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1
Introduction
RAN4 has finalized the FR1 MIMO OTA test method, and the outcome is captured in TR 38.827 v16.0.0. A follow up WI is under discussion to specify the requirements.     
For NR FR1, SDOs out of 3GPP are also working on FR1 MIMO OTA test methods development, it would be beneficial for the industry to develop a unified test methodology for FR1 MIMO OTA. The goal of this effort is to minimize or eliminate the industry fragmentation of NR MIMO OTA and avoid the situation of many diverse approaches for LTE MIMO OTA performance testing.
This contribution reviews the MIMO OTA approaches in different SDOs, and an embedded draft LS is also prepared. 
2 Discussion
2.1  Comparison of MIMO OTA test methods 
The following table summarizes the MIMO OTA approaches in SDOs, both LTE and NR FR1:
Table 1: MIMO OTA approach in SDOs

	Parameter 
	3GPP LTE 
	CTIA LTE 
	CCSA LTE
	3GPP NR FR1

	Test Methodology 
	MPAC, RTS (harmonized) 
	MPAC, RTS (harmonized)
	MPAC
	MPAC (baseline), RTS
(harmonized)

	MIMO 
	2x2 only 
	2x2 only 
	2x2 only 
	2x2 and 4x4

	Bandwidth 
	FDD: 10MHz
TDD: 20MHz
	FDD: 10MHz
TDD: 20MHz
	FDD: 10MHz
TDD: 20MHz/15MHz (B34)
	FDD: 10MHz
TDD: 40MHz

	Modulation 
	64QAM 
	64QAM 
	64QAM
	64QAM, 16QAM

	Min. Subframes
	20000
	20000
	10000
	TBD

	Test Zone Size 
	<1GHz: 30cm
	<1GHz: 30cm
	Not defined
	20cm

	
	>1GHz:1 wavelength
	>1GHz:1 wavelength
	
	

	Environmental Condition 
	UE Noise-Limited (RS-EPRE) 
	Interference-Limited (SIR)
	UE Noise-Limited 
(RS-EPRE)
	UE Noise-Limited 

	KPI
	TRMS
	MARSS
	TRMS 
	TRMS

	Average Method
	PMODE: Inverse Linear Average 
	PMODE: Linear Average
	PMODE: Inverse Linear Average
	PMODE: Inverse Linear Average 

	
	SMODE: Inverse Linear Average
	SMODE: no Average
	SMODE: Linear Average
	SMODE: Inverse Linear Average

	FoMs
	95%/70%
	95%/90%/70%
	90%/70%
	70%

	Probe Configuration 
	8 uniformly spaced 
	8 uniformly spaced 
	8 uniformly spaced
	16 uniformly spaced

	DUT Placement 
	<1GHz: black box
	<1GHz: black box
	Black Box
	Black Box

	
	>1GHz: White Box 
	>1GHz: White Box 
	
	

	QoQZ Validation 
	Per TS 34.114 
	CTIA Ripple Test 
	SISO Ripple Test
	Phi-axis ripple test

	BS Antenna Assumptions 
	Crossed dipoles 
	Crossed dipoles 
	Crossed dipoles
	4x8 or 8x8 antenna array
with beamforming
assumptions

	Selected Channel Models (2D)  
	SCME UMi 
	SCME UMa 
	SCME UMi 
	UMi CDL-A (4x4) and UMa CDL-C (2x2) 


Observation 1: Industry fragmentation of LTE MIMO OTA test methods are shown in different SDOs.
2.2 FR1 MIMO OTA
RAN4 has finalized the FR1 MIMO OTA test methodologies and FoMs. From the technical judgement perspective, many “drawbacks or limited aspects” of LTE MIMO OTA have been resolved during NR stage. For example: 
1.  Limited test zone size for frequency bands higher than 1 GHz has been resolved. Given frequency bands higher than 1 GHz are key bands commercialized for NR in the future, previous 1 wavelength test zone size of LTE MIMO OTA is not useful for a majority of 5G smartphones. The defined 20cm test zone size in RAN4 for FR1 MIMO OTA can cover most of 5G smartphones.
2.  “Black box” approach has been adopted. 4x4 MIMO is a mandatory feature for frequency bands higher than 2.6 GHz, how to place the UE with 4 antennas within the chamber by “white box” approach is a challenge. Because, most likely, the maximum antenna spacing of 4x4 MIMO antenna system may be the size of DUT, as the 4 antennas are always placed in the separated corners of the DUT. Besides, compare to 2x2, how to decide the equidistant physical point between the EUT 4x4 MIMO antenna system is not clear. Therefore, white box is not a proper way for high layer MIMO OTA.

3.  Realistic BS antenna pattern and beamforming have been defined for NR MIMO OTA. Given Massive MIMO is the key technique of 5G network, the beamform characteristic of BS shall be considered during MIMO OTA testing to reflect the real condition.
4.  New channel models for 5G have been defined to reflect the microwave condition close to typical network scenario (UMi and UMa). The new UMi CDL-A (4x4) and UMa CDL-C (2x2) channel models are scaled based on the basic models and scaling procedure defined in 38.901, to match the typical parameters of real scenario (e.g. delay spread, angel spread, UE velocity…) which are identified by UE vendors and operators. 
Now, CTIA MOSG and CCSA TC9 WG1 have also started the discussions on FR1 MIMO OTA test plan development. Based on the lessons learned from LTE 2x2 MIMO OTA, it would be beneficial for the industry to develop a unified test methodology for NR FR1 MIMO OTA. The goal of this effort is to minimize or eliminate the industry fragmentation of NR MIMO OTA and avoid the situation of many diverse approaches for LTE MIMO OTA performance testing.
Proposal 1: Send a LS on FR1 MIMO OTA to the SDOs outside of 3GPP. Aligned test methodology to minimize the industry fragmentation on FR1 MIMO OTA is encouraged.      
The corresponding LS embedded in Annex A is prepared. 
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1
Overall description

RAN4 has finalized the definition of FR1 MIMO OTA test methodology, the outcome is captured in the TR 38.827 v16.0.0. The follow up work to specify the MIMO OTA requirements is under discussion.
RAN4 has agreed the MPAC and harmonized RTS test methods for FR1 MIMO OTA testing. Some main aspects are highlighted:
· The agreed MPAC system adopts a 16 uniformly-spaced probes configuration:
· “Black-box” testing approach is adopted for NR MIMO OTA testing, the physical center of the EUT shall be placed in the centre of the test zone, the EUT shall completely contained within the test zone size.  
· The minimum test zone size for NR MIMO OTA test methods is 20cm.
· New channel models of UMi CDL-A (4x4) and UMa CDL-C (2x2) and BS beamforming configurations are defined for FR1 MIMO OTA requirement.
· 70% of the maximum theoretical throughput is the outage for FR1 MIMO OTA.
· UE noise-limited environmental condition is selected for FR1 MIMO OTA.

Currently, RAN4 is working on the NR MIMO OTA requirements based on the agreed test methodology.
2
Actions

To CTIA and CCSA: 

ACTION: 
RAN4 respectfully asks CTIA and CCSA to take the above information of 3GPP FR1 MIMO OTA test methodologies into consideration in their future work.
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Dates of next TSG-RAN WG4 meetings
TSG-RAN WG4 Meeting #98-e                          25 Jan- 5 Feb, 2021    
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