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1
Introduction
During the RAN4 #88bis meeting, the test methods on FR1 and FR2 were discussed. This contribution provides proposals on how to extend the MPAC method to NR FR1 MIMO OTA testing.
2
Discussion
· Extend MPAC applicability to FR1:

The major challenge of extending the applicability of MPAC to FR1 is the test zone under 5GHz (i.e. n79): The experience learned from LTE is that the number of the required OTA antennas for MPAC depends on the DUT size, the centre frequency, the channel model, the OTA antenna locations, and the acceptable error level. The rule of thumb is K=2[D/]+1; where K is the number of antennas, D is diameter of the test zone, and is the centre wavelength of the band. 
For LTE, the 8 dual-polarized antennas is the basic structure in 3GPP, CTIA and CCSA, and the corresponding test zone of 8 antennas MPAC is 0.85 in 3GPP, and 1in CTIA. However, the test zone dimension is still only around 10cm@B41, which is not enough to cover the whole DUT size, therefore the “White box” approach for MIMO OTA testing is adopted in both 3GPP and CTIA to solve the test zone issue and provide clear guidance on positioning the DUT in the chamber. For LTE MIMO OTA [2] [4], a two-tier methodology is defined for device positioning in the test zone, based on frequency band lower than 1GHz or higher than 1GHz:
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The definition of the equidistant point between the EUT MIMO antennas need to be provided through manufacturer declaration. The manufacturer shall mark the equidistant point on the DUT such that the test laboratory has a clear indication for EUT positioning purposes. However, for 4x4 MIMO antennas it would be difficult to define the centre of MIMO antenna system using the same approach.   
Observation 1：“White box” approach is used for 2x2 LTE MIMO OTA testing to solve the test zone issue under high frequency bands. However, it would be difficult to define the centre of the 4x4 MIMO antenna system.
Proposal 1: RAN4 should make decision on “black box” or “white box” approach for 2x2 and 4x4 FR1 MIMO OTA testing. 
As higher frequency is used for NR FR1, extend the test zone size to meet the 5GHz frequency and smartphone size is the key point for methodology development. Based on the K=2[D/]+1 equation, 16 probes structure can generate ~2 test zone size in the chamber, therefore it’s reasonable to increase the antennas probes from 8 to 16 to check the feasibility of MPAC for NR FR1.   
Proposal 2: MPAC with 16 probes structure is the baseline method for NR FR1 MIMO OTA testing, further optimization based on the channel model or new defined error level should be studied.
3
Conclusion

This paper has provided views on the development of test methods for FR1 MIMO OTA and has made the following proposals:
Proposal 1: RAN4 should make decision on “black box” or “white box” approach for 2x2 and 4x4 FR1 MIMO OTA testing. 

Proposal 2: MPAC with 16 probes structure is the baseline method for NR FR1 MIMO OTA testing, further optimization based on the channel model or new defined error level should be studied.
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When operating in frequency bands lower than 1GHz, the physical center of the DUT shall be placed in the chamber center, the DUT shall be completely contained within the volume defined by the respective operating band equivalent to a sphere with a radius equal to 0.425 wavelength as defined in Tables E.2.1-1 and Tables E.2.1-2 for SCME UMi.





When operating in frequency bands higher than 1 GHz the equidistant physical point between the DUT MIMO antenna system shall be placed in the chamber center following guidance defined in Figure E.2-2 and the DUT MIMO antenna system (further physical dimension or both antennas’ maximum E-field regions) shall be completely contained within the volume defined by the respective operating band equivalent to a sphere with a radius equal to 0.425 wavelength defined in Tables E.2.1-1 and Tables E.2.1-2 for SCME UMi. The definition of the equidistant point between the DUT MIMO antennas shall be provided through manufacturer declaration for all operating bands where the maximum antenna separation requirement has been met. The location of the equidistant point(s) for each operating band shall be identified by the manufacturer by either marking the device utilized for MIMO OTA testing or by providing clear instructions to the test operator as to the physical location(s).
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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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