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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.
This is a revision of R4-2004384 to capture additional results obtained during RAN4#94bis-e meeting.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Simulation results
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].  
Analysis of probe locations proposals
During RAN4#94e-bis, two new 6-probe layout were presented:
· In [8], probe layout with 7 probes, where 2 of them are switched, but only 6 probes are active at a time.
· In [9], a combination of the proposals in [4] and [7]. A revised contribution was presented in [10] with additional corrections on the probe location and PSP values. This contribution consider the probe layout and PSP values in [10]. 
In order to show alignment with the simulation results and PSP calculations, we simulated the layout in [10] obtaining the following results shown in table 4-2, figure 4-1 and figure 4-2:

	Ch. Model
	Metric
	DFF

	DFF


	
	
	Simulations results in [10]
	R&S simulation results for probe layout in [10]
	Simulations results in [10]
	R&S simulation results for probe layout in [10]

	CDL-A
InO
	Mean PSP
	86.90%
	87.88%
	83.80%
	84.73%

	CDL-C
UMi
	Mean PSP
	89.70%
	89.52%
	86.90%
	86.82%


Table 4-2: PSP results for 6-probe layout in [10]


Figure 2-2: CDF of PSP values, InO CDL-A (R&S simulation for 6-probe layout in [10])
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Figure 2-2: CDF of PSP values, UMi CDL-C (R&S simulation for 6-probe layout in [10])
As it can be seen, our simulation results for the 6-probe layout in [10] are between 0.08% and 0.98% away for the best and worst case respectively compared to the ones provided in [10]. For these simulations we used our probe weight calculation algorithm. Further tuning on the probe weights is still possible to get closer results. Thus, we consider our simulation and PSP results are aligned.
Observation 3: simulations and PSP results between this contribution, [2], [9] and [10] are aligned.
For the sake of the discussion and similar to what is done in Table 2-2, we present here an updated summary of the PSP results for all the proposed layouts:
	Ch. Model
	Metric
(over test volume)
	IFF 
4 probes (Table 2-1)

Equivalent 
	IFF 
4 probes (Table 2-1)

Equivalent 
	DFF

	DFF


	
	
	
	
	6 probes 
[10]
	7 probes
[8]
	4 probes (Table 2-1)
	6 probes 
[10]
	7 probes
[8]
	4 probes (Table 2-1)

	CDL-A
InO
	Mean PSP
	95.91%
	95.63%
	86.90%
	89.10%
	87.47%
	83.80%
	85.77%
	84.04%

	
	PSP Peak-to-Peak
	0.33%
	1.22%
	Note 1
	17.60% 2
	17.40%
	Note 1
	23.20% 2
	23.81%

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

	CDL-C
UMi
	Mean PSP
	93.41%
	93.25%
	89.70%
	89.40%
	87.59%
	87.10%
	86.71%
	84.89%

	
	PSP Peak-to-Peak
	0.60%
	1.01%
	Note 1
	13.70% 2
	14.01%
	Note 1
	18.60% 2
	19.71%

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


Note 1: not provided in [10]
Note 2: estimated based on the CDF plots presented in [8] 
Table 4-2: PSP results for 3 different layouts 

It was noted before that the CDF of the PSP in the test volume determines the fluctuation of the reproduced PAS accuracy and thus the MU encountered. The mean PSP values are not sufficient to evaluate the quality of the system and compare it to other proposals. These values are still missing in [10] and thus a complete comparison is not possible.
As already mentioned in [2], it can be observed that the proposed 4-probe layout in table 2-1 based system has similar performance compared 6-probe layout when considering a DFF based system, even better performance for CDL-A InO compared to the layout in [10], while the system complexity for the additional two probes will be heavily impacted: 
· 2 additional probes (+50%)
· 4 additional radio heads (+50%)
· 4 additional RF fading outputs (+50%)
· Corresponding fading digital channels (+50%)
Observation 4: The 4-probe system layout proposed in Table 2-1 reduces the system complexity while showing similar performance to 6-probe systems.

