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Background
The new study item (SI) on NR MIMO OTA was approved in 3GPP RAN plenary meeting in La Jolla, USA, in June 2018 [1]. The LTE MIMO OTA is specified in [2], and this contribution discusses the main differences between NR MIMO OTA and LTE MIMO OTA.
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There are several challenges in “extrapolating” the MIMO OTA to cover NR requirements. The NR MIMO OTA differs from LTE MIMO OTA especially when using higher frequencies (FR2) due to the shorter wavelength, more directive antennas at Tx and Rx, as well as wider bandwidth. NR frequency range is very wide: from 0.5 to 100 GHz. Prioritization of the frequency bands would help the development of the MIMO OTA test methods
Channel model is one of the most important things in the very beginning of the test system design and requirement specification. Since NR UE will utilize multiple antenna reception, spatial channel model is necessary. It should be discussed within this SI whether 2D model is sufficient. 3D model might be needed, e.g., for 2D array testing. These models could be, e.g., the clustered delay line models (CDL) from TR38.901. These models allow antenna independent testing, i.e. the antenna under test together with the spatial channel provides the complete radio channel (similar to LTE MIMO OTA). There may be more antennas in NR than in LTE. The higher number of UE antennas leads to higher spatial resolution of the receiver. Thus higher number of probe antennas is needed. The electrical volume of a DUT depends on the physical size and the carrier frequency. Physical handset size is not changed according to the frequency. Therefore, the higher the frequency the larger the electrical size of the device. Since the electrical volume is larger, the required quiet zone is larger as well, which means that higher number of probe antennas are needed. Fortunately, the narrow antenna beamwidth at gNB will reduce the angle spread and thus allow simplification of the test system.
Oxygen absorption within the anechoic chamber is insignificant. However, oxygen absorption may affect channel model. The delayed echoes at around 60 GHz are attenuated due to the oxygen absorption. This is taken into account in the additional feature called “oxygen absorption” in TR38.901, but it is not usually included in the CDL model.

Link budget of the test system may be challenging in higher frequencies due to the limited availability of mmW power amplifiers and higher path loss. Directive probe antennas may be used to compensate this problem, but they should not be too directive. Impact of BS antenna beamforming on the channel seen by the UE is significant. For example rich scattering may become sparse when Tx allocated a single narrow beam towards a strong cluster of the propagation channel.

Measurement uncertainty will most probably increase according to frequency due to the smaller wavelength (physical uncertainty of device or antenna location causes higher error, the phase noise may be higher, and SNR worse due to the link budget.

Joint Tx-Rx beamtracking and beamforming would require bi-directional test, but it might be out of scope in the early phase of NR MIMO OTA. Moreover, according to the SID [1], for FR2, a study of the extension of Rel-15 RRM tests [TS38.133] to include dynamic geometry is needed. Dynamic geometry means dynamic channel model (i.e. drifting AoA). This should be done only if a feasible solution is found.

The complexity of the test system should be kept reasonable. Simplifications on channel model and test configuration are welcome, but the impact of the simplifications should be understood well.
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Comparison of the LTE and NR MIMO OTA
Table below compares different aspects for LTE, NR FR1, and NR FR2. Note: the figures are not exact. They are rough numbers for clarifying the differences.
	
	LTE MIMO OTA
	NR FR1 MIMO OTA
	NR FR2 MIMO OTA

	Frequency range
	0.7 – 6 GHz
	0.45 – 6 GHz
	24.25 – 52.6 GHz

	Bandwidth
	20 MHz
	100 MHz
	400 MHz

	Rank
	2
	4
	2

	Number of antenna elements in DUT
	2 – 4 
	2 – 4 
	>>2

	Typical electrical size of a handheld DUT (required quiet zone)
	~1 
	~1 
	~10 

	Number of significant paths seen by the UE
	9 – 12
	12 – 24 
	3 – 12 

	Oxygen absorption
	no impact
	no impact
	minor impact

	Spatial channel
	2D
	2D/3D
	3D

	Suitable channel model for MIMO OTA static geometry
	SCME
	TR38.901 CDL
	TR38.901 CDL

	Dynamic model
	N/A
	N/A
	Necessary for MIMO throughput under dynamic geometry

	FoM
	MIMO throughput under static geometry
	MIMO throughput under static geometry
	MIMO throughput under static geometry 1st priority, MIMO throughput under dynamic geometry 2nd priority



Conclusion / Proposals
In this contribution, we discussed the differences between LTE and NR MIMO OTA. The main differences are coming from the frequency band, bandwidth, and possible antenna solutions of BS and UE.
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