[bookmark: _GoBack]3GPP TSG RAN WG4 Meeting #94bis-e	R4-2004382
Electronic Meeting, 20 – 30 April, 2020
Source:		Rohde & Schwarz
Title:	System layout analysis and proposal for NR FR2 MIMO OTA
Agenda Item:	9.1.3.2
Document for:	Approval
Introduction
In the past few meetings, several contributions [4]-[8] were presented analysing the options and metrics to decide on a common probe layout for an NR FR2 MIMO OTA test system, but so far there is no agreement. The following information was captured in the Way Forward [1]:
· 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

· FR2 3D-MPAC layout
· The number of probes for FR2 3D-MPAC system is 6.
· CE vendors align on the 6 probes location before next RAN4 e-meeting.

In this contribution we analyse the layouts presented in [5] and [8], but also present a new system layout that simplifies the setup.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Analysis of probe locations proposals
According to TR 38.827 [2], two channel models, namely Indoor Office CDL-A and Urban Micro CDL-C, are to be considered. The channel model Power Angular Spectra (PAS), also known as Spatial Power Spectrum (SPS), are shown in Figure ‎2‑1 and Figure ‎2‑2 respectively, after filtering with the BS strongest beam and before considering the UE antenna array beam.

[bookmark: _Ref37139550]Figure ‎2‑1: SPS CDL-A InO


[bookmark: _Ref37139582]Figure ‎2‑2: SPS CDL-C UMi

In order to efficiently design a system to emulate the channel models and reduce the chamber footprint, the channel model strongest arrival angles are aligned, by rotating one of the channel models, while maintaining the relative angles within each channel model. The DUT is therefore rotated with respect to the probe location inside the chamber to emulate the original absolute impinging angles of each channel model.
In [5], this rotation and further definition of the probe locations are based on a ray-based implementation. While it may help to visualize channel model for the alignment purpose, only a subset of the cluster rays were selected to emulate the cluster PAS. In addition, it is obvious that the selected probe locations are asymmetric, which deviates from the symmetric 2D-Laplacian (in azimuth and elevation) distribution, our target PAS. Especially, as we know the PSP is calculated for the continuous PAS based on 2D-Laplacian distribution. Furthermore, the rays of each cluster are only a simplification of the intended cluster PAS and are only meant to be used in the channel emulator to reduce computational complexity. Whereas, the theoretical 2D-Laplacian distribution should remain the reference model, which should be spatially reproduced over the air in the chamber.
Observation 1: The reference channel model and PSP calculation is based on the continuous 2D-Laplacian distribution of the cluster PAS.
According to the figures in [5], it seems that two of the probe locations serve only to transmit single rays for one of the channel models, which is far from being optimal.
Observation 2: The ray-based implementation is not optimal to select the probe locations and does not address the target 2D-Laplacian PAS.
On the other hand, in [7] a cluster-based implementation was used for the same goal. The simulation results of this approach indicate that 3 probes per channel model is the optimal layout. In the conclusion it was clearly stated that more than three probes do not provide additional gain in terms of PSP performance. Therefore, selecting the direction of the main cluster after BS filtering to align both channel models will eventually reduce the number of probes below 6. 
Even though simulation results support the idea that the main driver to obtain good PSP results is to have one probe aligned with the centre of the main cluster after BS filtering, the proposed system in [8] is a generic layout not optimized for either of the considered channel models. Even if the channel model is rotated so that the main cluster is aligned with one of the probes, the remaining probe locations are still generic and thus not optimized for the channel model.
Observation 3: Generic layout is not optimized for either of the channel models.
With further optimization following the cluster-based implementation, it is possible to find a layout utilizing 4 probes optimized for the required two channel models that provides similar results to the 6-probe layouts proposed in [5] and [8]. The probe locations are shown in Table 2-1, with the corresponding alignment to the PAS per channel model in Figures 2-3 and 2-4. It has to be noted that InO CDL-A channel model has been rotated in order to align the direction of the main cluster after BS filtering to the corresponding one in UMi CDL-C. This rotation has been compensated in the simulations by the rotation of the DUT array accordingly.


	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


Figure 2-3: SPS InO CDL-A, including probe location
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Figure 2-4: SPS UMi CDL-C, including probe location

It should be noted that the above figures are using only 30dB power range for better visualization of the channel model strongest clusters, whereas the simulations further on considered all clusters in the channel models without power truncation. However, the variation in the results is negligible considering 30dB or more.
In order to evaluate the performance of this probe layout, similar PSP evaluation as described in [5] and [6] was performed, where the spherical volume is sampled every 2cm and the PSP is calculated at each point. The corresponding CDF curves and mean PSP are shown in Figure 2-5 and Table 2-2 respectively:

a)						b)
Figure 2-5: CDF of PSP values, a) CDL-A InO, b) CDL-C UMi

	Ch. Model
	Metric
	Range Length = 1.00m
	Range Length = 0.75m

	InO 
CDL-A
	PSP at center of test volume
	95.962%
	95.959%

	
	Mean PSP over test volume
	87.466%
	84.038%

	
	Peak-to-Peak PSP over test volume
	17.397%
	23.808%

	UMi 
CDL-C
	PSP at center of test volume
	93.448%
	93.449%

	
	Mean PSP over test volume
	87.589%
	84.886%

	
	Peak-to-Peak PSP over test volume
	14.007%
	19.708%


Table 2-2: PSP results for 4-probe layout

For clarity, table 2-3 summarizes the PSP results for the 3 probe layouts analysed in this contribution:
	Ch. Model
	Metric
(over test volume)
	DFF

