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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]. Currently, there are two candidate methodologies of an anechoic chamber and a reverberation chamber which have different characteristics for the power delay profile (PDP). However, the PDP in the reverberation chamber is different from the PDP based on a tapped delay line model to be used for the anechoic chamber. In this contribution, we discuss the baseline channel model for the MIMO OTA testing by utilizing the pre-defined channel models for the throughput testing in the performance requirements [3][4]. We compare throughput results of the conducted testing utilizing the pre-defined channel model with that of the MIMO OTA testing obtained by a reverberation chamber methodology in order to show a baseline channel model which can be commonly used for the MIMO OTA testing. 
2. Channel Model for MIMO OTA Testing
The SIMO OTA testing results for the HSPA UE with receive diversity in the active mode has already been presented [5]. It is clarified that the MIMO OTA performance can be evaluated regardless of spatial channel models and it seems that the candidate MIMO OTA testing methodologies can co-exist if the relevant channel model are appropriately specified for the MIMO OTA testing. 

A number of investigations have already been proposed for the candidate MIMO OTA testing methodologies and they are summarized in a comparison table [6]. According to the comparison table, half of them can be categorized into the simplified MIMO OTA testing by utilizing the simplified spatial channel model. With respect to the simplified spatial channel model, one of the important factors is a PDP. We should be noted that the PDP has been already defined as the propagation conditions for the performance requirements by the conducted testing [3][4]. Therefore, we believe that it is beneficial to utilize the pre-defined channel model specified in the conducted testing specifications for the MIMO OTA testing since employing the pre-defined channel model for the MIMO OTA testing enables us to directly compare with the performance requirement in the conducted testing as with the single antenna OTA requirement using TRP and TRS.
The PDPs of Pedestrian A (PA), Pedestrian B (PB) and Vehicular A (VA) specified for UMTS are adopted as the Case I, Case II, and Case III for the Spatial Channel Model (SCM), respectively [7]. Furthermore, the PDPs of Extended Pedestrian A (EPA), Extended Vehicular A (EVA), and Extended Typical Urban model (ETU) specified for LTE have been adopted as the propagation conditions to evaluate throughput performance in the conducted testing. It is clarified that the throughput will be significantly affected by the PDP of a parameter in a temporal domain rather than that in a spatial domain when we employ the channel model which has a large delay spread (DS) for the MIMO OTA testing. Therefore, we presume that the channel models which have a large DS are not appropriate for the MIMO OTA testing since we will misjudge an antenna performance [8]. Additionally, it is generally anticipated that maximum MIMO performance can be achieved in the area with high SNR condition of not so far from base station where the DS is assumed to be relatively small. Thus, PA and EPA model having a small DS seem to be promising candidates for the baseline channel models for the MIMO OTA testing. 
3. Comparison of Conducted Testing using Pedestrian A with MIMO OTA Testing Based on Reverberation Chamber
There are two candidate MIMO OTA methodologies of an anechoic chamber and a reverberation chamber which have different characteristics for the PDP. This in turn has given rise to the need for commonly-available PDP which can be applied to both an anechoic chamber methodology and a reverberation chamber methodology. Based on our past investigations, we anticipate that PA or EPA model which has a small DS will be a strong candidate. In order to show the availability of PA or EPA model for the MIMO OTA testing, we performed the conducted testing using PA or EPA model and also performed the MIMO OTA testing based on a reverberation chamber methodology. We believe that we can find a baseline channel model for an anechoic chamber methodology and a reverberation chamber methodology by comparing testing results between the conducted testing using PA or EPA model and the MIMO OTA testing based on a reverberation chamber methodology.
3.1 Testing Conditions
Testing conditions for the both conducted testing using PA model and the MIMO OTA testing based on a reverberation chamber methodology are listed in Table 1. We employed four UEs of HSPA Category 8 as DUT, including three UEs with dual antennas for the receive diversity and one UE with a single antenna. We also employed two devices of 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[5], and also employed the TCP layer throughput for the W-LAN. With respect to the transport block size for the HSPA, it is confirmed that it needs to be defined considering fading conditions in order to obtain adequate results and it depends on with or without the receive diversity function. Based on the results in [9], we employed the transport block size of 5000.
Regarding the experimental setup of the throughput testing, we employed an equivalent configuration with the diagram described in [9] for the OTA testing by employing the passive mode measurement in order to analyze the effect of the antenna gain imbalance which is one of vital elements for the MIMO performance as described in [10], although we understand that the final MIMO OTA testing could be performed in the active mode measurement. With respect to the channel models, the PA model is utilized for the conducted testing and the exponential decay with total delay spread of 80 nsec is utilized for the MIMO OTA testing based on the reverberation chamber.
Table 2.  Testing conditions.

