberation chamber based MIMO OTA test methods has been performed at 3GPP. Path loss, however, plays an important role on capacity and BER of receivers, and therefore on final measured throughput for any test method. In accordance to existing calibration documents at 3GPP for both AC and RC test methods, to our understanding free-space line of sight path loss calibration is used for AC systems while multipath non-line of sight path loss calibration is used for reverberation chambers.
In an effort to study a possible harmonization of results between AC and RC test methods, a new calibration technique was developed and tested. First, in an AC the calibration of V and H polarization was performed following the description named as option 2 in figure 1. In addition, the calibration of the RC was made source antenna dependent. For each source(transmit) antenna within the RC, a reference antenna data (like CTIA reference antennas or a golden device with known TIS/TRP) measurement was employed for calibration. For a predefined number of test runs using the chamber natural untuned NIST channel model (not modified to have an RMS DS of 80ns), each source(transmit) antenna in the RC was given a fixed predefined value for the free-space line of sight (LoS) path loss associated to that antenna and the position of the receiver inside the chamber. Using a well-stirred stirring sequence, the transfer function for that source antenna was measured and added to the free-space LoS path loss so that the result matched the expected result for the reference antenna/golden device under test. The process was repeated for a number of n test runs to account for the statistical chamber deviation and obtain the new transfer function value as the averaged value of all the tests for that particular source(transmit) antenna, and again repeated for all source(transmit) antennas in the RC. A new set of transfer functions GRefi is then obtained with the new calibration for each i source(transmit) antenna. After this new calibration is performed, any DUT can then be measured using the calibrated GRefi for each source(antenna) each time that transmit antenna is used during measurements to compose the final averaged results of the RC.
The new proposed calibration procedure is applied before DUT measurement data collection, and hence helps reducing the differences in unequal channel gains and phases between the transmit antenna in the RC/AC and the receiver at the DUT. This in fact recalibrates the transfer matrix H, and therefore the more source antennas are employed in this recalibration and the larger number of test runs, the more accurate this calibration method for harmonization will be. Alternatively, the calibration coefficients obtained could also be applied during the raw-data post-processing when all partial measurement data subsets are recorded. In some ways, this method can be understood as a channel matrix normalization technique as the new entries in the channel matrix are not equally distributed. Some efforts aimed to adapt the channel model to path loss variations and investigate its effect on the capacity and on the performance of the MIMO systems or to redefine the path loss model to more accurately predict LTE MIMO throughput measured results in drive tests can be found in the literature [4-5].
4. Harmonization analysis

The throughput (%) results for the two test methodologies using the new calibration are illustrated in figure 2 below. At the 3GPP Barcelona MIMO OTA ad-hoc meeting minutes [6], which were approved at the plenary, a MIMO Throughput Sensitivity (MTS) value of 70% of maximum theoretical throughput was agreed by RAN4 as the level to be used for comparison between lab results. The MTS value defined as 70% of maximum throughput was extracted for AC Multiprobe and RC NIST and for all tests, and it is reproduced in Table 2 below.
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Figure 2. Throughput test results for the AC Multiprobe-RC NIST harmonization study.
Table 2. MTS (70% max throughput) for all test results.
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Respect to the decision of what is a “good” or “bad” device from the radiated receiver performance perspective, it is observed from Table 2 and figure 2 above that both test method provide the same decision with a maximum standard deviation of 0.86 dB. In addition, this is done using the same absolute data throughput values as results for the first time using two different test methodologies. A graphic analysis of these small deviations is displayed in figure 3.
Thus, the maximum deviation value of 0.86 dB is found to conform to the [+-2. 3] dB value employed at the 3GPP Barcelona meeting [7] as the baseline criteria used for consistency analysis in ABCD assessment.
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Figure 3. Harmonization analysis of reported test data for AC Multiprobe and RC NIST.
5. Conclusions

When employing the new calibration techniques proposed in this contribution, results obtained for two different LTE devices with AC Multiprobe and RC candidate methodologies already agreed to fulfil ABCD have shown that they lead to both the same absolute data throughput values and the same decision on what is a “good” or “bad” device from the radiated receiver performance perspective, given the [+-2. 3] dB value employed at the 3GPP Barcelona meeting [7] as the baseline criteria used for consistency analysis in ABCD assessment.

Based on the new proposed calibration techniques, given the agreed baseline criteria for assessment, it can be considered that the candidate methodologies AC Multiprobe and RC are harmonized respect to providing the same decision of what is a “good” or “bad” device from the radiated receiver performance perspective. Thus, it is interesting to further consider the new calibration method proposed in this contribution in the standardization process.
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