Compromise layout
In order to reach agreement between the probe layout in table 2-1 and the one in [10], a new compromise layout is proposed. Further description and analysis of this probe layout is provided in this section.
Probe layout is given in table 5-1 and corresponding channel model rotations are provided in table 5-2:
	Probe
	#1
	#2
	#3
	#4
	#5
	#6

	Absolut
	Azimuth [°]
	129.00
	142.00
	164.00
	164.00
	164.00
	189.00

	
	Zenith[°]
	70.00
	75.00
	70.00
	75.00
	80.00
	75.00

	
	
	
	
	
	
	
	

	Relative
	Azimuth [°]
	-51.00
	-38.00
	-16.00
	-16.00
	-16.00
	9.00

	
	Elevation[°]
	5.0
	0.0
	5.0
	0.0
	-5.0
	0.0


Table 5-1: 6-probe proposed compromise layout

	Channel Model
	Φ [°]
	θ [°]

	CDL-A InO
	-38.5
	-15

	CDL-C UMi
	0
	0


Table 5-2: Channel model rotations

Figure 5-1 presents an approximate representation of how the three probe layouts (compromise in 5-1, table 2-1 and [10] look like, assuming a centering of the probes around 90deg zenith like in [10]:
[image: ]
Figure 5-1: CDF of PSP values, InO CDL-A

Table 5-3 presents the comparison between the layout in Table 5-1 and the one presented in [10]:
	Ch. Model
	Metric
(over test volume)
	
	

	
	
	6 probes 
[10]
	6 probes 
Table 5-1 
	6 probes 
[10]
	6 probes 
Table 5-1

	CDL-A
InO
	Mean PSP
	86.90%
	87.95%
	83.80%
	84.5%

	
	PSP Peak-to-Peak
	Note 1
	18.20%
	Note 1
	24.24%

	
	PSP Standard Deviation
	-
	4.28%
	-
	5.72%

	CDL-C
UMi
	Mean PSP
	89.70%
	89.67%
	87.10%
	86.90%

	
	PSP Peak-to-Peak
	Note 1
	15.01%
	Note 1
	20.22%

	
	PSP Standard Deviation
	-
	3.41%
	-
	4.60%


Note 1: not provided in [10]
Table 5-3: PSP results for probe layout
As it can be observed in Table ‎5‑3, the 6-probe layout proposed in table 5-1 performs slightly better for CDL-A InO, whereas for CDL-C it is almost identical (up to 0.28% difference).
Observation 5: The proposed 6-probe layout in Table 5-1 gives almost identical results to the 6 probe layout in [10].

Number of probes used for each channel model
It has been mentioned in [2] that using a higher number of probes does not necessarily provide better mean PSP. It has also been concluded in [6] that 3 probes per channel model are sufficient to reach good PSP. 
Looking precisely at CDL-A InO channel model and how the probe layout in [10] with its corresponding channel model rotation overlaps with the channel model PAS as shown in Figure 5-2, it is obvious that the probe marked with the red circle in the figure is falling out of any cluster power centre and is only at the edge of the strongest cluster with relative power below -45dB. According to our optimization algorithm for the probe weights, that performs better for CDL-A in comparison to [10] (see the comparison Table ‎5-3), this probe is not used in this case.


Figure 5-2: 6-Probe layout from [10] with CDL-A InO for 50dB power range, with the probe locations marked with white points. 

In addition, we observed that applying further tuning to the channel model rotation for CDL-A InO, only 4 probes are required to reach a better mean PSP results compared to [10] but using the same probe layout. 
RL = 0.75 m  PSP mean = 85.26%
RL = 1m  PSP mean = 88.51%
Observation 6: By using only 4 probes out of 6 for CDL-A InO and different rotations than in [10], better mean PSP results were reached.
Furthermore, the power dynamics of an FR2 OTA system is less than 30dB, thus emulating lower powers, e.g. in the range of -45dB in this case is impossible.
Observation 7: For a 6-probe layout not all probes are necessarily used for each channel model and utilization depends on the TE vendor’s weight optimization algorithm.

