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Introduction
This contribution addresses channel model validation aspects for NR FR1 MIMO OTA
Spatial Correlation Options
The Way Forward from the last meeting [1] suggests three different approaches for spatial correlation channel model validation approaches as outlined in Figure 1.
[bookmark: _Ref23498201][image: ]
[bookmark: _Ref23498254]Figure 1: Spatial correlation channel model validation options
Option 1 is based on the same approach used for LTE spatial correlation validation while option 2 augments this approach by looking at the spatial correlation along two orthogonal lines. The line in Option 1 is perpendicular to the AoA=0o direction, while the vertical line in option 2 would be along the AoA=0o direction. 
Options 1 and 2 both require the use of linear slides which most systems do not have due to the added cost. Often, system vendors have used linear slides during the installation of LTE MIMO OTA systems to be used for spatial correlation validation measurements. These linear slides were then commonly replaced with turntables or combined-axes positioning systems since the correlation validation measurements only need to be performed once in the systems. Requiring Options 1 or 2 would require system vendors to temporarily replace the positioning systems with linear slides to perform the NR FR1 channel model validation measurements in existing system. This would be highly undesirable as this approach generally corresponds to longer down times and high costs. 
[bookmark: _Ref24014381]Observation 1: Options 1 and 2 correspond to extended down time and high costs to existing LTE MIMO OTA labs
On the other hand, Option 3 would allow existing LTE MIMO labs to quickly and cost effectively validate the spatial correlation performance in existing or new NR MIMO OTA systems as no linear slides are needed and as this approach just requires a turn table which is already part of the system
[bookmark: _Ref24014386]Observation 2: Option 3 allows labs to quickly and cost effectively validate the spatial correlation performance
It is therefore proposed to focus on Option 3 for NR FR1 MIMO spatial correlation validation measurements. 
[bookmark: _Ref24014393]Proposal 1: Select Option 3 for NR FR1 MIMO spatial correlation validation measurements

Procedure
The spatial correlation validation measurement setup is illustrated in Figure 2. The setup is similar to LTE case in sub-clause 8.3.1 of [2]. The network analyser transmits signals through the fading emulator and probes. Probes radiate the signals within the anechoic chamber and a receiving test antenna is placed within the test zone. The test antenna is attached to a positioner that can move the antenna to pre-defined spatial locations on a fixed radius from the centre of the quiet zone. The received signal is measured with the network analyser via the cable drawn on bottom of the figure.


[bookmark: _Ref23930113]Figure 2: Configuration for spatial correlation validation.
The measurement and analysis procedure is as follows:
1. Set the target channel model to fading emulator. 
2. For each position of the test antenna in the test zone, step & pause the emulator to different time instances. Measure the frequency responses  for all stepped channel snapshots , where the interval between frequency and time samples is  and , respectively. The number of channel snapshots  and frequency samples  should be sufficiently high so that the matrix can be estimated reliably. 	
3. Move the measurement antenna with a positioner to another location  and repeat step 2 to record frequency responses  of all stepped channel snapshots. 
4. Repeat step 3 to record frequency responses at all  spatial sample points. 
5. Stack measured time and frequency samples to a vector and calculate correlation between the first spatial sample point (i.e. ) and other spatial points  

6. Take the theoretical reference spatial correlation of the corresponding spatial sample points. Plot both the measured and theoretical curves.
7. Calculate the weighted rms correlation error between the measured and the refence.
Time and frequency samples
The number of temporal snapshots N and frequency samples M is TBD. They must be chosen to minimize the validation measurement time, but sufficiently high to keep an adequate correlation estimation accuracy. Fading emulators are typically capable of stepping & pausing a channel model. This was required also in sub-clause 8.4.4 of [2]. It is beneficial to choose the time sampling interval  larger than the coherence time of the channel model. such that the recorded time samples represent independent fading occasions. The same principle applies also to frequency sampling interval  and the channel coherence bandwidth. 
Spatial samples
A spatial sampling for the correlation validation measurement is proposed in Figure 3. The sampling follows ‘Option 3’ where circumference of test zone is sampled. The test zone is a circle with 20 cm diameter in horizontal plane. The reference point (denoted by a red marker) is in AoA 270, (x,y) =  (0,0.1) m in cartesian coordinates. The mean AoAs of the CDL-A and CDL-C models are slightly different, but the underlying geometry for the CDL model indicates that the mean AoA (or assumed LoS direction) of the model is 180°. The reference point orientation of the validation measurement is proposed to be with 90° offset to the channel model reference AoA to enable accurate sampling of the main lobe of the spatial correlation curve. The reference point orientation must be defined in the channel model coordinate system instead of the chamber/probe coordinate system to enable optimization of OTA model implementation to achieve better alignment with the cluster AoAs and probe directions. 
[bookmark: _Ref24097076]Proposal 2: Define the reference point of validation measurement in channel model coordinate system.
It is proposed to divide the circumference in two different sectors with uniform spacing within each sector. The first 90o wide sector clock-wise from the reference point, i.e. between 270 and 180, is sampled with 0.1 wavelength spacing. The remaining 270o wide sector from 180 to 90 is sampled with 0.5 wavelength spacing. This results in different spacings for different centre frequencies as indicated in Figure 3 for 7.125GHz (left) and 3.5GHz (right), i.e., for 7.125 GHz a total of 60 spatial sample points are used while a 3.5 GHz centre frequency yields 29 sample points.
In sub-clause 8.4.4 of [2] for the spatial correlation evaluation in LTE, the spatial sampling was done with 0.1 wavelength intervals. In LTE, however, the test zone was much smaller in wavelengths. For NR FR1 with a 20 cm test zone, such uniform spacing with 0.1 interval would provide a high number of sample points. To reduce the number of measurement points and consequently the measurement time, the non-uniform spatial sampling is proposed. This approach provides information of the main lobe of the spatial correlation curve, but also samples the full test zone dimension. 
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[bookmark: _Ref23938436]Figure 3. Spatial sampling for validation measurement: 7.125 GHz case (left) and 3.5 GHz case (right).

Simulation results of spatial correlation with the proposed sampling are presented in Figure 4  for UMi CDL-A and Figure 5 for UMa CDL-C. The simulations have been performed with 16 uniform probes and 1.2m range length. The results indicate that the sampled spatial correlation for the OTA model align well with the reference correlation only within a portion of the first 90o sector of the sampling grid, and therefore the dense sample grid outside that region is not necessary. 
[bookmark: _Ref24014397]Proposal 3: Adopt a non-uniform sampling approach of Option 3 to reduce measurement points and test time
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[bookmark: _Ref24096530]Figure 4. Correlation OTA vs reference model for UMi CDL-A: 3.5 GHz case (left) and 7.125 GHz case (right).
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[bookmark: _Ref24096551]Figure 5. Correlation OTA vs reference model for UMa CDL-C: 3.5 GHz case (left) and 7.125 GHz case (right).
[bookmark: _GoBack]Conclusion
The following observations and proposals were made in this contribution
Observation 1: Options 1 and 2 correspond to extended down time and high costs to existing LTE MIMO OTA labs
Observation 2: Option 3 allows labs to quickly and cost effectively validate the spatial correlation performance
Proposal 1: Select Option 3 for NR FR1 MIMO spatial correlation validation measurements
Proposal 2: Define the reference point of validation measurement in channel model coordinate system.
Proposal 3: Adopt a non-uniform sampling approach of Option 3 to reduce measurement points and test time
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