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1. Introduction
A study item of the MIMO OTA testing for multi-antennas mounted on UE/MS [1] is expected to be finalized with the results of the round robin tests, which are performed within the COST2100 SWG2.2 and CTIA ERP group aimed at verifying the validity of the proposed MIMO OTA testing methodologies, for HSPA devices with the receive diversity. We have to note that the round robin tests have been performed using a testing setup with only vertically-polarized probe antennas although the MIMO OTA performance should be evaluated using dual-polarized probe antennas in order to reproduce realistic propagation conditions for the cross polarization ratio of the waves arriving at mobile terminal. Moreover, the round robin tests have been performed using the limited number of spatial channel models as typified by SCME urban micro and urban macro. The reason comes from the fact that the large-scale and complicated testing setup comprising the radio channel emulator with sixteen output ports and eight dual-polarized probe antennas is not commonly available. Therefore, it’s apparently premature to finalize the MIMO OTA discussion based on the test results obtained using testing setup with only vertically-polarized probe antennas that will not reproduce realistic propagation conditions under the limited number of spatial channel models.
In this contribution, we present the SIMO OTA round robin test results obtained by the testing setup comprising the radio channel emulator with sixteen output ports and eight dual-polarized probe antennas under eight spatial channel models specified in the 3GPP TR37.976 [2]. We clarify that the dual-polarized testing setup is indispensable to adequately characterize OTA performance and also clarify that we can utilize the simplified spatial channel models since we don’t have to use advanced and its modified spatial channel models to differentiate good DUT from bad DUT.
2. Testing Conditions
Figure 1 shows the experimental setup that we used in this contribution. Testing configurations are summarized in the table 1. We performed the SIMO OTA testing in the anechoic chamber using eight dual-polarized probe antennas which are connected to the output ports of the radio channel emulators. Please note that probe antennas radiate only vertically-polarized component due to limitations of the number of output ports for the radio channel emulator. Moreover, we employed two types of testing setup comprising different radio channel emulators supplied from different vendors with different types of mapping algorithm. As for the BS emulator, we employed the single equipment of Anritsu MT8820B using the reference measurement channel of H-Set 6 (16QAM). Therefore, we can directly compare the test results obtained using different testing setup using the same DUT under the same testing conditions. 

Table 2 shows the spatial channel models which are employed in this measurement. We employed eight spatial channel models based on the different power angular spectrum (PAS) model with the different power delay profile (PDP) from the TR37.976 [2].
Figure 2 shows the DUTs. We employed three DUTs, DELL E4300, Nokia CS-15 and Huawei K4505.
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Figure 1 Experimental setup
Table 1  Testing configuration
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Table 2  Spatial channel models
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Figure 2 Device under test

3. Test Results
Figure 3 shows the measured OTA throughput corresponding to the channel power for eight types of spatial channel models. The averaged throughput over the azimuth angle is plotted in the Fig.3 as for the anechoic chamber test results. As a commonly observed feature, we find that the throughput is decreased according to the decrease in the channel power. However, it should be noted that there is a large difference between test results of only vertically-polarized testing setup (V) and that of dual-polarized testing setup (V+H). Despite three DUTs resulted in comparable throughput for the dual-polarized testing setup including the reverberation chamber, E4300 resulted in the highest throughput followed by K4505 mean while CS-15 resulted in the lowest throughput over the range of -95 to -70 dBm for the vertically-polarized testing setup. These results clearly indicate that the MIMO OTA testing with only vertically-polarized testing setup never allow us to adequately evaluate the multi-antenna performance.
It is also noteworthy that the spatial channel models which have the same power delay spread do not affect throughput results regardless of the power angular spectrum. For instance, modified WINNER II outdoor to indoor model, EPA uniform and EPA cluster resulted in comparable throughput. Umi cluster, Modified Umi and Umi also resulted in comparable throughput. Therefore, we can conclude that modified or derivative spatial channel models would be unnecessary for the MIMO OTA testing.
Meanwhile, we find that comparative merits and demerits depend on the spatial channel models as for DUTs used in this round robin test. E4300 resulted in throughput comparable to CS-15 and K4505 for the EPA channel models where the delay spread is small, while throughput of E4300 is deteriorated for the Umi and Uma channel models where the delay spread is large. It seems that this result is due to the effect of equalizer as one of the key feature of the advanced receiver for HSPA.
Figure 4 shows the degrading factors of OTA throughput for HSPA and LTE. It is presumed that there are primarily six factors, antenna gain, antenna correlation, delay spread, interference, Rician K-factor and Doppler shift, which affect OTA throughput for HSPA and LTE. We consider that throughput performance for the round robin DUTs is determined primarily by the effect of temporal-domain parameter as typified by the delay spared though it is recognized that the significance of MIMO OTA testing is to consider the spatial-domain parameter as typified by the antenna gain and correlation. We can argue that it is not appropriate to discuss the validity of the proposed MIMO OTA testing methodologies based on the test results for DUTs which are sensitive to temporal-domain parameters. Moreover, we have already clarified that we can differentiate a good DUT from a bad DUT regardless of spatial channel models for real LTE devices [3]. It is also confirmed that LTE device isn’t sensitive to delay spread due to a long cyclic prefiex, which means candidate spatial channel models, EPA, Umi and Uma, for MIMO OTA produce the same results. Therefore, we believe that we can utilize the simplified MIMO OTA methodology in order to establish commonly acceptable and cost-effective MIMO OTA testing setup.
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(a) Results for spatial channel models with small delay spread
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(b) Results for spatial channel models with large delay spread

Figure 3   SIMO OTA throughput test results under eight spatial channel models and

comparison between vertically-polarized testing setup and dual-polarized testing setup
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Figure 4   Degrading factors of OTA throughput for HSPA and LTE
4. Conclusion
In this contribution, we presented the SIMO OTA round robin test results obtained using the testing setup comprising the radio channel emulator with sixteen output ports and eight dual-polarized probe antennas under eight types of spatial channel models specified in 3GPP TR37.976. Based on the test results, we clarified that the dual-polarized testing setup is indispensable to adequately characterize OTA performance. It was also clarified that we can utilize the simplified spatial channel models and we don’t have to use advanced and its modified spatial channel models to differentiate good DUT from bad DUT.
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