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1
Background
In this discussion paper, the low band MIMO OTA performance is compared between two commercial UEs utilizing the CTIA MIMO OTA Test Plan SIR-based metric, MARSS, and the 3PP MIMO OTA test methodology UE-noise limited metric, TRMS.
2
Discussion
The CTIA MIMO OTA Test Plan evaluates the UE antenna system and its impact on MIMO demodulation performance. The CTIA test approach is focused on antenna performance with an emphasis on antenna correlation. As MIMO is utilized in areas of a network which are not constrained by the UE noise floor, the CTIA MIMO OTA Test Plan utilizes an SIR-based test since antenna efficiency will not play a significant role in MIMO performance when operating in real deployment scenarios. The automatic gain control on the UE receivers will tend to remove any imbalance due to antenna efficiency differences.

If the antenna system has been designed to allow for proper MIMO demodulation performance in the presence of high transmit side correlation, the CTIA MIMO OTA test results will approach the modem performance. However, when the antenna system design is not as good, the UE will struggle to meet certain throughput thresholds at different device orientations in the channel. These gaps in performance are the ways that performance deltas are shown in the CTIA MIMO OTA Test Plan.

The existing 3GPP MIMO OTA test approach also includes antenna efficiency since the UE is tested in a noise-limited environment. In this scenario, the imbalance due to antenna efficiencies will not be able to be removed near the UE noise floor without causing an imbalance in the perceived SNR at the modem. This scenario can result in the TRMS metric following the same performance trend as seen with the TRS metric.
Below provides an example where the CTIA OTA Test Plan identifies UE’s with MIMO performance deficiencies. The results are shown in Figures 1 through 3 below.
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Figure 1: UE #1 Band 5 DMP
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Figure 2: UE #2 Band 5 DMP
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Figure 3: UE #2 Band 5 DML – Left Tilt
In the first two figures, one can see that both UEs struggle to meet the 95% throughput threshold in the DMP position at most azimuthal orientations in the channel. UE #1 fails to meet the 70% throughput threshold in DMP when positioned at 330 degrees within the channel.

However, UE #2 when positioned in the DML – Left Tilt configuration meets the 95% throughput threshold while UE #1 was not able to meet it. This demonstrates that the device orientation in the channel can produce significant performance differences when utilizing the CTIA MIMO OTA Test Plan due to the deltas in the receive side antenna correlation of the UE when positioned differently in a spatial channel.

Table 1 below provides the MARSS results for the UEs in all test configurations.

Table 1: CTIA TM3 MARSS Results
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It is interesting to note that the UEs above showed almost no performance differences when utilizing the 3GPP MIMO OTA test methodology with TM3 as shown in Table 2 below.
Table 2: 3GPP TM3 TRMS and Smode Results
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Also, the performance utilizing the 3GPP methodology with TM2 showed that the performance of the two UEs was similar as shown in Table 3 with an almost fixed offset due to the RMC and transmission mode differences. This not only provides evidence that the antenna efficiencies are similar between the two UEs but it is also evidence that there is no difference in the ability of the test method to discern any appreciable difference in the Rx side correlation of the UEs.
Table 3: 3GPP TM2 TRMS and Smode Results
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