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Introduction
This contribution is an update of the last meeting’s PSP validation approach using a two-step process to obtain the PAS for the PSP calculation [1] while utilizing the MUSIC algorithm. Additionally, this contribution also provides a comparison with the approach based on spatial correlation proposed in [2].

In this contribution, we present two new optimized measurement arrays to decrease the required number of measurement positions and therefore overall test time and to improve the discrete PAS estimate by the MUSIC algorithm.  

Analysis & Discussion
The analysis is performed for both NR FR2 MIMO OTA CDL-A InO and CDL-C UMi channel models by using the strongest beam from the codebook of 128 beams. The range length considered in this contribution is 0.75 m and the probe locations proposed in [2] and adopted in [3] were used to simulate the measured PAS by DUT.  

Depending of the turntable architecture/implementation, the virtual array configuration for the PSP validation is composed of two alternative semi-circle arrangements (1 x horizontal and either 2 x crossed vertical or 2 x parallel vertical) of antenna elements with a spatial separation of min. 0.5 λ. The vertical sectors are limited to 60 (±30) and the horizontal sector to 180 (±90) and the broad side direction points towards the probes. The radius of the array element locations with respect to the centre of the test zone is 5 cm, which is equivalent to the half of the test zone radius at 28 GHz. The ease of implementation in 3D-MPAC with a two-axis positioner makes this approach a suitable candidate for the PSP validation measurements as there is no need for a linear actuator.
[image: ][image: ]
Figure 1: Two alternative semi-circle measurement array configurations with N = 37 elements (at 28 GHz). On the left with two crossed vertical sectors, on the right with two parallel vertical sectors.

For the two channel models considered for FR2 MIMO OTA, Figure 2-5(a) illustrate the reference theoretical PAS observed by the DUT, Figure 2-5(b) show the simulated OTA PAS observed by DUT, Figure 2-5(c) present the simulated measured PAS observed by the DUT, respectively.

The reference PAS in Figures 2-5(a) is a ray-based theoretical PAS evaluated with far-field assumptions. The simulated OTA PAS in Figures 2-5(b) is obtained at range length of 0.75 m by employing OTA probe weights and the strongest beam from the code book of 128 beam-grid with the 4x4 DUT sampling array. Finally, the simulated measured PAS in Figures 2-5(c) is obtained with a two-step process: 
(1) In the first step, the discrete azimuth and elevation angles are estimated for the measurement array configuration shown in Figure 1 using a MUSIC algorithm. The powers are estimated from the DoA and auto-covariance matrix of the received signal. The received signal includes fading and corresponds a simulated VNA response data. A near field to far-field conversion is applied for the transfer function from the probes to the measurement array positions.
(2) In the second step, the angle and power estimates, i.e. the discrete PAS of 6 azimuth and elevation directions and power values are used with conjunction of a 4x4 DUT sampling array for beamforming with the conventional Bartlett beamformer to estimate the “OTA PAS seen by DUT” for the PSP calculation. 

Either the theoretical or OTA PAS could be considered as a reference. As there is a frequency dependency in the results, there are two options to resolve that: 1) Have a single target PSP value but resize the measurement array as a function of frequency (define its size in wavelengths) or 2) Keep the measurement array size constant in centimetres but have a band-wise PSP target. Challenge for the array resizing option is the turntable rotation accuracy uncertainty in high frequencies. The PAS results are summarized in Table 1.
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Figure 2: Array with two crossed vertical sectors: PAS for CDL-A InO model, (a) the theoretical reference, (b) simulated OTA, and (c) simulated measurement.
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Figure 3: Array with two parallel vertical sectors: PAS for CDL-A InO model, (a) the theoretical reference, (b) simulated OTA, and (c) simulated measurement.
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Figure 4: Array with two crossed vertical sectors: PAS for CDL-C UMi model, (a) the theoretical reference, (b) simulated OTA , and (c) simulated measurement.
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Figure 5: Array with two parallel vertical sectors: PAS for CDL-C UMi model, (a) the theoretical reference, (b) simulated OTA , and (c) simulated measurement.


