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1. Introduction
During the MOSG reference antenna testing activity outlined in [1], some labs have reported issues with obtaining meaningful results when using channel models that give a high base station antenna correlation. Other labs have reported that uncorrelated base station antennas have been used with the same channel models.

This document clarifies the resulting base station antenna correlation for the combination of the SCME UMi or UMa channel model and the base station antenna configuration defined in the CTIA MOSG test plan [1]. It also shows examples of how the correlation affects the measured throughput performance of the CTIA reference units.
2. Base Station Antenna Correlation for the SCME UMi and UMa Channel Models

In [1] the SCME urban micro (UMi) and urban macro (UMa) channel models are defined. Also, [1] specifies the emulated base station antenna configuration to be used for the MOSG reference antenna testing activity, which is defined to be a 45 degree slanted “X” configuration. The base station antenna configuration, together with channel model parameters like the angle of departure, will determine the correlation on the transmitting side (base station antennas). Similarly, the correlation on the receiving side will be determined by the DUT antenna pattern and channel model parameters like the angle of arrival. If the correlation between transmit antennas and receive antennas are assumed to be independent, the overall correlation of the channel will be the Kronecker product between the correlation matrixes of the transmitting and the receiving side.

The base station antenna correlation was measured by Spirent for the SCME UMi and UMa channel models, using the definition and baste station antenna configuration given in [1]. It was found that for the UMi channel model that the base station antenna correlation was 82% for the V component and -70% for the H component. These two correlations will offset each other, which will result in a very low net value. For the UMa channel model, however, the V component is about 99% correlated and the H component is about 64% correlated, which will results in a net correlation of about 95%.
3. Base Station Correlation and Resulting Data Throughput Performance

In order to understand the impact of base station antenna correlation on data throughput performance for MIMO devices, conducted measurements were performed on two CTIA reference units. The setup used for these measurements can be studied in Figure 1.
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Figure 1   Schematic figure of the setup for the conducted measurements.
An eNodeB was connected to the channel emulator, which in turn was connected to the DUT placed inside a shielded box. The channel models programmed to the channel emulator were the SCME UMi and UMa channel models, as specified in [1]. Also, the channel emulator was setup with the base station antenna configuration described in [1]. All measurements were performed with adding AWGN to the signal after the fading, in order to achieve specified SNR conditions. All settings aligned with the MOSG test plan [1].

In addition to the channel model definition and base station antenna configuration specified in [1], measurements were also performed with parallel base station antennas with a 10 lambda separation, as well as with disabled cross-coupling between the two signal paths. Both of these cases will produce lower base station antenna correlation.

Further details about the reference units and measurement setup used are given in [2].

3.1 Conducted Measurement Results

The results from the measurements described above can be studied in Figure 2 to Figure 6. Figure 2 shows the results from conducted measurements on the HTC device, using the UMi and UMa channel models and the base station antenna configuration as defined in [1]. It can be observed that the results for the UMa channel model does not reach maximum throughput even at high SNR values. For one measurement only a very low throughput value was obtained.

The result in Figure 3 is obtained from measurements where parallel dipoles were used as base station antennas. This will produce a lower correlation. As can be seen in this figure, this improves the measured throughput performance. The same is observed for the case with disabled cross-coupling (Figure 4).

Figure 5 and Figure 6 shows results from similar measurements on the Samsung unit. The same behaviour is observed for this device.
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Figure 2   Comparison of conducted results for OLSM 64-QAM between UMi and UMa channel models for the HTC unit. 
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Figure 3   Comparison of conducted results for OLSM 64-QAM between UMi and UMa channel models for the HTC unit, using parallel base station antennas. The base station antenna spacing is 10 lambda.

[image: image4.png]Throughput [kBit/s]

35000

30000

25000

20000

15000

10000

5000

HTC, OLSM, R.35, Cross-Coupling Off

=0—HTCUmi-No1l
== HTC Umi- No 2

=&~ HTCUma-No 1

=®—HTCUma-No?2

5 10 15 20 25 30 35
SNR(dB)





Figure 4   Comparison of conducted results for OLSM 64-QAM between UMi and UMa channel models for the HTC unit, using no cross-coupling.
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Figure 5   Comparison of conducted results for OLSM 64-QAM between UMi and UMa channel models for the Samsung unit. 
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Figure 6   Comparison of conducted results for OLSM 64-QAM between UMi and UMa channel models for the Samsung unit using parallel base station antennas. The base station antenna separation is 10 lambda.

4. Conclusions
This contribution shows that the combination of the SCME UMa channel model and base station antenna configuration specified in the MOSG test plan [1] inherently gives high base station antenna correlation. This was verified by measurements. It also shows how the throughput performance of the CTIA reference units is affected by this correlation. It can be concluded from conducted measurements on these units that no or very low throughput is obtained for most cases when using the UMa channel model. The throughput performance also seems to be unstable. When lowering the correlation (by changing the base station antenna configuration or removing the cross-coupling), maximum throughput can be achieved and the performance becomes more reliable.

Based on the findings in this study it might be a better approach to use uncorrelated base station antennas, in order to reduce measurement uncertainty. Some labs also have reported that they used uncorrelated base station antennas during the measurement campaign. However, the group then needs to clearly define in the test plan how to achieve this, since the current combination of channel models and base station antenna configuration inherently produces correlated base station antennas. 

Finally, since the base station antenna correlation has been observed to be very important, it is also proposed that a verification procedure is introduced, which verifies the correlation on the transmit side.
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