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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].  In this contribution, we present the MIMO OTA throughput obtained by the field testing which can be used to predict user experience in the real usage situation, and compare with that of the MIMO OTA testing based on the reverberation chamber methodology and anechoic chamber methodology in order to show an availability of the simplified MIMO OTA testing methodologies and simplified spatial channel models.

2. Methodologies and Spatial Channel Models
Figure 1 shows testing methodologies and spatial channel models for evaluating MIMO OTA performance. In this contribution, we define that the MIMO OTA throughput obtained by the field testing is a reference for the user experience and employ two major MIMO OTA testing methodologies, one is based on a reverberation chamber methodology and the other is based on an anechoic chamber methodology using a ring-probe antennas. With respect to the candidate MIMO OTA testing methodologies, a number of investigations have already been proposed and their methodologies are summarized in a comparison table [3]. In general, they can be categorized into two groups of the methodology based on a reverberation chamber and that based on an anechoic chamber. Therefore, we focus on these two types of MIMO OTA methodology in this contribution.
One of remarkable differences over candidate MIMO OTA methodologies is a spatial channel model which can be reproduced in the chamber as shown in Fig.1. For example, Rayleigh fading environment having a statistically three-dimensional uniform power angular spectrum (PAS) can be reproduced in the vicinity of the device under test (DUT) in a reverberation chamber. Meanwhile, two-dimensional uniform PAS, a single cluster PAS, the SCME scenario, and arbitrary spatial channel models can be created in an anechoic chamber using a ring-probe antennas.

It is well known that a spatial multiplexing gain of the MIMO technology depends on a radio propagation conditions. Therefore, it is beneficial to compare the MIMO throughput performance obtained in a real radio propagation environment as a user experience with that obtained by the MIMO OTA testing under the spatial channel models reproduced by each MIMO OTA testing methodology. 
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Fig.1  Testing methodologies and spatial channel models for evaluating MIMO OTA performance
3. Comparison of User Experience with MIMO OTA Results for MIMO OTA Throughput
As a first step, we have already reported the results of the experimental comparison for the MIMO OTA testing results in the passive mode [4]. As a second step, we have also presented the SIMO OTA testing results for the HSPA UE with receive diversity in the active mode utilizing three different MIMO OTA testing systems [5]. As a third step, in this contribution, we present the MIMO OTA throughput obtained by the field testing which can be used to predict user experience in the real usage situation, and compare with that of the MIMO OTA testing.
3.1 Testing Conditions
The photograph of the testing setup for the field testing is shown in Fig.2. Testing conditions for the field testing are listed in Table 1. We employed three types of W-LAN devices based on 802.11n and 802.11g as DUTs. The 802.11n devices are equipped with dual antennas for MIMO spatial multiplexing and 802.11g device is equipped with dual antennas for selection diversity. Therefore, we will be able to obtain higher throughput by using 802.11n devices. As shown in Fig.2, the DUTs are connected to a laptop PC which is a client PC and they are mounted on a turn table on a trolley. TCP layer throughput are measured at 14 points in an indoor environment inside the building, where the signal level at DUT is from -70 to -40 dBm in RSSI (Received Signal Strength Indicator) since we can regard the indoor scenario as the most suitable environment for the MIMO spatial multiplexing in terms of the signal-to-noise ratio (SNR), and the DUTs are rotated over the azimuth angle with an angle step of 45 degrees at each point.
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Fig.2  Photograph of the testing setup for field testing
Table 1.  Testing conditions for field testing.
	Frequency
	2450 MHz band

	Device under test
	802.11n & 802.11g devices

	Signal level at DUT
	Approx. -70 to -40 dBm (RSSI)

	Angle step in azimuth plane
	45 deg.

