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1
Introduction

Multiple documents on FR2 MPAC design has been shown in RAN4 meetings [1]-[8] and various aspects of the system design is proposed. As per recommendations of RAN4 meeting #92 in Reno, NV, USA, it is desired to set the test system as precisely as possible to avoid uncertainties on the test system. 
This document summarizes the latest investigations done by Spirent and outlines the system proposal.
2
Details
So far, the discussion of the Figure of Merit has revolved around PSP (or TVD) in FR2 MPAC [9]. PSP is taken as the key metric also in this document to align the previous discussions and proposals from other companies. The key points of the down selected channel models are following: 1) Models to be used are UMi CDL-C and InO CDL-A and 2) All models are filtered by gNb antenna in spatial domain to practically form spatially single cluster models if proper power threshold cut is performed to filtered channel model. The threshold is generally set as dB value to down from peak value. 
In below figure both investigated channel models [10],[11] are shown in case when the gNb array is applied.
	[image: image23.png]1nO COL-A at 28 GHz, Beam 1, 1 Probe response.
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Figure 1. Clusters after gNb filtering CDL-C UMi and CDL-A InO.
If the power are sorted and 3 strongest clusters are investigated we get following table

[image: image3.emf]Model 3 strongest Clusters ind. Power 1 [dB] Power 2 [dB] Power 3 [dB]

CDL-A InO 2,3,5 23.9573 -32.0115 -35.9285

CDL-C UMi 4,2,1 23.0401 5.8506 -5.3172


Observation 1: CDL-A InO is single cluster model, while CDL-C UMi has two significant clusters.
Obviously, CDL-A InO is single cluster model after gNb filtering, while the CDL-C UMi deserves further check. Examining clusters’ AoA/ZoA information of CDL-C, we note that clusters 4 and 2 represent the same spatial cluster. The cluster 1 in CDL-C is separate spatial cluster, however it is 28.3 dB lower in power. Therefore, we can neglect that from the treatment.
The PSP represents how the test antenna sees the channel models. As UE test antenna, typically we use 4x4 antenna, with 0.5( separation between elements [1]-[8]
If the PSP is calculated from the down selected models is calculated, we get power spectrum in angular domain. It looks as shown below (@RL=75 cm):
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Figure 2. PSP of CDL-A InO and CDL-C UMi with strongest direction plotted.

Strongest signal direction is marked with green circle. Strongest signal should be the main direction that is illuminated by the test system. Thus, the strongest signal direction is the centre of cluster to be modelled. Location of the circle is
Table 1. Strongest beam directions

[image: image6.emf]Channel Model Scaling AoA ZoA

CDL-A InO 20 93.5714

CDL-C UMi -20 72.1429




There are two considerations to make: 1) what are the optimal probe locations and 2) what are the optimal probe weights. 

Let us start the consideration by noticing that PSP can be improved by adding probes as shown below.

	
[image: image7]
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Figure 3. PSP across the test volume, effect of probe count to CDL-A InO and CDL-C UMi
The PSP obviously has lower value in boundaries; however, it is observable that biggest gain of PSP is obtained when the number of probes is increased from 1 to 3. If the probe count per channel model is greater than 3, there is practically no improvement of PSP.


The PSP shall be set such that the whole test zone (or test volume) is covered, one technique shown in [9].  In below we show simulation results of optimized weights and probe locations with corresponding PSP number after 10 iterations. We assume that PSP can be slightly better with different settings, but not more than 2% (based on the simulations so far).

The PSP is calculated totally in 7 positions in test volume, 6 on the boundaries and one in centre. This selection is done on purpose to weight more on the low PSP values. As seen from Fig. 3 and Fig. 4, the PSP tends to be lower in the boundary and calculating in these points we can gain most of the weight and probe placement optimization.

[image: image9]
Figure 4. Grid of optimization points.



	

	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	


	

	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	






A modified design is proposed below.

The proposal in figure 6 utilizes a single generic probe layout to emulated both CDL-A InO and CDL-C UMi.  An azimuth rotation offset is utilized for both models to align the strongest clusters and a simple elevation tilt of the turntable, e.g. < 20 degrees, is used to account for the difference in elevation for the two channel models.  

The layout in figure 6 has several benefits for the overall system.  

