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1. Introduction
A study item of the MIMO OTA testing for multi-antennas mounted on UE/MS was agreed in RAN 43 meeting [1].  The main purpose of the study item is to establish commonly acceptable testing methodologies in terms of complexity and cost-effectiveness in order to adequately evaluate the overall MIMO performance of mobile terminals equipped with multi-antennas for the receive diversity and MIMO transmission [2].  In order to verify the validity of the proposed MIMO OTA testing methodologies, the round robin tests for HSPA devices which support the receive diversity are currently performed within the COST2100 SWG2.2 and CTIA ERP group.

We have to note that the round robin tests are performed for HSPA UEs with the receive diversity as the device under test (DUT) although the major scope of the study item is expected to evaluate the performance of MIMO antennas mounted on the LTE devices [1]. The reason comes from the fact that the real devices and BS emulators were not commonly available for LTE. Therefore, it’s apparently premature to finalize the MIMO OTA discussion based on the test results only for HSPA devices which don’t support MIMO functions. In these days, however, the real LTE devices and LTE BS emulators are becoming available.
In this contribution, we present the first report of the MIMO OTA test results for LTE devices supporting 2x2 MIMO. We utilize three types of MIMO OTA testing methodologies as presented before [3] and enhance them with a LTE BS emulator for evaluating the throughput performance of LTE devices.
2. Testing Conditions
With respect to the candidate MIMO OTA testing methodologies, a number of investigations have already been proposed and they are summarized in [3]. Meanwhile, we have developed three types of MIMO OTA testing systems, the simplified MIMO OTA testing system in a reverberation chamber (RC), that in an anechoic chamber, and the advanced one in an anechoic chamber as shown in Fig. 1 [4]. We can directly compare the test results obtained form these testing methodologies using the same DUT under the same testing conditions.

Testing conditions for this measurement campaign are listed in Table 1. We employed three devices of LTE Category 3 as DUT. As a figure of merit for the MIMO OTA testing, we employed the throughput, that faithfully reflects user experience in the real usage situation, for the fixed reference channel (FRC) based on the existing test specification for the conducted performance [5].  We employed the channel bandwidth of 10 MHz, resource blocks of 50, and MCS of 28 (64QAM), with the maximum throughput of 75 Mbps. As for the spatial channel models for this MIMO OTA testing, we employed the 3D uniform with exponential decay, the single cluster model with extended pedestrian A (EPA), the SCME urban micro (Umi), and the SCME urban macro (Uma) [3].
Moreover, we employed dual-polarized eight probe antennas connected to the radio channel emulator with sixteen output ports since the dual-polarized configuration is definitely indispensable to perform the MIMO OTA testing which allow us to evaluate real MIMO performance. We have confirmed that the test results obtained by the single-polarized MIMO OTA are quite different from that of the dual-polarized MIMO OTA.
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Figure 1 Our-developed MIMO OTA testing systems for LTE devices

Table 1.  Testing conditions of the LTE MIMO OTA testing.

	DUT
	LTE devices (Category 3)

	Channel bandwidth
	10 MHz

	Channel power

(Signal level at DUT)
	-65 to -55 dBm

	Figure of merit
	Throughput (FRC)

	Modulation and Coding Scheme (MCS)
	28 (64QAM)

	Number of RB
	50

	Transport block size
	20,000 at each angle

	Spatial channel models
	3D uniform with exponential decay / Single cluster with EPA / SCME Umi / SCME Uma

	Number of probe antennas
	8 (Dual polarized)

	fd
	3 Hz


3. Test Results
Figure 2 shows the test results of LTE MIMO OTA throughput over azimuth angles for three LTE DUTs under the channel model of the SCME urban micro.  As shown in Fig.2, we find that the dependency of MIMO OTA throughput on the azimuth angle is very small for three real LTE devices even though the angular power spectrum (PAS) of the SCME urban micro is not uniform. Note that the conducted throughput performance under the power delay profile of the SCME urban micro is around 65 Mbps for the 2x2 MIMO case while throughput is around 30 Mbps for the single antenna case. These results indicate that we can obtain an appreciable effect of 2x2 MIMO over the single antenna independent of azimuth angle.
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Figure 2   LTE MIMO OTA throughput over azimuth angle for SCME urban micro.
Figure 3 shows the LTE MIMO OTA throughput corresponding to the channel power for four types of spatial channel models. The averaged throughput over the azimuth angle is plotted in the Fig.3 for the anechoic chamber testing. As a commonly observed feature, we find that the throughput is decreased according to the decrease in the channel power. We also find that the throughput of DUT A was comparable with that of DUT B while DUT C resulted in a lover throughput especially for the lower channel power over the spatial channel models. However, we obtained expected throughput around 60 Mbps for the higher channel power of -55 dBm for all the DUTs. We can consider that the deteriorated throughput of DUT C is due to poor antenna efficiencies for a primary antenna and a secondary antenna and also due to an intra-terminal interference based on the test results of TRS as an indispensable figure of merit for the SISO OTA. Based on this, we can confirm that what really matter for the MIMO OTA testing is to evaluate the antenna performance including the effect of an intra-terminal interference by using not “virtual OTA testing” but “real OTA testing”.
Moreover, we have to note that LTE MIMO OTA test result doesn’t largely depend on the spatial channel model since we have obtained equivalent results from four spatial channel models. This means that we can adequately evaluate the overall MIMO performance for LTE devices and we can also differentiate a god DUT from a bad DUT utilizing the simplified MIMO OTA methodologies as well as the advanced MIMO OTA methodologies. Looking back the past test results for HSPA SIMO OTA, we have reached the same conclusion that the OTA performance can be evaluated regardless of its testing methodologies and the spatial channel models [6]. Based on the OTA test result for both the HSPA devices and the LTE devices, we can conclude that the multi-antenna OTA performance can be evaluated regardless of the spatial channel models and testing methodologies. Therefore, it is obvious that the candidate MIMO OTA testing methodologies can co-exist except they need to be not virtual OTA testing but real OTA testing.
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Figure 3  LTE MIMO OTA throughput corresponding to channel power.
4. Conclusion
In this contribution, we presented the first report of the MIMO OTA test results for the real LTE devices with 2x2 MIMO utilizing our developed testing systems based on the three types of MIMO OTA methodologies of the simplified testing in the RC, that in the anechoic chamber, and advanced testing in the anechoic chamber. Based on the testing results, we clarified that we can adequately evaluate the overall MIMO performance for LTE devices and we can also differentiate a good DUT from a bad DUT in terms of OTA throughput utilizing the simplified MIMO OTA methodologies as well as the advanced MIMO OTA methodologies, if they meet the primary requirement for the real OTA testing, by the fact that the LTE MIMO OTA throughput doesn’t largely depend on the spatial channel model.
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