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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 transmission [2].  In this contribution, we compare the results of the SIMO OTA testing for the HSPA UE with receive diversity in the active mode utilizing three types of the MIMO OTA testing methodologies in order to show that we can utilize both the simplified and the advanced MIMO OTA testing system to differentiate the overall MIMO performance. 
2. Candidate Systems for the MIMO OTA Testing
With respect to the candidate MIMO OTA testing methodologies, a number of investigations have already been proposed based on the simulation and measurement [3]-[6]. In order to verify the validity of the proposed MIMO OTA testing methodologies, it is planed that the round robin test will be performed within the COST2100 SWG2.2 or interested parties based on a set of agreed requirements and parameters.

Meanwhile, we have developed three types of MIMO OTA testing systems such as the simplified MIMO OTA testing system in a reverberation chamber (RC), that in an anechoic chamber, and the advanced one in the anechoic chamber as shown in Table. 1 [7]. Therefore, we can directly compare these testing methodologies by using the same device under test (DUT) under the almost same testing conditions.
Table 1.  Three types of MIMO OTA testing systems.

	
	Simplified
	Advanced

	Chamber type
	Reverberation
	Anechoic

	Photo
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	Number of probe antennas
	-
	4
	8

	2D/3D
	3D
	2D
	2D

	PAS
	Uniform
	Single cluster
	Arbitrary

	PDP
	Exponential decay
	Arbitrary
	Arbitrary

	Variable XPR
	Not supported
	Supported
	Supported

	Variable AS
	Not supported
	Supported
	Supported

	Variable DS
	Not supported
	Supported
	Supported

	Variable Doppler shift
	Not supported
	Supported
	Supported


3. SIMO OTA Testing for HSPA UE with Receive Diversity in Active Mode
As a first step, we had already reported the results of the experimental comparison for the MIMO OTA testing in the passive mode utilizing different configurations of multiple antennas under test (AUT) with known characteristics in order to clarify the essential factor for the MIMO OTA testing aimed at differentiating the MIMO performance [7]. As a second step, we present the SIMO OTA testing results for the HSPA UE with receive diversity in the active mode to enhance the reality of the investigation. We expect that the results obtained from our measurement campaign will be a reference data for the round robin test under prepared in the COST2100 SWG2.2. We also investigate the dependency of MIMO OTA performance on the spatial channel models based on the acquired results utilizing our developed three types of MIMO OTA testing systems.
3.1 Testing Conditions
Testing conditions for the measurement campaign are listed in Table 2. We employed four UEs of HSPA Category 8 as DUT, including three of dual antennas for the receive diversity and one of a single antenna. As a figure of merit for the SIMO OTA testing in this measurement campaign, we employed the fixed reference channel (FRC) throughput based on the existing test specification for the conducted performance [8]. We also employed the downlink FRC of H-Set 6 (16QAM), since we can explicitly differentiate the advantage of the receive diversity over the single antenna UE especially for the HSPA Category 8. With respect to the transport block size, it is confirmed that it needs to be defined considering fading conditions and depends on with or without the receive diversity. Based on the results in [9], we employed the transport block size of 5000.
The conducted testing by using a radio channel emulator is also carried out in order to obtain the reference value for verifying the OTA results. In the OTA testing, the RC and the spatial channel emulator (SCE) are employed. The SCE comprising eight probe antennas is commonly used for the single cluster model, which can be reproduced by the simplified MIMO OTA testing system, and other spatial channel models.

Table 2.  Testing conditions.
	DUT (TRS)
	A: Smart phone with receive diversity (-106.0 dBm)
B: USB dongle with receive diversity (-106.6 dBm)
C: USB dongle with receive diversity (-100.3 dBm)
D: Mobile phone without receive diversity (-105.7 dBm)

	Frequency
	2.14 GHz band

	Signal level at DUT
	-85 to -70 dBm

	Figure of merit
	Throughput (FRC)

	FRC parameter
	H-Set 6 (16QAM)

	Transport block size
	5000 at each angle

	Power angular spectrum
	Single cluster model (AS = 60 deg)

2D/3D uniform model

SCME Urban micro (6 clusters)

	Power delay profile
	Single tap
Pedestrian A
SCME (Urban micro)

	Angle step
	90 deg

	Velocity
	3 km/h


Table 3 and 4 show the test parameters for the FRC H-Set 6 (16QAM) and the level set 3 for HSPA measurements, respectively [8]. In this contribution, we employed equivalent test parameters listed in Table 3 and 4 although Ioc is off during the measurement since the MIMO OTA testing would be performed under the channel condition without an interference signal.

