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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 or MIMO spatial multiplexing [2]. One of the key topics for the MIMO OTA discussion is that we have to clarify the repeatability of the MIMO OTA testing in terms of the MIMO OTA throughput testing results. In this contribution, we discuss the repeatability of the MIMO OTA testing based on the testing result utilizing three types of the MIMO OTA testing methodologies.

2. Repeatability of MIMO OTA Testing
With respect to the candidate MIMO OTA testing methodologies, a number of investigations have already been reported and proposed methodologies are summarized in the comparison table [3]. MIMO OTA testing results obtained by using candidate testing methodologies have been also presented and the testing results indicate that the MIMO OTA performance could be evaluated regardless of the type of testing methodologies and it seemed that the candidate MIMO OTA testing methodologies could co-exist [4]-[5]. In the COST2100 SWG2.2 or interested parties, the round robin tests are planned in order to compare the MIMO OTA testing methodologies. We anticipate that essential factors which make the difference over the testing results will have to be considered based on the testing results and believe that the repeatability of the MIMO OTA testing is one of the key topics for the MIMO OTA discussion.

In this contribution, we present the repeatability of the MIMO OTA testing utilizing our developed three types of the MIMO OTA testing methodologies, the reverberation chamber, the simplified anechoic chamber, and the advanced anechoic chamber.

2.1 Testing Conditions
Testing conditions for the repeatability test is listed in Table 1. We employed receive-diversity enabled HSDPA mobile terminal of Category 8 and sets of commercially-available MIMO-enabled wireless LAN (W-LAN) equipment based on the IEEE 802.11n draft version. As a figure of merit for the testing, we employed the fixed reference channel (FRC) throughput of H-Set 6 (16QAM) based on the existing test specification for the conducted performance of the HSPA UEs[6], and also employed the TCP layer throughput for the W-LAN.
With respect to the number of transport blocks for the HSPA testing, we employed 5,000 blocks at each azimuth angle for the anechoic chamber methodologies. The throughput was measured at eight points over the azimuth angle, since the AUT was rotated with 45 degrees steps. Therefore, totally 40,000 blocks was required obtain the average throughput for the single MIMO OTA testing. As for the testing time of the W-LAN testing, we employed 20 seconds for each angle which means that totally 160 seconds was required to obtain the average throughput for single MIMO OTA testing, as well. Under the testing condition mentioned above, we measured throughput with five times while we changing testing parameters of signal level at AUT.

Table 1.  Testing conditions.

	DUT
	HSPA
(Category 8 with receive diversity)
	W-LAN
(IEEE802.11n MIMO)

	AUT
	Sleeve array, UE antenna
	Sleeve array

	Frequency
	2.14 GHz band
	2.45 GHz band

	Signal level at AUT
	-95, -85, -75 dBm
(Channel power)
	-70, -60, -55 dBm
(RSSI)

	Figure of merit
	Throughput
(FRC, H-Set 6 16QAM)
	Throughput
(TPC)

	Data sample
	5000 blocks at each angle
	20 sec at each angle

	Angle step

(Anechoic chamber)
	45 deg

	Testing time
	Approx. 160 sec

	Spatial channel model
	3D uniform PAS with exponential decay PDP
Single cluster PAS (AS = 35 deg) with Pedestrian A PDP
SCME urban micro (CDL)

	Velocity [km/h] or

Doppler frequency [Hz]
	3 km/h
	3 Hz

	Number of testings
	5


2.2 Testing Results
Figure 1 shows the stability of the MIMO OTA testing utilizing the reverberation chamber methodology. We measured throughput eight times with the same condition in the reverberation chamber since we have to measure eight times in the anechoic chamber in order to obtain average throughput over the azimuth angle. As shown in Fig.1, we obtain stable results for the OTA throughput over the different testing conditions of signal level at AUT and the types of AUT as for both the HSPA with receive diversity and the W-LAN with MIMO spatial multiplexing. These results indicate that the number of transport blocks of 5,000 and the testing time of 20 seconds are enough to obtain adequate throughput results of the MIMO OTA testing utilizing the reverberation chamber methodology for the HSPA and the W-LAN, respectively. 
Figure 2 shows the repeatability of the MIMO OTA testing utilizing three types of the MIMO OTA methodologies. Testing results for the anechoic chamber indicate the average value over the azimuth angle. As shown in Fig. 2, we obtain stable results for the OTA throughput over the different testing conditions of signal level at AUT and the types of AUT as for all types of the MIMO OTA methodology. We can argue that good repeatability was achieved by using the reverberation chamber methodology, the simplified anechoic chamber methodology, and the advanced anechoic chamber methodology. In addition, we can also find that the throughput of the sleeve array is always either equalling or surpassing that of the UE antenna which means that we can adequately differentiate a good MIMO antenna design from a bad MIMO antenna design by the MIMO OTA testing with enough repeatability. 
Figure 3 shows the comparison of testing time for the single MIMO OTA testing. Based on the results of the repeatability testing, it is obvious that the reverberation chamber methodology has an advantage of very short testing time on a same level for the repeatability. It should be noted that we can achieve the single MIMO OTA testing in just 20 seconds, eight times faster than the anechoic chamber methodology under the assumption that we measure the OTA throughput every 45 degrees.
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(b) W-LAN (MIMO)
Figure 1 Stability of MIMO OTA testing utilizing reverberation chamber methodology.
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Figure 2  Repeatability of MIMO OTA testing utilizing three types of methodologies.
[image: image5.emf]Reverberation chamber

Simplified anechoic chamber

Advanced anechoic chamber

< Angle step: 45 deg. >

Fast

Time

0            40 80          120         160

0

°

90 

°

20 sec

160 sec

160 sec

180

°

270

°

0

°

90 

°

180

°

270

°


Figure 3 Comparison of testing time for single MIMO OTA.
3. Conclusion
In this contribution, we discussed the repeatability of the MIMO OTA testing based on the testing result utilizing three types of the MIMO OTA testing methodologies. We presented that good repeatability was achieved by using the reverberation chamber methodology, the simplified anechoic chamber methodology, and the advanced anechoic chamber methodology. We also clarified that we can adequately differentiate a good MIMO antenna design from a bad MIMO antenna design by the MIMO OTA testing with an enough repeatability. Moreover, we showed that the reverberation chamber methodology has an advantage of very short testing time on a same level for the repeatability.
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