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Introduction
This contribution is reviewing the previous agreement made in RAN4#91 on range lengths for NR FR1 MIMO OTA MPAC systems [1], i.e., 
The measurement distance for FR1 MIMO OTA is at least 2 from the edge of the test zone
Analysis
The minimum range length for FR1 MIMO OTA MPAC systems, based on the previous agreement, is tabulated in Table 1
[bookmark: _Ref21002342][bookmark: _Ref21002338]Table 1: Previously agreed measurement distance for MIMO OTA (MPAC)
	f [GHz]
	RTZ+2λ [m]

	0.41
	1.56

	0.6
	1.10

	0.7
	0.96

	0.8
	0.85

	1.0
	0.70

	1.2
	0.60

	1.4
	0.53

	1.6
	0.47

	1.8
	0.43

	2.0
	0.40

	2.2
	0.37

	2.4
	0.35

	2.6
	0.33

	2.8
	0.31

	3.0
	0.30

	4.0
	0.25

	5.0
	0.22

	6.0
	0.20

	7.0
	0.19

	7.125
	0.18


[bookmark: _Ref21007850]Observation 1: The range lengths for frequencies beyond 1GHz and especially beyond 3GHz do not seem practical for an 8-probe sectorized or 16 uniform probe configurations
In this contribution, we analyse the worst-case scenario of 7.125GHz centre frequency which corresponds to a wave length of 4.21cm. Figure 1 illustrates the placement of one probe with respect to the 20cm test zone. 


[bookmark: _Ref20997095]Figure 1. Illustration of probe location with respect to the test zone for the previously agreed minimum measurement distance of 2 wavelengths from test zone edge for 7.125GHz (drawing is to scale).

Figure 2 shows magnitude and phase from a probe with two wavelength distance from the edge of QZ. We can observe the magnitude is rather stable, but phase fronts are still highly curved within the QZ denoted with black circle.
[image: ][image: ]
[bookmark: _Ref20997138]Figure 2. Magnitude (left) and phase (right) of a field radiated from a single isotropic probe.
We performed a set of spatial correlation simulations to evaluate the impact of limited range length of 2-dimensional MPAC OTA setup on emulation accuracy. Channel models are CDL-A and CDL-C as decided in RAN4#92 [2]. Again, the two strongest beams of a gNB are considered, as described in [3] and [4]. Their impact is applied to the departure rays. The fixed coupling as described in [5] of arrival and departure rays is applied. The impact of 2x2 initial phase matrix on ray powers is ignored. The reference spatial correlation is calculated for the ideal channel model, without any practical OTA restrictions, as defined in [3] and [4]. Now, as the intention is to evaluate range length effects, the spatial correlation in OTA case is calculated as follows: The spatial correlation of fading signals between spatial sample points p1 and p2 is

