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1 Introduction

The purpose of this contribution is to discuss how the radio channel model simplifications affect the integrity of reported DUT performance results in MIMO OTA system. This contribution is based mainly on [1]. The SCME Urban micro TDL model described in [2] was used in this evaluation. The MIMO OTA system is depicted in Figure 1.
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Figure 1. MIMO OTA Test System
2 Experimental set-up

The measurement setup follows the configuration illustrated in Figure 1 with one minor exception. The BS and DUT used is an experimental radio link system implemented on a wireless algorithm prototyping platform (RACE-emulator) described in the following sub-section. 
The DUT and performance monitoring

The BS and DUT used in this measurement were implemented on Elektrobit’s wireless prototyping platform (RACE). The RACE emulator, illustrated in Figure 2, integrates Matlab® simulation with HW baseband and RF processing. As illustrated in Figure 2, the signal to transmit is generated in Matlab® and transferred to the RACE HW. The baseband signal is then upsampled and upconverted to RF and transmitted over the radio link. The received RF signal is downconverted, downsampled to baseband, and stored in the RACE receive sample buffer. Upon transfer to PC the signal receive processing is executed in Matlab®. 
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Figure 2. RACE Emulator HW and Functional block diagram.

The signal used in this measurement setup was a 10MHz OFDM 2x2 adaptive MIMO signal at 2.4GHz RF carrier. The pre-coded transmitted signal MCS and power-loading is adapted based on CSI information. The CSI information obtained in this case exploits the assumption of channel reciprocity in a TDD system.

The laboratory set-up

The tests were run in an anechoic chamber manufactured by ETS-Lindgren. The DUT antennas were placed in the center of a ring of equally spaced OTA antennas as illustrated in Figure 3. Only the DUT antennas were in the chamber (antennas are AV1433-2450FN1), the actual device was outside of the chamber. The fading emulator used in this test was EB Propsim C8 radio channel emulator. To compensate the path loss in the chamber, 30dB amplifiers were located between the radio channel emulator outputs and the OTA chamber antennas.
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Figure 3. The anechoic chamber antenna setup.

Channel Models

In this investigation we start with the SCME Urban Micro TDL model in its full specification (referred to as original). From this model we made three simplified representations. The first simplification was to remove the delay spread completely (noDS). This can be thought of as an approximation of a reverberation chamber setup where delay spread is very short. The second channel model representation restricted the angular spread to similar as in the single cluster model (oneAS). In this representation the nominal angle of arrival from all model clusters was rotated to the broadside. This simplifies the OTA test setup by reducing the number of required antennas in the anechoic chamber. The third channel model representation simplified both the delay spread and the angular spread in the same fashion as the individual representations (oneAS/noDS). This simplified representation naturally includes the features of both the above mentioned scenarios.

Results

Figure 4 shows the results of selected measurement comparing the throughput vs. SNR for the four channel model representations. Recall that we are interested in the integrity of the measured performance results when simplifying the channel model. In this light the original representation is the baseline to which we should compare the other results. As mentioned in section 2.3 the simplified model representations are: oneAS, noDS, and oneAS/noDS.
The immediate conclusion from Figure 4 is that there is considerable difference in the measured results across the channel model representations. The adaptive MIMO system we used behaves poorly when the channel frequency response is flat, i.e. no delay spread available. This follows the natural assumption that spatial multiplexing requires a rich scattering environment. When we have the spatial diversity, the performance clearly improves. And when we have both, frequency and angular diversity, the performance of the MIMO system is the best. In this case the simplifications skew the results in a pessimistic direction which can cause over-design that will result in a solution that is far from optimal. 
A somewhat smaller performance gap is present when the delay spread is preserved but the nominal angle of arrival is reduced to zero. In this case the rich scattering environment is less compromised and MIMO performance is closer to the true performance. However the difference is this case is still unacceptably high, between two and three decibels.

We must emphasize that these measurement results do not implicate that the most difficult radio channel condition is the case, when the delay spread is missing. This is only a property of spatial multiplexing MIMO which was used here. The emphasis here is that the channel model simplifications considerably affect the integrity (or authenticity) of the measured performance results. Thus we must be very careful selecting and simplifying the radio channel model for MIMO OTA testing.
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Figure 4. The throughput results in selected case. (Original = SCME Urban Micro TDL). DUT Antenna separation is ½-lambda.
As side note we could state that the noDS case corresponds to a small reverberation chamber modeling approach. As in the noDS case we have all the reflections in the same delay position, yet the angular spread exists. Clearly, the throughput results differ and they can not be directly compared with MIMO OTA based on radio channel emulator and anechoic chamber. Also, the oneAS case refers to the measurement setup with too few antennas in OTA chamber (i.e. capability to create spreads is limited, e.g., so-called single cluster model). Also in this case there is a significant difference.  It is worth noting that the impact of simplification depends also on the DUT.
3 Conclusion
In this contribution we discussed the impact of channel model simplification on the performance of a MIMO device in Over-the-Air testing. We observed that different simplifications of the channel model have a visible and clear impact on the reported throughput performance results. The original model can be considered as the most accurate description of the propagation environment and thus we should not use any simplifying modifications of models.

Also, the results obtained from various proposed test systems (such as reverberation chamber and a method based on anechoic chamber) can not be compared in straightforward manner. This is demonstrated by the differences in no delay spread and in limited angular spread cases.
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