	DFF


	
	
	6 probes 
[5]
	6 probes 
[8]
	4 probes
(Table 2-1)
	6 probes 
[5]
	6 probes
[8]
	4 probes (Table 2-1)

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

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

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

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


Note 1: estimated based on the CDF plots presented in [5].
Note 2: estimated based on the CDF plots presented in [8].
Table 2-3: PSP results for 4-probes vs. 6-probe layout

It can be observed that the 4-probe layout is performing slightly better than the 6-probe layout for InO CDL-A and the gain for UMi CDL-C is minimal (below 1.71%), 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.
In addition, the results in table 2-3 show how the increase in number of probes does not improve PSP quality over the test volume since the peak-to-peak PSP performance is even worse than the proposed 4-probe layout.
Observation 5: The peak-to-peak PSP performance of the 4-probe system layout in Table 2-1 is better than that of the 6-probe system layout.
Another advantage of the probe layout shown in Table 2-1 is that it can be implemented using IFF probes as well, with significant improvement in PSP performance, MU and SNR range as shown in [3].
Observation 6: 3D MPAC system with 4-probe layout shown in Table 2-1 can be implemented also using IFF probes.
Proposal 1: Adopt the 3D MPAC system with 4-probe layout shown in Table 2-1 for NR FR2 MIMO OTA.
[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 implementation and we make the following observations and proposal:
Observation 1: The reference channel model and PSP calculation is based on the continuous 2D-Laplacian distribution of the cluster PAS.
Observation 2: The ray-based implementation is not optimal to select the probe locations and does not address the target 2D-Laplacian PAS.
Observation 3: Generic layout is not optimized for either of the channel models.
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 peak-to-peak PSP performance of the 4-probe system layout in Table 2-1 is better than that of the 6-probe system layout.
Observation 6: 3D MPAC system with 4-probe layout shown in Table 2-1 can be implemented also using IFF probes.

Proposal 1: Adopt the 3D MPAC system with 4-probe layout shown in Table 2-1 for NR FR2 MIMO OTA.
References
[1] [bookmark: _Ref36824183]R4-2002471,	“WF on finalizing FR2 MIMO OTA”, CAICT, Keysight, RAN4 #94-e, February 2020
[2] [bookmark: _Ref36824218]R4-2002482,	“TR 38.827 v1.2.0 NR MIMO OTA”, CAICT, RAN4 #94-e, February 2020
[3] [bookmark: _Ref36826883]R4-2004384, “IFF based system for NR FR2 MIMO OTA”, Rohde & Schwarz, RAN4 #94-e-Bis, April 2020
[4] [bookmark: _Ref36824167]R4-2002479,	“Discussion on test system implementation for FR2 MIMO OTA”, Rohde & Schwarz, RAN4 #94-e, February 2020
[5] [bookmark: _Ref36824194]R4-2002478, 	“System Implementation of FR2 3D MPAC Systems”, Keysight Technologies, RAN4 #94-e, February 2020
[6] [bookmark: _Ref36826799]R4-1916175, “System Implementation of FR2 3D MPAC”, Keysight Technologies, RAN4 #93, November 2019
[7] [bookmark: _Ref36824276]R4-2002073, “System Design and Probe layout for FR2 MPAC MIMO OTA”, Spirent Communications, RAN4 #94-e, February 2020
[8] [bookmark: _Ref36824170]Draft R4-200wxyz, “System Design and Probe layout for FR2 MPAC MIMO OTA [rev of 2073]”, RAN4 #94-e, February 2020
Page 7
image3.png
SPS, CDL-A, StdIndOff, f_= 28GHz, BS Beam 1

100
105
110

115
90 100 110 120 130 140 150 160 170 180 190 200 210
azimuth [°]





image4.tiff
SPS, CDL-C, StdUmi, fc =28GHz, BS Beam 1

0 110 120 130 140 150 160 170 180 190 200 210 2
azimuth [°]





image5.png
CDF

0.9H

0.1

——RL = 0.75m, fc = 28GHz|
|——RL = 1m, fc =28GHz

CDL-A InO PSP CDF

75

80

85
PSP[%]

90

95

100




image6.png
CDF

0.9H

0.1

——RL = 0.75m, fc = 28GHz|
|——RL = 1m, fc =28GHz

CDL-C UMi PSP CDF

70

75

80

85
PSP[%]

90

95

100




image1.png
SPS, CDL-A, StdIndOff, f_= 28GHz, BS Beam 1

s
c
@
N

80 90 100 110 120 130 140 150 160 170 180 190 200 210 220

230 240 250 260 270 280
azimuth [°]





image2.png
SPS, CDL-C, StdUmi, f_=28GHz, BS Beam 1

s
c
@
N

80 90 100 110 120 130 140 150 160 170 180 190 200 210 220

230 240 250 260 270 280
azimuth [°]





