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Introduction
During last meeting, [3] presented for the first time the advantages of an IFF based system for NR FR2 MIMO OTA. In last Way Forward [1] the following information was captured:
· System for FR2 MIMO OTA
· The group shall focus on finalizing the test method of the agreed FR2 3D-MPAC (using a common probe layout and a total number of 6 probes)
· Implementing the agreed 3D MPAC using IFF probes is not precluded (as long as same probe configuration and same number of probes is used)
· Alternate probe configurations (different locations and different number of probes) regardless of probe implementation (conventional probes or IFF) is FFS and can be further discussed in the WI
· Re-positioning of the NR MIMO probes can be further discussed in the WI to align the probes with NR FR2 RRM probe configurations

In this contribution we analyse the layout presented in [2] and show the advantages and improvements of implementing that layout with an IFF based system.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Simulation results
[bookmark: _GoBack]The results provided in [3] already showed an improvement on the PSP compared to DFF based system due to the significantly reduced amplitude and phase taper in IFF systems.
The simulation campaign has been extended using the probe layout already described in [2] and evaluating the PSP over the test volume as described in [4] and [5], where the spherical volume is sampled every 2cm and the PSP is calculated at each point. The probe layout from [2] is also detailed in table 2-1:


	Probe
	#1
	#2
	#3
	#4

	Absolut
	Azimuth [°]      
	129.00
	139.00
	164.00
	189.00

	
	Zenith[°]    
	72.50
	75.00
	75.00
	75.00

	 
	 
	
	
	
	

	Relative
	Azimuth [°]      
	-51.00
	-41.00
	-16.00
	9.00

	
	Elevation[°]    
	17.50
	15.00
	15.00
	15.00


Table 2-1: 4-probe proposed layout

For the IFF approach, the optimization of the system guarantees phase and power deviations equivalent to a range length of . Thus for a 20cm diameter test zone at fc=28GHz with the IFF, this is equivalent to a DFF with RL = 14.93m. Furthermore, simulation results for an equivalent range length of  (RL = 7.47m at fc=28GHz) are also provided to show the lowest boundary of the expected performance for different IFF implementations.
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Figure 2-1: CDF of PSP values, InO CDL-A


Figure 2-2: CDF of PSP values, UMi CDL-C

For clarity, table 2-2 summarizes the PSP% results for the IFF based system with 4 probe layout as per Table 2-1, and the results for DFF based systems analyzed in [2]:
	Ch. Model
	Metric
(over test volume)
	IFF 
4 probes (Table 2-1)

Equivalent 
	IFF 
4 probes (Table 2-1)

Equivalent 
	DFF

	DFF


	
	
	
	
	6 probes [4]
	6 probes [7]
	4 probes (Table 2-1)
	6 probes [4]
	6 probes [7]
	4 probes (Table 2-1)

	CDL-A
InO
	Mean PSP
	95.91%
	95.63%
	87.43%
	87.24%
	87.47%
	83.84%
	83.10%
	84.04%

	
	PSP Peak-to-Peak
	0.33%
	1.22%
	20.3% 1
	22.4% 2 
	17.40%
	26.9% 1
	30.4% 2
	23.81%

	
	PSP Standard Deviation
	0.07%
	0.29%
	-
	-
	3.96%
	-
	-
	5.68%

	CDL-C
UMi
	Mean PSP
	93.41%
	93.25%
	89.20%
	88.88%
	87.59%
	86.60%
	85.98%
	84.89%

	
	PSP Peak-to-Peak
	0.60%
	1.01%
	14.1% 1
	15.1% 2 
	14.01%
	20.0% 1
	20.9% 2
	19.71%

	
	PSP Standard Deviation
	0.10%
	0.18%
	-
	-
	3.23%
	-
	-
	4.57%


Note 1: estimated based on the CDF plots presented in [4]
Note 2: estimated based on the CDF plots presented in [7]
Table 2-2: PSP results for 4 probes location

As it can be observed, increasing the number of probes beyond 4 has a minimum effect on the mean PSP and the major improvement comes from the increased Range Length (RL).
Observation 1: The range length is the major factor that improves PSP systems performance for layouts with 3 or more probes.
Considering the results in this contribution and [2], the best compromise between PSP performance and system complexity is achieved with an IFF based system using the probe layout shown in table 2-1.
Proposal 1: Adopt the IFF based system with 4 probes, using the layout in table 2-1, as the baseline test system for NR FR2 MIMO OTA. 
Impact on Test System implementation and MU
As already mentioned in [3], the channel model generation, validation procedure and test procedure do not change between DFF and IFF based systems since the only difference is the OTA interface. 
Observation 2: Channel model generation, validation and test procedure are the same for both DFF and IFF approaches.
In addition, the overall test system performance is improved in IFF based systems, mainly driven by:
· Better mean PSP over the test volume.
· Higher feasible SNR.
· Lower QoQZ MU contribution.

Looking at the simulation results at different phases of the optimization, it can be observed that the sampled PSP per point over the test volume experience variations depending on the range length, probe weights and system type (DFF vs. IFF), among others. Since the PSP variation will change between system implementations and introduce additional error for device testing, it is proposed to consider it as an MU contribution to the overall budget.
Proposal 2: Add an MU contribution based on the PSP validation procedure on actual test systems, using the PSP standard deviation as MU term.
In addition, the results in table 2-2 show how the increase in number of probes does not improve the MU since the peak-to-peak PSP performance, and therefore the PSP standard deviation, is even worse than the proposed 4-probe layout in [2].  
[bookmark: _Ref473660868][bookmark: _Ref473660708][bookmark: OLE_LINK6][bookmark: OLE_LINK7]Conclusion
In this paper we have shared our analysis on the FR2 MIMO OTA test system for an IFF based implementation and we make the following observations and proposals:
Observation 1: The range length is the major factor that improves PSP systems performance for layouts with 3 or more probes.
Observation 2: Channel model generation, validation and test procedure are the same for both DFF and IFF approaches.
Proposal 1: Adopt the IFF based system with 4 probes, using the layout in table 2-1, as the baseline test system for NR FR2 MIMO OTA. 
Proposal 2: Add an MU contribution based on the PSP validation procedure on actual test systems, using the PSP standard deviation as MU term.
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