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Introduction
This contribution discusses the minimum measurement distance requirement for FR1 NR MIMO Systems. 
Discussion
3GPP [1] and CTIA [2] have outlined the minimum measurement distance requirements for wireless communication OTA measurement systems for 2G, 3G, and 4G, e.g., as stated in [1]
5.2.2
Minimum distance between the DUT and the measurement antenna

For far-field measurements, the distance r between the DUT and the measurement antenna should be
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(5.1)

where  is the largest wavelength within the frequency band of interest and D the maximum extension of the radiating structure. Then the phase- and amplitude uncertainty limits and the reactive near field limit are not exceeded.
As outlined in [2], these criteria express that the measurement distance be greater than the largest of 2D2/(the phase uncertainty limit), 3D (the amplitude uncertainty limit), and 3 (the reactive Near-Field limit), where D is the dimension of the radiator and  is the free-space wavelength at the frequency band of interest.
In the last RAN4#90bis meeting, the following decisions were made

· 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
which essentially limits the maximum antenna/radiating aperture to D=20cm.

The measurement distances are plotted in Figure 1 and tabulated in Table 1 with the assumption that the maximum radiating aperture to match the 20cm test zone size. 
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Figure 1: Minimum distances between DUT and measurement antenna

Table 1: Minimum distances between DUT and measurement antenna

	f [GHz]
	2D²/λ [m]
	3D [m]
	3λ [m]
	max(3λ,3D,2D²/λ)

	0.41
	0.11
	0.60
	2.19
	2.19

	0.6
	0.16
	0.60
	1.50
	1.50

	0.7
	0.19
	0.60
	1.28
	1.28

	0.8
	0.21
	0.60
	1.12
	1.12

	1.0
	0.27
	0.60
	0.90
	0.90

	1.2
	0.32
	0.60
	0.75
	0.75

	1.4
	0.37
	0.60
	0.64
	0.64

	1.6
	0.43
	0.60
	0.56
	0.60

	1.8
	0.48
	0.60
	0.50
	0.60

	2.0
	0.53
	0.60
	0.45
	0.60

	2.2
	0.59
	0.60
	0.41
	0.60

	2.4
	0.64
	0.60
	0.37
	0.64

	2.6
	0.69
	0.60
	0.35
	0.69

	2.8
	0.75
	0.60
	0.32
	0.75

	3.0
	0.80
	0.60
	0.30
	0.80

	4.0
	1.07
	0.60
	0.22
	1.07

	5.0
	1.33
	0.60
	0.18
	1.33

	6.0
	1.60
	0.60
	0.15
	1.60

	7.0
	1.87
	0.60
	0.13
	1.87

	7.125
	1.90
	0.60
	0.13
	1.90


It can be observed that while the 3 term dominates the minimum measurement distance requirement at low frequencies, the 2D2/ Fraunhofer distance term dominates the minimum measurement distance at frequencies beyond ~2.2GHz. 
Observation 1: While the 3 term dominates the minimum measurement distance requirement at low frequencies, the 2D2/ term dominates the minimum measurement distance at frequencies beyond ~2.2GHz

As highlighted in [4] for mm-wave frequency, assuming the device size as maximum aperture leads to unpractical minimum measurement distances for high frequencies. Instead, DUT Antenna Configurations were defined that differentiated between antenna radiating apertures above and below 5cm. 

For FR1, similar assumptions are necessary. For low bands with frequencies below 1-1.5GHz, it is well known that the surface currents on the printed circuit boards inside the DUT dominate the radiated fields and patterns. For those frequencies, it is therefore important to consider the largest dimension of the DUT as the dimension of the radiating aperture, D, in order to accurately measure the pattern at the stated minimum measurement distance. 
Observation 2: At low frequencies, it is important to consider the largest dimension of the DUT as the dimension of the radiating aperture D
The minimum measurement distance in this frequency region is dominated by the the reactive Near-Field limit 3 term. While it is well known that integrated measurements, e.g., TRP or TRS, can be performed closer to the reactive near field region due to conservation of energy, an MU term for inadequate measurement distance, as introduced in [2], will likely have to be considered when measurement distances below the 3 limit are chosen. 
Observation 3: An MU term for inadequate measurement distance will have to be considered when measurement distances below the 3 limit are chosen for low-bands

At mid to high FR1 frequencies, the dimension of the radiating aperture more closely matches the physical dimensions of just of the antenna elements which decrease with increasing frequencies. The 2D2/ Fraunhofer far-field approximation with an assumed dimension of the radiator matching the device size is overestimating the minimum measurement distance and resulting in impractical anechoic chamber dimensions as outlined in Figure 1 and Table 1. 