Table 1: PSP result for the theoretical reference and simulated measured PAS using the two-step process and MUSIC algorithm.
	Configuration
	Scenario
	Ref - OTA
	Ref - Measured
	OTA - Measured

	PSP with Array Configuration 1 
(1 Horizontal and 2 crossed vertical sectors)
	CDL-A
	93%
	91.9%
	97.7%

	
	CDL-C
	94.5%
	92.5%
	97%

	PSP with Array Configuration 1 
(1 Horizontal and 2 parallel vertical sectors)
	CDL-A
	93%
	92.3%
	98.1%

	
	CDL-C
	94.5%
	92.7%
	96.6%



[bookmark: _Ref40376401]Observation 1: The two-step process using the MUSIC algorithm shows PSP of >96% when the OTA PAS is considered the reference. 
In [2], the method for PSP validation based on spatial correlation measurement was proposed using 4x4 planar measurement array. Here, we present simulation results based on the aforesaid method for comparison purposes. The simulation parameters are similar to those used in the MUSIC based evaluation method described in the preceding section of this contribution. A 4x4 measurement array was proposed in [2] for the PSP validation, however with the 3D MPAC positioner setup, this needs to be approximated as a 4x4 spherical sector array as shown in the Figure 6 below. Figures 7 and 8 show the PSP results similar to those presented earlier for CDL-C UMi in Figure 7 and CDL-A InO in Figure 8; the results are tabulated in Table 3. Comparing the results from the two methods, it is evident that PSP is evaluated with a better accuracy when MUSIC based method is used.  
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	Figure 6: 4x4 spherical sector measurement array configuration.




	Beam 1, NR MIMO OTA CDL-C UMi, DUT:  4x4 Planar array, Measured: 4x4 Spherical sector array

PSP (Ref <--> OTA, RL: 0.75m): 94.5%
PSP (Ref <--> Meas, RL: 0.75m): 90.9%
PSP (OTA <--> Meas, RL: 0.75m): 92.2%
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	Figure 7: Method proposed in [2]: PAS for CDL-C UMi model, (a) the theoretical reference, (b) simulated OTA , and (c) simulated measurement.



	Beam 1, NR MIMO OTA CDL-A InO, DUT:  4x4 Planar array, Measured: 4x4 Spherical sector array

PSP (Ref <--> OTA, RL: 0.75m): 93%
PSP (Ref <--> Meas, RL: 0.75m): 86.1%
PSP (OTA <--> Meas, RL: 0.75m): 89.2%

	[image: ]
	[image: ]
	[image: ]

	Figure 8: Method proposed in [2]: PAS for CDL-A InO model, (a) the theoretical reference, (b) simulated OTA , and (c) simulated measurement.


Table 3: PSP result for the theoretical reference and simulated measured PAS for the method proposed in [2].
	PSP 
	Ref - OTA
	Ref - Measured
	OTA - Measured 

	CDL-A
	93%
	86.1%
	89.2%

	CDL-C
	94.5%
	90.9%
	92.53%



[bookmark: _Ref40376402]Observation 2: The PSP results using the spatial correlation-based approach are not as good as with the MUSIC based approach. 
It is therefore proposed to base the PSP validation approach on the two-step process using the MUSIC algorithm proposed in this contribution. 
[bookmark: _Ref40376403]Proposal 1: Adopt the PSP validation approach based on a virtual antenna array configuration with two vertical sectors and one horizontal sector and the MUSIC algorithm. 

Conclusion
In this contribution, we made the following observations and proposals. 
Observation 1: The two-step process using the MUSIC algorithm shows PSP of >96% when the OTA PAS is considered the reference.
Observation 2: The PSP results using the spatial correlation-based approach are not as good as with the MUSIC based approach.
Proposal 1: Adopt the PSP validation approach based on a virtual antenna array configuration with two vertical sectors and one horizontal sector and the MUSIC algorithm.
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