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1. Introduction
A study item of the MIMO OTA testing methodology for multi-antennas mounted on UE/MS was agreed in the RAN 43 meeting and the discussion was started [1]. However, it seems that the discussion has been discussed based on unclear concepts and targets in RAN4 So that we are facing a challenge of finding out what is the reasonable concept and target for the MIMO OTA testing as a starting point of the relevant MIMO OTA discussion. Therefore, it is necessary to clarify the baseline concept for the MIMO OTA testing based on its original concepts and targets in order to accelerate the future discussions.
In this contribution, we discuss the concepts and targets of the MIMO OTA considering both the existing conducted testing and the OTA testing for the single antenna UE. We also discuss the figure of merit and the reference measurement channel for the relevant MIMO OTA testing. Finally, we propose the baseline concept for the MIMO OTA testing for the multi-antenna UE.

2. Scope of MIMO OTA testing
The 3GPP specifications for mobile terminals which have multi-antennas are defined in [2] [3]. Since these specifications are defined based on conducted testing, the discussion on the MIMO OTA testing for the multi-antenna UE has been started in order to validate multi-antenna performance as an overall radio performance.
Figure 1 shows the coverage of the existing conducted testing and the MIMO OTA testing. We define that the scope or the subject in the device under test is divided into three segments of multi-antennas, RF transceiver, and baseband block. As shown in Fig.1, the conducted testing encompasses two segments of the RF transceiver and baseband block although the remaining segment of multi-antennas is not covered. Therefore, it is actually rather rational since the MIMO OTA testing should briefly cover this multi-antenna segment utilizing both the existing conducted testing and the MIMO OTA testing in a mutually complementary form.
We expect that varied types of candidate methodologies are proposed and introduced through MIMO OTA discussions. During the course of discussions, we believe that it is important that the candidate MIMO OTA testing methodologies are divided into two groups, one is “Simplified MIMO OTA testing” and the other is “Advanced MIMO OTA testing” [4]. Brief introduction of each testing methodology is as follows.

1. Simplified MIMO OTA testing

- Enables us to evaluate the overall radio characteristics as end-to-end performance in the active mode under the simplified channel condition.
2. Advanced MIMO OTA testing

- Enables us to evaluate the overall radio characteristics as end-to-end performance in the active mode under the advanced channel condition.
The difference between the two types of MIMO OTA testing is that the assumed propagation channel model consists of propagation parameters in the spatial and temporal domain such as the angular spread, the angle of arrival, the delay spread and the Doppler shift etc. It should be noted that the parameters in the temporal domain can be adequately evaluated not only by the OTA testing, but by the conducted testing. While the advanced MIMO OTA testing has the potential to take over a part of the existing conducted testing, it is also extremely important that the simplified MIMO OTA testing has the potential to minimize the scope of the testing. In addition, we think that the MIMO OTA discussion should always follow up the existing conducted testing in order to avoid the duplicate testing for the two segments of RF transceiver and baseband block. As a result, this leads to a reduction of the testing cost, volume and time. 
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Figure 1. Coverage of the conducted testing and the MIMO OTA testing.
3. Coexistence between conducted testing and OTA testing
It should be noted that the single antenna OTA testing employing TRP and TRS [5] were established based on the specification for the existing conducted testing of the maximum output power and the reference sensitivity level. The results of TRP and TRS also reflect RF transceiver performance. However, irrespective of the above fact, the conducted testing has not been removed. Moreover, the testing condition of the single antenna OTA is specified under the simplified and specific condition since the OTA testing, whose testing system tends to be more complicated and testing time tends to be longer compared to the conducted testing, is not necessary for all the RF transceiver testing. Therefore, the coexistence between the existing conducted testing and the OTA testing has been achieved for the single antenna UE. Now, we are facing the same situation for the MIMO OTA discussion. The discussion of the MIMO OTA testing could be followed up the procedure of single antenna OTA discussion. 
It was also proposed that the advanced MIMO OTA testing has the potential to replace the existing conducted testing aimed at reduction of testing volume and time. With respect to this proposal, we are concerned that there are lots of issues should be addressed as listed below.
- Evaluating UE performance at once by using the advanced MIMO OTA testing sounds to be excellent, however, we have to recognize that the complicated testing system tends to increase uncertainty in general.
- Evaluating UE performance at once makes it difficult to discriminate which segment has a problem in contrast to the existing conducted testing which is properly divided into each segment based on the function.
- Regarding the performance testing, the specification must be defined based on link level simulation although there are not enough results of link level simulation for the MIMO performance.
From these perspectives, we believe that it is premature that the advanced MIMO OTA testing replaces existing conducted testing from the standardization standpoint and it is rational to achieve the coexistence between the conducted testing and the OTA testing for the MIMO performance evaluation as a starting point at this moment.
4. Figure of merit and reference measurement channel
With respect to the figure of merit for the MIMO OTA testing, we believe that throughput is the most suitable based on the following reasons [6]. 

- According to the single antenna OTA specification, not only antenna performance itself but also over all radio performance of antenna and RF transceiver is defined. Therefore, the figure of merit for the MIMO OTA testing should also reflect overall radio performance of the multi-antenna UEs. 

- As MIMO devices will be introduced primarily to enhance the peak data rate, we have to employ the figure of merit which represents the data rate for the MIMO OTA testing.
It is obvious that MIMO throughput depends on many factors such as multi-antennas, RF transceiver, baseband algorithms, channel conditions, and interference levels, etc. Here, we have to focus on the reference measurement channel to measure throughput for performance requirements. It was agreed that not the variable reference channel (VRC) [7], which is based on the UE measurement report, but the fixed reference channel (FRC), which is constant and independent of the UE measurement report, is the most suitable in terms of reliability and validity. Therefore, we believe that the FRC should be similarly employed for the MIMO OTA testing. In order to employ the VRC which is assumed to be more faithful to the user experience, we have to investigate the reliability and validity of the VRC for the purpose of the MIMO OTA testing only.
As described in [2] [3], the FRC is focused on the specific channel conditions as a reference. This means that the FRC doesn’t reflect the user experience for throughput in the real usage situation. Meanwhile, we do tend to have lots of discussions about propagation channel model that faithfully reflects “reality”, which often leads to restraint of MIMO OTA discussion. Therefore, we have to achieve a proper balance between the reference measurement channel and the propagation channel model in terms of “reality”.
5. Proposal for MIMO OTA discussion
Based on the above discussions, we propose baseline concept and target for the MIMO OTA as follows.
Proposal: The simplified MIMO OTA testing is defined as a starting point for the MIMO OTA discussion.

6. Conclusion
In this contribution, we discussed the scope of the MIMO OTA testing in order to accelerate the future discussion for establishing a commonly acceptable MIMO OTA testing by classifying the MIMO OTA testing into two groups of the simplified MIMO OTA testing and the advanced MIMO OTA testing. We presented that it is rational to achieve coexistence between the conducted testing and the OTA testing for the MIMO performance evaluation as a starting point and that we have to achieve a proper balance between the reference measurement channel and the propagation channel model in terms of “reality”. Finally, we proposed the baseline concept for the MIMO OTA testing for the multi-antenna UE.
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