Figure 2 outlines the effect on the minimum measurement distance when it is assumed, similar to FR2, that at higher frequencies, the effective dimension of the radiating aperture, De, is smaller than the device size of D=20cm. Here, it is assumed that
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Clearly, this approximation shows that the minimum measurement distance at high frequencies is now dominated by the 3D term instead of the 2D2/ term. 

Alternatively, Figure 3 outlines the minimum measurement distance when it is assumed that the effective dimension of the radiating aperture, De, is assumed to be 20cm below 1.5GHz and decreasing linearly from 20cm to 5cm from 1.5GHz to 7.125GHz, respectively. This assumption prevents the 2D2/ curve from being discontinuous. Either assumption will result in the 3D term to estimate the minimum measurement distance at higher frequencies instead of the 2D2/term. 
Observation 4: When an effective dimension of the radiating aperture, De, is considered in the 2De2/ min. measurement distance term, the measurement distance at higher frequencies is no longer dominated by the Fraunhofer distance. 

OEMs are requested to provide feedback on effective radiating aperture dimensions for FR1 antennas integrated in smartphone UEs with maximum dimension of 20cm. 

Proposal 1: OEMs to provide feedback on effective radiating aperture dimensions for FR1 antennas integrated in smartphone UEs with maximum dimension of 20cm

Based on the analyses and observations made in this contribution, two options for min. measurement distances with corresponding MU for inadequate measurement distance are provided in Table 2. It is proposed to consider these options for FR1 NR MIMO systems with 20cm test zone size. 
Table 2: Proposed Options for Minimum Measurement Distances for FR1 NR MIMO Systems with 20cm test zone size 
	Min. Frequency [GHz]
	Option 1
	Option 2

	
	Min. Measurement Distance [m]
	MU for inadequate measurement distance [dB]
	Min. Measurement Distance [m]
	MU for inadequate measurement distance [dB]

	0.41
	2.19
	0
	1.5
	FFS

	0.6
	1.50
	0
	1.28
	FFS

	0.7
	1.28
	0
	1.28
	0


Proposal 2: Consider the options in Table 2 for min. measurement distance for FR1 NR MIMO systems with 20cm test zone size.
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Figure 2: Minimum distances between DUT and measurement antenna assuming De=20cm for f<2GHz, De=10cm for 2GHz≤f<4GHz and De=5cm for 4GHz≤f<7.125GHz
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Figure 3: Minimum distances between DUT and measurement antenna assuming De decreases linearly from 20cm to 5cm from 1.5GHz to 7.125GHz. 

Conclusion
The following observations and proposals were made in this contribution
Observation 1: While the 3 term dominates the minimum measurement distance requirement at low frequencies, the 2D2/ term dominates the minimum measurement distance at frequencies beyond ~2.2GHz
Observation 2: At low frequencies, it is important to consider the largest dimension of the DUT as the dimension of the radiating aperture D
Observation 3: An MU term for inadequate measurement distance will have to be considered when measurement distances below the 3 limit are chosen for low-bands
Observation 4: When an effective dimension of the radiating aperture, De, is considered in the 2De2/ min. measurement distance term, the measurement distance at higher frequencies is no longer dominated by the Fraunhofer distance.
Proposal 1: OEMs to provide feedback on effective radiating aperture dimensions for FR1 antennas integrated in smartphone UEs with maximum dimension of 20cm
Proposal 2: Consider the options in Table 2 for min. measurement distance for FR1 NR MIMO systems with 20cm test zone size.
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