Comparing different system implementations, we can observe different behavior of the PSP for different DUT antenna offsets on the test volume. Using the 6-probe layout in Table 5-1 we compare a DFF with an IFF implementation: the first considering all 6 probes for the probe weight optimization, whereas the second one using only a subset of the 6 probes for each channel model. The same subset was used for both channel models.
By shifting the DUT in different azimuth direction namely 30°, 60°, 90°, 120°, 150° and zenith = 90° (elevation = 0°) from -10cm to 10cm with steps of 1cm going through the center of the test volume, we observe the ripple of the emulated PSP for each offset. The following figures display our observation for each system implementation for different RL.



a)						b)

[image: C:\Users\khoury_r\AppData\Local\Microsoft\Windows\INetCache\Content.Word\CDL-A-DUT_OS-RL_14_93.tif]
c)						d)
Figure 5-2: CDL-A InO PSP ripple for different DUT shift directions, a) DFF with RL = 0.75m, b) DFF with RL = 1.00m, c) IFF with equivalent , d) IFF with equivalent ,



a)						b)
[image: C:\Users\khoury_r\AppData\Local\Microsoft\Windows\INetCache\Content.Word\CDL-C-DUT_OS-RL_14_93.tif]
c)						d)
Figure ‎5‑3: CDL-C UMi PSP ripple for different DUT shift directions, a) DFF with RL = 0.75m, b) DFF with RL = 1.00m, c) IFF with equivalent , d) IFF with equivalent ,

Observing the PSP fluctuation over various shift directions we can conclude the following:
· The PSP variation is more significant for a DFF based system.
· In order to limit the biasing of different DUT measurement results it is proposed to set a limit on the system maximum peak-to-peak deviation and minimum PSP.
· An IFF based implementation performs significantly better in term of mean PSP (see Table 5-3) and PSP fluctuation utilizing even a subset of the 6-probes tabulated in Table ‎5‑1.
Observation 7: With an IFF based system, only a subset of the 6 probes was used to reach better PSP performance in terms of mean PSP and peak-to-peak than a 6-probe DFF based implementation.
	Ch. Model
	Metric
(over test volume)
	IFF 
Table 5-1
probe subset

Equivalent 
	IFF 
Table 5-1
probe subset

Equivalent 
	DFF

	DFF


	
	
	
	
	6 probes 
[10]
	6 probes Table 5-1
	6 probes 
[10]
	6 probes Table 5-1

	CDL-A
InO
	Mean PSP
	96.30%
	95.98%
	86.90%
	87.95%
	83.80%
	84.5%

	
	PSP Peak-to-Peak
	0.70%
	1.83%
	Note 1
	18.20%
	Note 1
	24.24%

	
	PSP Standard Deviation
	0.15%
	0.43%
	-
	4.28%
	-
	5.72%

	CDL-C
UMi
	Mean PSP
	93.66%
	93.50%
	89.70%
	89.67%
	87.10%
	86.90%

	
	PSP Peak-to-Peak
	0.59%
	0..98%
	Note 1
	15.01%
	Note 1
	20.22%

	
	PSP Standard Deviation
	0.10%
	0.21%
	-
	3.41%
	-
	4.60%


Note 1: not provided in [10]

Proposal 3: Adopt a fixed 6-probe layout proposed in Table ‎5‑1, while leaving the utilization of the probes up to the TE vendor’s probe weight optimization algorithm and system implementation.
[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.
Observation 3: simulations and PSP results between this contribution, [2], [9] and [10] are aligned.
Observation 4: The 4-probe system layout proposed in Table 2-1 reduces the system complexity while showing similar performance to 6-probe systems.
Observation 5: The proposed 6-probe layout in Table 5-1 gives almost identical results to the 6 probe layout in [10].
Observation 6: By using only 4 probes out of 6 for CDL-A InO and different rotations than in [10], better mean PSP results were reached.
Observation 7: For a 6-probe layout not all probes are necessarily used for each channel model and utilization depends on the TE vendor’s weight optimization algorithm.

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.
As an alternate compromise option to Proposal 1, we propose:
Proposal 3: Adopt a fixed 6-probe layout proposed in Table ‎5‑1, while leaving the utilization of the probes up to the TE vendor’s probe weight optimization algorithm and system implementation.
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