where , , and  are the amplitude weight of kth probe, free space path loss term, and the distance between point p1 and kth probe, respectively. The equation and its symbols are defined in [6]. 
Results
The following simulation results show the weighted rms spatial correlation error as a function of range length with CDL-A and C models. In both cases the frequency is 7.125GHz. Eight probes with probe locations jointly optimized to emulate both models are used. Sampling of quiet zone (QZ) follows option 6 of [3][7] with 20cm diameter of the disc/test zone. Probe directions and QZ sampling, together with visualization of ray power angular distribution are shown in Figure 3 and Figure 5 for CDL-A and CDL-C models, respectively. In CDL-C case the probe constellation is rotated with respect to the channel model PAS. In a real emulation setup, this can be done by mechanically turning the DUT correspondingly.
CDL-A 
Weighted rms correlation error of CDL-A model is shown in Figure 4. Range length of two wavelengths from the QZ edge would result in a weighted RMS correlation error of 0.32. The 0.1 and lower weighted RMS correlation error can be reached at range length of 1.2m or longer which clearly is an excess of the previously agreed 2 from the test zone edge. Different sample points of QZ observe probes in substantially different directions when the range length is short. The angular dispersion of CDL-A with the given gNB beamforming assumptions is quite narrow. This leads to high deviation of the target and resulting complex correlation coefficients. Thus, the correlation error is high up to the range lengths well beyond 1m.
[bookmark: _Ref21007928]Observation 2: The previous agreement that the range length for FR1 MIMO OTA is at least 2 from the edge of the test zone is not applicable for all NF FR1 frequencies given the sharp decline the weighted RMS correlation error as a function of range length. 
[image: ]
[bookmark: _Ref20928083]Figure 3. Probes, rays and QZ sample points. CDL-A model at 7.125GHz, probes are placed two wavelengths from the QZ edge. Rays are denoted with circles and their powers are colour coded in dB scale. QZ sampling points are black dots.
[image: ]
[bookmark: _Ref20928253]Figure 4. Weighted rms correlation error vs. range length. CDL-A model at 7.125GHz with eight optimized probe directions. The range length axis is both in wavelengths (top) and in metres (bottom).
CDL-C 
Weighted rms correlation error of CDL-C model is shown in Figure 6. Range length of two wavelengths from the QZ edge would result error of 0.13. The 0.1 and lower correlation error would be reached at range length of ~0.4m or longer. The angular dispersion of CDL-C is clearly wider than that of CDL-A model. As a consequence, this case is not that sensitive to limited range length. The error floor is a consequence of probe directions.
[image: ]
[bookmark: _Ref20928090]Figure 5. Probes, rays and QZ sample points. CDL-C model at 7.125GHz, probes are placed two wavelengths from the QZ edge. Rays are denoted with circles and their powers are colour coded in dB scale. QZ sampling points are black dots.
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[bookmark: _Ref20928662]Figure 6. Weighted rms correlation error vs. range length. CDL-A model at 7.125GHz with eight optimized probe directions. The range length axis is both in wavelengths (top) and in metres (bottom).

The results for the CDL-C models when compared to the results for the CDL-A channel model clearly show an effect of the channel model on the range length for NR FR1 MPAC systems.  
[bookmark: _Ref21007873]Observation 3: The channel model has an effect on the range length
The results in this contribution for 7.125GHz clearly show that the minimum measurement distance for NR MIMO OTA MPAC systems cannot be generalized to be 2 from the test zone edge. 
Most commercial LTE MIMO OTA MPAC systems have a minimum of 1.2m range length to support both 
· low-frequencies below 1GHz where RTZ+2exceeds 1m for <600MHz (Table 1) and 
· SISO OTA tests with at least one probe
Given the commercial desire from industry to re-use those LTE MIMO OTA MPAC systems as much as possible, a change of min range length beyond 1.2m for frequencies above 600MHz is not desirable. 
It is proposed to define a minimum range length other than the RTZ+2for NR FR1 MPAC systems, especially for systems covering just the mid to high bands, in order to guarantee consistency between different systems, e.g., 1 or 1.2m. 
[bookmark: _Ref21007938]Proposal 1: Define a minimum range length other than the RTZ+2for NR FR1 MPAC systems, especially for systems covering just the mid to high bands, in order to guarantee consistency between different systems


Conclusion
This contribution is reviewing the previous agreement made in RAN4#91 on range lengths for NR FR1 MIMO OTA MPAC systems. The following observations and proposals were made in this contribution:
Observation 1: The range lengths for frequencies beyond 1GHz and especially beyond 3GHz do not seem practical for an 8-probe sectorized or 16 uniform probe configurations
Observation 2: The previous agreement that the range length for FR1 MIMO OTA is at least 2 from the edge of the test zone is not applicable for all NF FR1 frequencies given the sharp decline the weighted RMS correlation error as a function of range length.
Observation 3: The channel model has an effect on the range length
Proposal 1: Define a minimum range length other than the RTZ+2l, for NR FR1 MPAC systems, especially for systems covering just the mid to high bands, in order to guarantee consistency between different systems
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