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1
Introduction
In LTE MIMO OTA spec [1], several key aspects limit the applicability of the MPAC test method, such as the limited test zone size and the “white-box” approach, this leads to the fact that only sub-set of the LTE handsets in the market could be tested in the MPAC system. For NR MIMO OTA, the goal is to develop the test methods with better applicability and high unitarity [2].    
In this contribution, we share proposals on test zone size, EUT placement, far-field criteria, and channel models.   
2
Discussion

2.1 Test zone size
In the RAN4#89 meeting [3], MPAC was permitted as the test method for 5G NR FR1 MIMO OTA, the detailed probes configuration and channel models are under discussion. A key question in the MPAC design need to be addressed is how large a test zone size can be supported with a MPAC configuration. The test zone denotes a geometrical volume inside which target channels can be accurately reproduced, and further presents how large a DUT can be tested in the MIMO OTA system. Extensive efforts for LTE MIMO OTA have been taken to characterize the test zone size as a function of required active OTA antennas and operating wavelength in standardization groups [1][4], where the agreed test zone size (under 8 dual-polarized antennas 2D-ring configuration) is 0.85 and 1 in 3GPP and CTIA, respectively. Testing is not required in any band where the maximum antenna spacing of UE is greater than the test zone size.
Given the typical frequency range of LTE is 722.5MHz~2655MHz, the corresponding smallest test zone size is 9.6cm in 3GPP and 11.3cm in CTIA. Although, “white-box” approach is taken in 3GPP and CTIA for positioning the DUT to alleviate the problem, obviously, the smallest test zone size is still not sufficient for covering most of the handset devices. 
Here, we provide the smartphone information in our lab for China Type Approval (CTA) testing mandated by Ministry of Industry and Information Technology (MIIT). In 2018, total 764 new models are permitted to enter Chinese market, 613 of them support LTE, and 135 of these LTE smartphone are wide devices with width >72mm. We share the size of these 135 wide LTE smartphone and the CDF curve in Fig. 1. 
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Figure 1. The CDF curve of 135 wide LTE handsets (width >72mm) in 2018 CTA data pool from CAICT OTA lab
Only 2 device out of 613 LTE model pool in 2018 are larger than 200mm, and all of the wide LTE handset (DUT width >72mm) are larger than 164mm. Therefore, the previous assumption of 150mm DUT size for Testability MU assessment in TR38.810 is not a good candidate for the test zone size discussion of NR MIMO OTA. The target of NR MIMO OTA SI is developing test methods which could cover all the handset devices, in the last RAN4#90 meeting, 30cm test zone size was kind of tentative agreements during the MIMO OTA evening ad-hoc to resolve this problem.
Observation 1: the diagonal length of nearly all the permitted LTE devices in China market in 2018 are under 20cm. The 15cm DUT size for Testability MU assessment in TR38.810 is not a proper value as test zone size for NR MIMO OTA.
However, there is a trade-off between the test zone size and the system cost (i.e. number of the probes and channel emulator output ports). Considering the above information, we think 20cm is the proper minimum test zone size for NR MIMO OTA test methods and channel models development, to make sure nearly all of the handset devices can be tested.
Proposal 1: 20cm shall be set as the minimum test zone size for NR MIMO OTA test methods, both FR1 and FR2.
2.2 EUT placement

To alleviate the problem of limited test zone size of LTE MIMO OTA, the less-than-ideal alternative is “White-box” approach by defining the center of the MIMO Antenna system depending on the detailed position of each antenna. The manufacturer need to provide the location of each antenna in the UE and related operating bands, then declare\mark the center (i.e. equidistant point) of the MIMO antenna system for each operating bands on the UE.

However, on one hand, according to the experience learnt from inter-lab comparison activity in China [5], we found that the above “White-box” approach is not well performed for each device in different labs and also UE vendors. Most of the UE’s center point for MIMO testing is simply selected as the physical center of the UE.


[image: image2]
On the other hand, for 4x4 MIMO UE, most likely the MIMO antennas are allocated at the corner of the device, the correlation between each 2 of them is important, so it may be impossible to identify the “equidistant point” of the 4x4 MIMO Antenna system correctly. Therefore, to resolve this issue and develop suitable test method for NR MIMO OTA, it’s better to utilize Black-box approach, and select the physical center of the UE as the center point for testing. This is also aligned with the UE placement procedure of traditional SISO OTA testing [6] and also new-developed NR FR2 Testability [7].
Proposal 2: Adopt Black-box approach for NR MIMO OTA testing, the physical center of the UE shall be placed in the center of test zone, the EUT shall be completely contained within the test zone size defined by respective operating band. 
2.3 Measurement distance
Measurement distance is one of the key aspect for an OTA system design, as it is directly proportional to chamber size, which is a major cost-determining factor of the setup. For FR1 MIMO OTA test methods, the traditional far-field criteria of R>2D2/ with D is the entire DUT size could be reused. 
For FR2 MIMO OTA system, there is a strong need to develop a new MPAC configurations that are adequate and cost-effective with proper measurement distance and enough link budget. Study on radiated near field testing for FR2 is required to address this need. One approach is to align with the agreements for FR2 Testability DFF method in TR38.810, UE manufacturer declare the antenna size, and the far-filed should be R>2D2/ with D is the DUT Antenna size. 

Proposal 3: Reuse the far-field criteria in TR38.810 as a starting point for FR2 MIMO OTA, the minimum far-field distance R can be calculated based on the following equation R>2D2/ , where D is the diameter of the smallest sphere that encloses the radiating parts of the DUT. 
2.4 Verification of Channel Model:

To ensure the test conditions are correctly implemented and capable of generating the channel model within the desired test zone, proper verification procedure of channel model is needed. 
Proposal 4: For FR1 MIMO OTA channel model, same verification parameters with LTE (Power Delay Profile (PDP), Doppler/Temporal correlation, Spatial correlation, Cross-polarization, Power validation) is utilized to guarantee the channel model implementation. For FR2, the KPI needs further study.
3
Conclusions

In this contribution, we share our proposals on the NR MIMO OTA test methods:  
Proposal 1: 20cm shall be set as the minimum test zone size for NR MIMO OTA test methods, both FR1 and FR2.
Proposal 2: Adopt Black-box approach for NR MIMO OTA testing, the physical center of the UE shall be placed in the center of test zone, the EUT shall be completely contained within the test zone size defined by respective operating band. 
Proposal 3: Reuse the far-field criteria in TR38.810 as a starting point for FR2 MIMO OTA, the minimum far-field distance R can be calculated based on the following equation R>2D2/ , where D is the diameter of the smallest sphere that encloses the radiating parts of the DUT. 
Proposal 4: For FR1 MIMO OTA channel model, same verification parameters with LTE (Power Delay Profile (PDP), Doppler/Temporal correlation, Spatial correlation, Cross-polarization, Power validation) is utilized to guarantee the channel model implementation. For FR2, the KPI needs further study.
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“White-box” approach for LTE MIMO OTA
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Figure E.2-2: Definition of distance between MIMO antennas and DUT center, maximum physical separation, or E-field maximum separation defined by manufacturer
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