	
	HSPA (Category 8)
	W-LAN (IEEE802.11n draft)

	
	Conducted testing
	MIMO OTA testing

(Reverberation chamber)
	Conducted testing
	MIMO OTA testing

(Reverberation chamber)

	DUT
	A: Smart phone with receive diversity

B: USB dongle with receive diversity

C: USB dongle with receive diversity

D: Mobile phone without receive diversity
	A: USB adaptor

B: USB dongle

	Frequency
	2.14 GHz band
	2.45 GHz band

	Signal level at DUT
	-100 to -60 dBm (Channel power)
	-80 to -40 dBm (RSSI)

	Gain Imbalance
	0, 5, 10 dB
	0, 5, 10, 15 dB

	Figure of merit
	Throughput (FRC)
	Throughput (TPC)

	FRC parameter
	H-Set 6 (16QAM)
	N/A

	Transport block size
	5000 at each angle
	N/A

	AUT
	N/A
	Sleeve array antennas

(Antenna spacing: 0.5 )
	N/A
	Sleeve array antennas

(Antenna spacing: 0.5 )

	Power angular spectrum
	N/A
	3D uniform model
	N/A
	3D uniform model

	Power delay profile
	Pedestrian A
	Exponential decay
	Pedestrian A
	Exponential decay

	Velocity [km/h] or
Doppler frequency [Hz]
	3 km/h
	N/A
	3 Hz
	N/A


3.2 Testing Results
Figure 1 shows the comparison of MIMO OTA throughput corresponding to signal level at DUT between the conducted testing and the reverberation chamber MIMO OTA testing. As a commonly observed feature, we find that the throughput is degraded according to the decrease in the signal level at DUT. With respect to the impact of the antenna gain imbalance, we achieve a higher throughput according to a decrease in the antenna gain imbalance. When we focus on the testing result of HSPA shown in Fig.1(a), we find that DUT A and C resulted in the high throughput meanwhile DUT B resulted in the low throughput comparable with DUT D equipped with a single antenna due to a poor demodulation performance. In terms of the difference between the conducted testing using PA model and the reverberation chamber MIMO OTA testing, we confirm that there are no noticeable differences in the dependency of throughput on the signal level at DUT and on the gain imbalance. We can consider that this is resulting form the enough small delay spread below 100ns of the PDP. Additionally, the testing result of W-LAN shows almost the same tendency with that of HSPA as shown in Fig.1(b). These results indicate that the MIMO OTA result of an anechoic chamber methodology using PA model and that of a reverberation chamber can be directly compared and also indicate the possibility that two types of MIMO OTA methodology will co-exist. Thus, we propose to define PA or EPA model as the baseline channel model for the simplified MIMO OTA testing.
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(a) HSPA (Category 8)
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(b) W-LAN (IEEE802.11n draft)
Figure 1  Comparison of throughput corresponding to signal level at DUT
between conducted testing using PA model and reverberation chamber MIMO OTA testing.
4. Conclusion
In this contribution, we discussed the baseline channel model for the MIMO OTA testing by utilizing the pre-defined channel model with a small delay spread. We compared throughput results of the conducted testing using PA model with that of the MIMO OTA testing obtained by a reverberation chamber methodology taking HSPA UEs with receive diversity and 802.11n equipments with MIMO spatial multiplexing function as DUTs. We showed that there are no noticeable differences in the dependency of throughput on the signal level at DUT and on the gain imbalance between the conducted testing using PA model and the reverberation chamber MIMO OTA testing. Based on this, we proposed to define PA or EPA model as the baseline channel model for the simplified MIMO OTA testing in order to directly compare the result obtained by an anechoic chamber methodology with that obtained by a reverberation chamber methodology.
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