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1.  Introduction

The success in mobile communication systems has lead to immense demand for adopting MIMO technology to enhance the peak data rate of radio networks. This in turn has given rise to the need for MIMO OTA testing to validate the overall performance of mobile terminals employing multiple antennas [1]. One of the candidate methodologies for the MIMO OTA testing is based on a spatial channel emulator (SCE) comprising ring probes in an anechoic chamber with a radio channel emulator. This type of testing methodology enables us to evaluate the MIMO performance under the advanced channel model as typified by the SCME [2]. The SCME has three scenarios of the suburban macro, the urban micro, and the urban macro. In particular, the urban macro has a large delay spread (DS) beyond 800 ns though the suburban macro and the urban micro have the DS below 300 ns. It should be noted that there are two factors that have an impact on the throughput. One is a parameter in a spatial domain and the other is that in a temporal domain. It is clear that the throughput will be significantly affected by a parameter in a temporal domain rather than that in a spatial domain when we employ the channel model which has a large DS for the MIMO OTA testing. In this case, the antennas under test (AUT) which have nulls in the radiation pattern lead to higher throughput due to interference rejection property under the channel model with a large DS regardless of correlation characteristics for the AUT although the correlation characteristics should be adequately evaluated in the MIMO OTA testing. Therefore, we have to address the issue on the relevant channel model for the MIMO OTA testing considering the realistic radiation patterns for the AUT in order to adequately validate the overall performance of mobile terminals with multiple antennas by utilizing the MIMO OTA testing.
This document describes the impact of antenna pattern on the throughput for the SCME. We clarify that the channel models which have a large DS is not relevant for the MIMO OTA testing since they makes it difficult to differentiate adequately the overall performance of mobile terminals with multiple antennas. These investigations are based on a measurement using a SCE which we developed in an anechoic chamber [3]. 
2.  Discussion
2.1 Testing Configuration
Figure 1 shows the configuration of the SCE comprising ring probes in an anechoic chamber with a radio channel emulator. The downlink signals are input into a radio channel emulator and the pre-faded signals composed of a single delay tap or multiple delay taps are radiated via eight probe antennas which support the dual polarization. It should be noted that this system enables us to reproduce arbitrary channel models typified by the SCM and SCME scenarios in an anechoic chamber [3]. 
Testing conditions for the measurement campaign are listed in Table 1 based on the results in [4]. We employed sets of commercially-available receive diversity enabled HSPA mobile terminal of Category 8 as the devices under test (DUT) and also employed vertically aligned sleeve array antennas with an element spacing of 0.5  and horizontally aligned dipole array antennas with an element spacing of 0.5  as the AUT.
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Figure 1 Configuration of SCE.
Table 1.  Testing conditions.

	
	HSPA (Category 8)

	AUT
	Vertical sleeve array antennas

Horizontal dipole array antennas

(Antenna spacing: 0.5 )

	Frequency
	2.14 GHz band (Band I M-ch, DL: 10700)

	Signal level at DUT
	-70 dBm

	Figure of merit
	Throughput (FRC)

	FRC parameter
	H-Set 6 16QAM

	Transport block size
	5000 at each angle step

	Spatial channel models
	2D uniform model

(Single tap, Urban micro, Urban macro)
SCME TDL
(Urban micro, Urban macro)

	Angle step
	15 deg

	Velocity
	3 km/h


2.2 Impact of Radiation Pattern on Throughput
Figure 2 shows the antenna performance and the SIMO OTA test results. The average gain and correlation in the azimuth plane of the antenna performance were derived from the antenna pattern measurement under the assumption that the power angular spectrum (PAS) is a uniform distribution. As shown in Fig.2 (a), we can confirm that the average gain and correlation of the vertical sleeve array antennas are better than that of the horizontal dipole array antennas. Therefore, we can easily assume that we will be able to obtain better throughput in the real multi-path environment by using not the horizontal dipole array but the vertical sleeve array antennas. When we focus on the SIMO OTA test results as shown in Fig. 2 (b), we find that the throughput for the vertical sleeve array antennas is definitely higher than that for the horizontal dipole array antennas as we expected under the spatial channel model except the SCME urban macro comprising six clusters where the AUT experiences arriving waves with large delay from different angles of arrival. In case of the SCME urban macro comprising six clusters, the horizontal dipole array antennas resulted in high throughput comparable with that of the vertical sleeve array antennas despite the horizontal dipole array antennas have disadvantages in the average gain and correlation. These results indicate that we can’t adequately evaluate the overall MIMO performance under the channel model which has a large DS typified by the SCME urban macro. 
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Figure 2 Antenna performance and SIMO OTA test result.
Figure 3 shows the FRC throughput corresponding to the received power measured by using the conducted testing for the different power delay profile (PDP). As shown in Fig.3, we obtained the equivalent throughput as for the PDP of a single delay tap, ITU Pedestrian, and SCME urban micro although the throughput is significantly degraded for the SCME urban macro especially over the range of higher received power. Therefore, we find that the SCME urban macro which has a large total DS leads to a lower throughput for the MIMO OTA testing regardless of the antenna performance itself.
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Figure 3 FRC throughput corresponding to receive power measured by using

conducted testing for different power delay profile.

Figure 4 shows the dependency of the FRC throughput on the AUT rotation angle in the azimuth plane for the vertical sleeve array antennas and the horizontal dipole array antennas under the channel model of SCME urban macro. As shown in Fig.4, we find that angle-independent throughput was obtained for the vertical sleeve array antennas due to an enough low correlation. It should be noted that the horizontal dipole array antennas also resulted in angle-independent throughput though the correlation is significantly elevated above 0.6 in the range of 45 degrees to 90 degrees. These results indicated the MIMO OTA testing employing the SCME urban macro leads to an inconsistent result since the AUT which has bad average gain and bad correlation yields high throughput comparable to that of the AUT which has good average gain and good correlation.
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Figure 4 Dependency of throughput on AUT rotation angle in azimuth plane for SCME urban macro.

Figure 5 shows the relation between the angle of arrival and the radiation pattern for horizontal dipole array antennas under the SCME urban macro. As shown in Fig.5, the null directions correspond with the angles of arrival of the path #5 and #6 which are large delay taps in the case of the AUT rotation angle from 45 degrees to 90 degrees where we obtained high throughput despite the correlation was significantly elevated as mentioned above. These results indicate the possibility that the AUT which has nulls in the radiation pattern leads to higher throughput due to interference rejection property under the channel model with a large DS regardless of correlation characteristics although the correlation characteristics should be adequately evaluated in the MIMO OTA testing. Based on this, it can be seen that the channel model which has a large DS makes is not appropriate for differentiating the overall MIMO performance. 
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Figure 5 Relation between angle of arrival and radiation pattern for
 horizontal dipole array antennas under SCME urban macro scenario.
3. Conclusion
In this contribution, we presented the impact of antenna pattern on the throughput for the SCME in order to discuss the relevant channel model for the MIMO OTA testing. We compared the HSPA FRC throughput between the vertical sleeve array antennas which have good antenna performance and the horizontal dipole array antennas which have bad antenna performance under the SCME urban macro. As a result, the horizontal dipole array antennas showed high throughput comparable with that of the vertical sleeve array antennas regardless of the correlation characteristics. This arises from an interference rejection property due to nulls in the radiation patterns for the horizontal dipole array antennas. Therefore, we argued that the MIMO OTA testing employing the spatial channel model which has a large DS specified by the SCME urban macro leads to an incorrect result. We also concluded that the channel models which have a large DS are not appropriate for the MIMO OTA testing.
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