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1
Introduction
In RAN4 90bis meeting, several key aspects of test setting were discussed. Test zone size and EUT placement were agreed in WF [1] and quoted as below. In this document we further discuss measurement distance. For NR MIMO OTA with MPAC method, in order to maximize reusing of legacy facilities and reduce the cost of building new chamber, it is proposed to study the feasibility of relaxing measurement distance. 
2
Discussion

2.1 Zone size and required measurement distance
The minimum test zone size was agreed as 20cm which was from the statistics of smartphone sizes in Chinese market in 2018 [2]. It is significantly larger than LTE’s 0.85in 37.977 for high frequency. With the Black-box approach which was also agreed in last meeting, the whole test zone has to be inside the quite zone in order to make sure EUT’s radiated part inside the quite zone. Then we need a quite zone size of at least 20cm.
Additionally, there are at least 2 factors which may further increase the required quite zone size and corresponding minimum measurement distance.

1) D=20 is from the statistics of smartphone sizes, therefore it is applicable for FS (Free space) test. In head/hand phantom test, D can be larger than 20 cm because some portion of the head/hand phantom must be included in D. [3]
2) The verified MIMO OTA test zone size is usually smaller than quite zone, as below figure 1 from [5].
In table 1, we calculate the far-field distances by 2D2/ [6] for some typical frequencies in FR1 and FR2 with D=20 cm and 30 cm.
Figure 1 (from [5])
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Table 1
	
	　
	2GHz
	2.655GHz
	3.5GHz
	4.9GHz
	6GHz
	7.125GHz
	28GHz

	
	 (m)
	0.15
	0.113
	0.086
	0.061
	0.05
	0.042
	0.011

	2D2/
	D=0.85 
 (LTE MIMO OTA in [5])
	0.22
	0.16
	
	
	
	
	

	
	D=0.2 m
	0.53
	0.71
	0.93
	1.31
	1.6
	1.9
	7.47

	
	D=0.3 m
	1.2
	1.59
	1.94
	2.95
	3.6
	4.52
	16.8

	Note: far-field distance was determined by the largest of 2D2/(the phase uncertainty limit), 3D (the amplitude uncertainty limit), and 3 (the reactive Near-Field limit) [3]


Observation 1: For NR MIMO OTA, because of bigger zone size and NR’s higher frequency, the required minimum measurement distance will be significantly larger than LTE.
2.2 Chamber size
Today some “small” anechoic chambers used for LTE SISO/MIMO OTA testing typically have the shortest dimension of 3.7 or 4 m, as below table 2. For MPAC MIMO OTA method with circular probes layout, the path length of these chambers are 1.35 and 1.5m respectively. It means they can’t cover the whole FR1 for D=20 cm. The situation is worse for D =30cm. For FR2, the distance is impractical. (Yellow highlighted in table1)
Table 2
	
	Shield enclosure Dimension (L x W x H)
	Path length
 (MPAC with circular probes layout)

	Chamber size 1
	7.3m x 3.7m x 3.7m 
	1.35m

	Chamber size 2
	3.7m x 3.7m x 3.7m
	1.35m

	Chamber size 3
	4.0m x 4.0m x 4.0m
	1.50m


Observation 2: Today some typical anechoic chambers may not fulfil the dimension requirement of NR MIMO OTA for MPAC method with circular probes layout in FR1.
2.3 Sensitivity of measurement distance
In LTE SISO OTA testing, it was known that the TRP and TIS metrics which are calculated form an integration of numerous samples are not as sensitive to the measurement distance as a single point measurement. In [4], it was found that the deltas are smaller than +/- 0.2dB for all bands up to 5.8 GHz and have not clear trend, the results are quoted in below table 3. These results were adopted by CTIA. A minimum test range of 1.2m was defined in [3] which may be used in case that the test range can’t fulfil the far-field criteria. Additional uncertainties are no more than 0.2dB. In our view it is small enough to support the validity of the test. 
Table 3 (from [4])

	Frequency (MHz)
	Far-field criteria (cm)

Max(2D2/, 3D, 3lamda), D=30cm
	R=120cm
	R=129cm
	R=143cm

	698
	129
	-0.14
	-0.11
	-0.08

	704
	128
	-0.13
	-0.07
	-0.08

	748
	120
	0.01
	0.12
	-0.04

	2155
	129
	-0.03
	-0.08
	0.05

	2170
	130
	-0.01
	-0.10
	0.00

	2483
	149
	-0.11
	-0.19
	-0.04

	2690
	161
	-0.04
	-0.10
	-0.07

	5835
	350
	-0.07
	-0.04
	0.07


In LTE MIMO OTA testing [5], signal are transmitted from multple probes in a circle, and in each mode, 12 positions are tested. The TRMS is calculated by averaging over all 12 positions and 3 modes, which is also an integration of numerous samples to some degree.
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Certainly, it is understood that the verification of test zone of MIMO OTA is more complicated than SISO. In addtion to the far-field critera, MIMO test zone need to be further identified by verification of channel model implementations (i.e. Spatial correlation etc.). The analysis of measurement distance for SISO OTA can’t apply directly to MIMO case.
In 37.977 section 8.3.3, it was described that “Studies of the impact on non-ideal channel model implementation have not been carried out and therefore it may be necessary in the future when a better understanding of the impact of the channel model implementation on throughput measurements is found, that these tolerance values may need to be revised.”
Observation 3: In LTE SISO OTA testing, TRP and TIS metrics which are calculated from an integration of numerous samples are not sensitive to the measurement distance. The minimum test range of 1.2m had provided valuable guidance for industry. For MIMO OTA, the situation is somewhat different and more complicated. Further study is needed.
Due to the fact that MPAC MIMO OTA’s more space demanding than SISO (radius vs diameter). Relaxation of measurement distance is very meaningful in both reuse of legacy facilities and the cost of building new chamber. Therefore we propose: 
Proposal 1: For NR FR1 MIMO OTA, proposed to study the feasibility of relaxing measurement distance for MPAC method with circular probes layout, in order to maximize reusing of legacy facilities and reduce the cost of building new chamber. 
Proposal 2: It is preferred if a “fall back” minimum distance can be defined which may be used in case chamber’s test range can’t exactly meet the far-field criteria. For FR1 the minimum distance of 1.2m can be a value to start with. Relevant impact of inadequate measurement distance to MIMO channel implementation and eventually measurement uncertainty can be studied under this condition for agreed channel models.
Proposal 3: The necessity of similar study for FR2 is FFS. 
3
Conclusions

In this contribution, we share our proposals on the NR MIMO OTA test methods:  
Proposal 1: For NR FR1 MIMO OTA, proposed to study the feasibility of relaxing measurement distance for MPAC method with circular probes layout, in order to maximize reusing of legacy facilities and reduce the cost of building new chamber. 

Proposal 2: It is preferred if a “fall back” minimum distance can be defined which may be used in case chamber’s test range can’t exactly meet the far-field criteria. For FR1 the minimum distance of 1.2m can be a value to start with. Relevant impact of inadequate measurement distance to MIMO channel implementation and eventually measurement uncertainty can be studied under this condition for agreed channel models.
Proposal 3: The necessity of similar study for FR2 is FFS.
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20cm shall be set as the minimum test zone size for NR MIMO OTA test methods, both FR1 and FR2. Another test zone size larger than 20cm can be further discussed. UE vendors are encouraged to provide the input on the test zone size in the future.


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


Number of probes and placement of probes for MPAC system for FR1 and FR2 have to be standardized in the MIMO OTA SI.