	Server & client PC
	Windows XP

	Traffic
	Iperf

	Protocol
	TCP

	Window size
	256 KB


3.2 Testing Results
Figure 3 shows the comparison of MIMO OTA throughput corresponding to signal level at DUT between field testing and MIMO OTA testing. As for the field testing result shown in Fig. 3 (a), approximated curves are also shown. As a commonly observed feature, we find that the throughput is decreased according to the decrease in the signal level at DUT (RSSI). We also find that DUT A with MIMO spatial multiplexing function resulted in the highest throughput followed by DUT B with MIMO spatial multiplexing function meanwhile DUT C without MIMO spatial multiplexing function resulted in the lowest throughput over the range of -70 to -40 dBm in RSSI. In addition, DUT A and B show almost the same throughput at high signal level environment of around -40 dBm and DUT B and C show almost the same throughput at low signal level environment of around -70 dBm. When we focus on the MIMO OTA testing results obtained by the reverberation chamber methodology and the anechoic chamber methodology shown in Fig. 3 (b) and (c), we can confirm that the dependency of MIMO OTA throughput on the signal level at DUT agrees well with that for the field testing results. It should be noted that there are no noticeable difference between the field testing results which can be used to predict user experience and the MIMO OTA testing results. These results indicate that real MIMO OTA performance which faithfully reflects user experience can be evaluated by using both the reverberation chamber methodology and the anechoic chamber methodology including the simplified MIMO OTA testing regardless of the spatial channel models. Based on this, we conclude that it is possible to differentiate a good UE from a bad UE by using both the reverberation chamber methodology and the anechoic chamber methodology if the relevant channel models for the MIMO OTA testing are appropriately specified.
[image: image3.emf]0

10

20

30

40

50

60

-80 -70 -60 -50 -40 -30

RSSI [dBm]

TP [Mbps]

0

10

20

30

40

50

60

-80 -70 -60 -50 -40 -30

RSSI [dBm]

TP [Mbps]

0

10

20

30

40

50

60

-80 -70 -60 -50 -40 -30

RSSI [dBm]

TP [Mbps]

0

10

20

30

40

50

60

-80 -70 -60 -50 -40 -30

RSSI [dBm]

TP [Mbps]

0

10

20

30

40

50

60

-80 -70 -60 -50 -40 -30

RSSI [dBm]

TP [Mbps]

0

10

20

30

40

50

60

-80 -70 -60 -50 -40 -30

RSSI [dBm]

TP [Mbps]

(a) User experience (Field testing)

(b) Reverberation chamber

(c) Anechoic chamber

Single cluster (AS=35deg)

w/single delay tap

Single cluster (AS=70deg)

w/single delay tap

Uniform

w/single delay tap

SCME

urban micro

DUT A (MIMO) DUT B (MIMO) DUT C (SIMO)


Figure 3  Comparison of MIMO OTA throughput corresponding to signal level at DUT
between field testing and MIMO OTA testing.
4. Conclusion
In this contribution, we presented the MIMO OTA throughput obtained by the field testing which can be used to predict user experience in the real usage situation, and compared with that of the MIMO OTA testing results obtained by the reverberation chamber methodology and the anechoic chamber methodology in order to show an availability of the simplified MIMO OTA testing methodologies and simplified spatial channel models. Based on the results, we clarified that the MIMO OTA testing results obtained by the reverberation chamber methodology and the anechoic chamber methodology agree well with that of the field testing results. Therefore, we believe that we can utilize the simplified MIMO OTA testing using the simplified spatial channel models as well as the advanced MIMO OTA testing using the advanced spatial channel models to differentiate a good UE from a bad UE in terms of OTA throughput. 

5. References

[1]    
RP-090352, “Proposed new study item: Measurement of radiated performance for MIMO and multi-antenna reception for HSPA and LTE terminals”, Vodafone.
[2]    
R4-092892, “Definition of the MIMO OTA testing for multiple antennas mounted on UE/MS”, NTT DOCOMO.
[3]    
R4-101058, “Draft TP to TR 25-series MIMO OTA technical report”, Agilent Technologies, Azimuth, Elektrobit, LGE, R&S, Spirent, Telecom Italia.
[4]
R4-092894, “Experimental comparison of MIMO OTA testing methodologies”, NTT DOCOMO.
[5]
R4-100410, “SIMO OTA testing result for HSPA UE with receive diversity in active mode utilizing three types of MIMO OTA testing methodologies”, NTT DOCOMO.
















































































































































































































































































































































































































































3GPP


