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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]. 
The possible candidate of the figure of merit of MIMO OTA testing is throughput and it depends on several factors.  One of factors which cause degradation in the throughput is an intra-terminal interference. Therefore, in order to meet a proposal by operators and UE vendors as in [3], the affect of an intra-terminal interference should be considered in the MIMO OTA testing.

With respect to the candidate MIMO OTA testing methodologies, they can be categorised into two groups, one is the real MIMO OTA testing and the other is the antenna based methodology.  One of significance difference is that an intra-terminal interference can’t be taken in account with the antenna based methodology. In this contribution, we report the LTE MIMO OTA testing utilizing a LTE data card DUT connected to different laptop PCs in order to clarify an affect of an intra-terminal interference to LTE throughput, and clarify the importance of considering an intra-terminal interference affect for the MIMO OTA testing.  Based on the test result, we conclude that the antenna based methodology is not appropriate testing methodology for the MIMO OTA testing.
2. Real MIMO OTA and Antenna Based Methodology
Considering OTA throughput, it is presumed that there are primarily three UE OTA factors, such as antenna gain imbalance, antenna correlation, and intra-terminal interference, which degrade the OTA throughput as shown in Fig.1.  Therefore, these performance and affect should be evaluated in the MIMO OTA testing in order to achieve higher throughput in a real environment.  

With respect to the candidate MIMO OTA testing methodologies, a number of investigations have already been proposed and they are summarized in [4].  Furthermore, the candidate methodologies can be categorised into two groups, one is the real MIMO OTA testing and the other is the antenna based methodology as shown in table 1.  From table 1, an antenna performance can be evaluated by using the two methodologies, however an intra-terminal interference can be considered by only using the real MIMO OTA testing.  Therefore, we can assume that the real MIMO OTA testing, such as the anechoic chamber based or the reverberation chamber method should be defined as MIMO OTA testing methodology for the meaning full MIMO OTA throughput performance test.
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Figure 1  Two categories of OTA testing methodology.

Table 1  Proposed 3 MIMO OTA testing methodologies
	Methodology
	Anechoic Chamber Based
	Reverberation Chamber
	Multi-stage methods

	Category
	Real OTA
	Real OTA
	Antenna based methodology

	Antenna performance
	YES
	YES
	YES

	 Intra-terminal interference 
	
	
	NO


3. Impact of Intra Terminal Noise on OTA Throughput
In order to clarify the impact of intra terminal noise on the OTA throughput, we performed MIMO OTA testing using a LTE device.  For the MIMO OTA testing, the simplified MIMO OTA testing system in a reverberation chamber (RC) is utilized and testing conditions for the test are listed in Table 2.  We employed a LTE data card device of category 3 as DUT and it connects to three different laptop PCs. 
The OTA receiver performance, such as TRS and averaged RSCP, of the DUT with connecting to the three different laptop PCs are also confirmed using the reverberation chamber and the result is summarized in table 3.  As shown in table 3, the DUT with three different PCs shows the same RSCP performance, which indicates that they have the same antenna performance.  On the other hand, they shows the different TRS performance,  therefore we can assume that the affect of the laptop PC noise is depend on the PCs and laptop C is the worst in the three PCs.  

As a figure of merit for the MIMO OTA testing, we employed layer-1 throughput, 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 25 (64QAM), with the maximum throughput of 65 Mbps. As for the spatial channel models for this MIMO OTA testing, we employed the 3D uniform with exponential decay.
Figure 2 shows the test results of LTE MIMO OTA throughput for the DUT with different three laptop PCs.  As a commonly observed feature, we can find that the throughput is decreased according to the decrease in the channel power. And we can also find that the maximum throughput of 60 Mbps is observed for the higher channel power from -60 dBm to -50 dBm.  In addition, we can find that the throughput utilising the PC A shows always the best performance while the throughput with laptop C shows the always the worst performance.  This order of the throughput performance agrees well of the TRS performance of the DUT with three different laptop PCs. 

Table 2  Testing conditions for the LTE MIMO OTA

	DUT
	LTE devices (Category 3)

	Laptop PC
	3 Laptop PCs (PC A, B, C)

	Channel bandwidth
	10 MHz

	Channel power

(Signal level at DUT)
	-90 to -50 dBm

	Figure of merit
	Layer-1 throughput (FRC)

	Modulation and Coding Scheme (MCS)
	25 (64QAM)

	Number of RB
	50

	Transport block size
	20,000 at each angle

	Spatial channel models
	3D uniform with exponential decay


Table 3  Receiver performance of the DUT with three different laptop PCs

	
	PC A
	PC B
	PC C

	RSCP [dBm]
(Antenna-based FoM)
	-104.0
	-104.7
	-104.1

	TRS [dBm]
(Noise-related FoM)
	-105.3
	-100.9
	-97.4
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Figure 2   LTE MIMO OTA throughput with different PCs.
4. Discussion
The true OTA performance of the DUT with different three PCs and validity of the result are summarised in table 4.  As a premise of the discussion, the OTA performance of the DUT with laptop A is the best and it should pass the OTA testing.  On the other hand, the performance with laptop C is the worst and it should fail the OTA testing.  The difference of the OTA performance is due to the laptop PC noise and the affect should be considered in the MIMO OTA testing.  If the affect can’t be considered in the MIMO OTA testing, DUTs with poor throughput performance due to an intra-terminal interference will pass the MIMO OTA testing, and the test will be the meaningless in the view point of operator.
According to the table 4, the multi-stage method enables us to evaluate the antenna performance and using the testing methodology, we might conclude that the OTA performance over different PCs is the same performance.  However evaluating the antenna performance of DUT is not a goal of the MIMO OTA testing, and in fact, the OTA true performance is apparently different as discussed.   On the other hand, utilizing the real MIMO OTA, such as anechoic and reverberation chamber methods, we can differentiate a good UE from a bad UE reasonably.  Therefore, we would say that the antenna based methodology, such as multi-stage method, is not appropriate methodology for the MIMO OTA final solution.
Table 4  Validity of the testing result
	
	Laptop A
	Laptop B
	Laptop C
	Results

	True performance
	Good
	Fair
	Bad
	

	Reverberation/anechoic chamber
	Real MIMO OTA

methodology
	Pass
	Even
	Fail
	Valid

	Multi-stage
	Antenna-based methodology
	Pass
	Pass
	Pass
	Invalid


5. Conclusion
In this contribution, we reported the LTE MIMO OTA testing utilizing a LTE data card DUT connected to different laptop PCs in order to clarify an affect of an intra-terminal interference to LTE throughput, and clarify the importance of considering the an intra-terminal interference affect for the MIMO OTA testing.  Receiver performance of a DUT with connecting to three different laptop PCs were evaluated and we found that they have the same antenna performance, however different OTA throughput performance due to the PC internal noise.  We also found that using the anechoic and reverberation chamber methodologies, we can differentiate a good DUT form a bad DUT, however using the multi-stage method, we can’t differentiate it.  Therefore, we would say that the multi-stage method is not appropriate methodology for the MIMO OTA final solution.
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