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1. Introduction
Conducted channel models for the isotropic environment are discussed. It is shown how the complex antenna patterns of the device under test (DUT) determine the parameters needed by a correlation-based channel emulator to reproduce the conditions in a reverberation chamber. Radiated test results are compared to conducted test results obtained with the correlation-based model. This contribution is aimed specifically at the absolute data throughput framework [1]. 
2. Background
The absolute data throughput framework [1; Section 9.3.1] describes a conducted evaluation of the DUT that matches the radiated evaluation of the DUT. Naturally, the real DUT antenna patterns play a central role in setting up the conducted evaluation. The present contribution describes a correlation-based model for the conducted evaluation in the absolute data throughput framework for the isotropic environment. 
SCME UMa and UMi are specified in [2] for testing MIMO devices. These models employ a 2D geometry with signals emerging from a number of clusters located on a ring surrounding the DUT [2].  A wide range of Doppler characteristics and power-delay profiles ensure that that challenging channel conditions can be created.  Testing with less stressful channel models will not always show the difference in performance between devices. Therefore, it is beneficial to keep the temporal characteristics of SCME models even when one deviates from the 2D test configuration. 

The isotropic environment represents a very attractive 3D test configuration where at any given instant the DUT sees signals from a set of discrete directions distributed over a sphere. At the next instant, the amplitudes and phases of these signals (plane waves) have changed. Isotropy is achieved after the DUT has “seen” a series of such plane-wave states. The reverberation chamber [3] is the most common tool for implementing an isotropic test environment. One can combine the SCME models with the 3D isotropic environment to obtain a 3D channel model with challenging spatial and temporal characteristics.
In the present contribution we demonstrate how this combined channel can be represented by a correlation-based channel model with DUT antenna correlation obtained from the complex antenna patterns of the DUT. Moreover, we verify that radiated test results obtained in a reverberation chamber agree with conducted test results obtained with the correlation-based channel model. 
3. Correlation-based model for the conducted experiment
We next describe a correlation-based channel model for a conducted experiment that replicates the OTA channel conditions in an isotropic environment. A correlation-based channel emulator requires the correlations of the base station and DUT antennas. Since the DUT antennas are in an isotropic environment we need to supply the isotropic DUT correlation to the channel emulator. Assume that the DUT employs an antenna array with two elements. It is shown in [4] and experimentally verified in [5] that the isotropic correlation is equal to the classical correlation 
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where                and                are the complex antenna patterns of the DUT antennas, which as usual include any phase factors due to geometrical offset from the origin. The integrals in the expression for the correlation are discretized in the usual way so that they may be expressed in terms of sampled values of the DUT antenna patterns over the entire sphere. The reader can find a detailed description in [6] on how to compute the correlation from sampled DUT antenna data. The correlations are −0.0381+0.0009i, −0.5749−0.0054i, and −0.9042+0.0172i, for the Good, Nominal, and Bad band 13 CTIA reference antenna, respectively [6]. 
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Figure 1: Schematic for performing a conducted experiment that replicates an isotropic model based on SCME. The radiated environment corresponding to this conducted test typically involves a reverberation chamber connected to a channel emulator.
Hence, the conducted experiment is performed as shown in Figure 1 with the DUT connected directly to the channel emulator and the channel emulator programmed with the DUT correlation given by the equation above in terms for the complex antenna patterns of the DUT antennas. If needed, antenna efficiency and gain imbalance can be taken into account by scaling the DUT outputs in the conducted experiment. 
4. Experimental results with CTIA reference antennas 
We next present experimental results [7] obtained with the CTIA reference devices operating in band 13 using QAM16. A UMa channel model is broadcast into a reverberation chamber according to test-plan specifications [8].  
Figure 2 shows throughput (Mbps) vs SNR (dB) for radiated and conducted tests involving the Good and Bad CTIA reference devices. Each point on the curves was obtained as an average over 50k subframes corresponding 50 seconds. The turntable and stirrer speed was set to 6 RPM to ensure that the Doppler induced by the chamber is one tenth of the Doppler in the UMa. With the chamber loaded to 30ns RMS delay and the turntable and stirrer rotating at 6 RPM, the temporal channel conditions in the chamber are determined by the UMa model. Isotropy is achieved after one full rotation of the turntable and stirrer, and therefore easily achieved during the 50 second time period that corresponds to 5 full rotations. We note from Figure 2 that the radiated and conducted tests results agree.
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Figure 2: Throughput test results using the Good and Bad reference devices obtained in a reverberation chamber and obtained from a conducted experiment [7]. The results were obtained with the CTIA reference devices operating in band 13 using QAM16 and a UMa channel model according to test-plan specifications [8].
5. Conclusion

We demonstrated how the combined channel conditions obtained by connecting a channel emulator programmed with a SCME channel model to a reverberation chamber can be represented by a correlation-based channel model. The DUT antenna correlation required by this channel model is obtained from the complex antenna patterns of the DUT using a classical correlation formula. Radiated test results were reproduced by conducted test results obtained with the correlation-based channel model. 
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