Table 3.  Test parameters for testing 16QAM FRCs H-Set 6.
	Parameter
	Unit
	Test 1

	Phase reference
	
	P-CPICH
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	dBm/3.84 MHz
	-60

	Redundancy and constellation version  coding sequence
	
	{6,2,1,5}

	Maximum number of HARQ transmission
	
	4

	Note:
The HS-SCCH-1 and HS-PDSCH shall be transmitted continuously with constant power. HS-SCCH-1 shall only use the identity of the UE under test for those TTI intended for the UE.


Table 4.  Level set 3 for HSDPA measurements.
	

	Unit
	Value

	P-CPICH_Ec/Ior
	dB
	-10

	P-CCPCH and SCH_Ec/Ior
	dB
	-12

	PICH _Ec/Ior
	dB
	-15

	HS-PDSCH
	dB
	-3

	HS-SCCH_1
	dB
	-8

	DPCH_Ec/Ior
	dB
	-9

	OCNS_Ec/Ior
	dB
	off


3.2 Testing Results
Table 5 shows the test results of SIMO OTA throughput for the UE A over azimuth angles corresponding to the channel power under the channel model of 2D uniform distribution with a single delay tap obtained by using the SCE. As shown in Table 5, we find that the constant throughput is obtained over azimuth angles due to the 2D uniform distribution. These results indicate that testing environment is adequately configured for the intended power angular spectrum (PAS). In addition, we can confirm that the throughput is definitely decreased according to the decrease in the channel power.

Table 5. Test results of SIMO OTA throughput performance for UE A under channel model of

2D uniform distribution with single delay tap obtained by using SCE.

	
	FRC throughput [Mbps]

	
	Channel power

	Azimuth angle [deg]
	-70 dBm
	-75 dBm
	-80 dBm
	-85 dBm

	0
	4.7
	4.7
	4.6
	4.2

	90
	4.7
	4.7
	4.6
	4.2

	180
	4.7
	4.7
	4.6
	4.3

	270
	4.7
	4.7
	4.6
	4.3

	Average
	4.7
	4.7
	4.6
	4.3


Figure 1 shows the comparison of the SIMO OTA throughput corresponding to the channel power between spatial channel models obtained by utilizing the SCE. The averaged throughput over the azimuth angle, as shown in Table 5, is plotted in the Fig.1. 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 there is no difference between the single tap and the Pedestrian A although the SCME urban micro shows lower throughput as for the DUT B and C. It should be noted that there isn’t noticeable difference between the conducted and the OTA throughput over spatial channel models except the DUT C. Although the DUT C has a higher throughput comparable with the DUT A for the conducted performance, it resulted in the lowest throughput for the OTA performance. We can consider that this is due to a spurious emission or an intra-terminal interference as reflected in the TRS. We will never evaluate these real OTA performances unless the MIMO OTA testing is performed in the active mode. Therefore, it can be observed that the active mode testing is the major premise to evaluate the real MIMO OTA performance.
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Figure 1.  Comparison of throughput corresponding to channel power
between spatial channel models obtained by utilizing SCE.
Figure 2 shows the dependency of the OTA throughput on spatial channel models as the summary of test results. The average throughput at the channel power of -70 dBm over different spatial channel models obtained by utilizing the three MIMO OTA testing systems is shown in Fig. 2. As shown in Fig.2, we find that the DUT A resulted in the highest throughput followed by the DUT B and D meanwhile the DUT C resulted in the lowest throughput due to a spurious emission or an intra-terminal interference, as described above, for all the spatial channel models. Moreover, we can confirm that we can obtain equivalent results from different MIMO OTA testing systems under the same power delay profile (PDP) regardless of the PAS. These results indicate that the MIMO OTA performance can be evaluated regardless of testing methodologies and it seems that the candidate MIMO OTA testing methodologies can co-exist if the relevant channel models for the MIMO OTA testing are appropriately specified.
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Figure 2.  Dependency of OTA throughput on spatial channel models.
4. Conclusion
In this contribution, we presented the results of the SIMO OTA testing for the HSPA UE with receive diversity in the active mode utilizing three types of the MIMO OTA testing methodologies. In addition, we compared the results between our developed systems of the simplified MIMO OTA testing system in the RC, that in the anechoic chamber, and advanced one in the anechoic chamber. From the results, we clarified that the active mode testing is the major premise for the MIMO OTA testing since the degradation in the throughput due to a spurious emission or an intra-terminal interference can be adequately evaluated only by the active mode testing. We also clarified that we can employ each of the candidate methodologies for the MIMO OTA testing to differentiate the MIMO performance under the relevant channel models.
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