· The probes have a reasonable separation of at least 10° to facilitate implementation.   

· A single support structure can be used to mount all 6 probes

· Due to the overall size of the layout, a smaller chamber is possible

· Shorter cable runs can be made, to reduce the RF losses

· Since the layout is generic, it is expected that other channel models can also be supported with this structure


[image: image11]
Figure 6. Combined probe layout for CDL-A InO and CDL-C UMi

The probes are laid out in a generic fashion and the probe weights are optimized to match the channel model behaviour in order to get a sufficient PSP level.

Table 3. Optimized PSP for figure 6 probe layout.

[image: image12.emf]PSP%

RL CDL-A InO CDL-C UMi

1m  87.24% 88.88%

75 cm 83.10% 85.98%

Channel Model


The resulting mean PSP values are shown in table 3. 
Grid points of figure 6 are listed in below table 4.  Note that the Probes may be elevated at a convenient angle since the turntable is expected to allow tilting over an approximate range of 0 to 20 deg.  Although tilting is an extra requirement, it will enable a chamber size that could be significantly smaller, along with the other benefits mentioned above. 
Table 4. Optimized PSP for figure 6 probe layout.

[image: image13.emf]Azimuth -15 -5 -5 5 5 15

Elevation 93.5 88.5 98.5 88.5 98.5 93.5

Probe locations


By using a compact probe layout, the size of the wall shrinks: In azimuth the spread is 30 degrees and in elevation 10 degrees.

Observation 1. By using a generic layout to allocate probes and using optimize the weights, the size of the wall shrinks to az=30° x el=10°, which improves many design parameters.

Corresponding cumulative distribution function plots are shown below in figures 7 and 8 for 1m RL and 75 cm RL.  The CDFs are evaluated using a 2cm grid in the x, y, z test volume.  
[image: image14.png]Prob PSP < absissa
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Figure 7.  CDF of PSP at 1m range length
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Figure 8. CDF of PSP at 75cm range length
It is harder to get high PSP value at 75 cm than 1 m due to the angles observed in the test volume, yet the link budget gets better and chamber size is smaller.  The worst-case PSP value is > 83% for the shorter RL with this implementation.  PSP values for 1m match those of more complicated probe layouts likely requiring larger chambers [12].    

Proposal 2: Adopt the regular grid of probes from figure 6 to ease implementation, reduce chamber size, and allow shorter cables.
3
Conclusions
This contribution proposed system layout for FR2 test system. The main conclusions were 



Observation 1. By using a generic layout to allocate probes and using optimize the weights, the size of the wall shrinks to az=30° x el=10°, which improves many design parameters.
Proposal 1: Agree on 6 probes to support both CDL-A InO and CDL-C UMi channel models, in FR2 MPAC MIMO OTA.

Proposal 2: Adopt the regular grid of probes from figure 6 to ease implementation, reduce chamber size, and allow shorter cables.
4
References

[1] R4-1910994, “On the probe layout on FR2 MPAC systems, continued,” Spirent Communications, 3GPP, October 2019.
[2] R4-1912105, “System Implementation of FR2 3D MPAC Systems,” Keysight Technologies, 3GPP, October, 2019.
[3] R4-197949,” On the probe layout on FR2 MPAC systems”, Spirent Communications, 3GPP, August 2019.

[4] R4-1906940,” On the probe layout on FR2 MPAC systems”, Spirent Communications, 3GPP, May 2019.
[5] R4-1909729, “System Implementation of FR2 3D MPAC”, Keysight Technologies, 3GPP, August 2019.
[6] R4-1915062, “Range length and probe layout considerations in 5G NR FR2”, Spirent Communications, 3GPP, November 2019. 

[7] R4-1915072, “Sensitivity of PSP to UE position in test volume”, Spirent Communications, 3GPP, November 2019.
[8] R4-1915079,” System Implementation of FR2 3D MPAC Systems”, Keysight Technologies, 3GPP, November 2019.

[9] . P. Kyosti, L. Hentila, W. Fan and M. Latva-aho, “On Radiated Performance Evaluation of Massive MIMO Devices in Multiprobe Anechoic Chamber OTA Setups”, IEEE Trans. on antennas and Propagation, Vol. 66, No. 10, Oct 2018
[10] R4-1907830, “Channel model parameters for UMi and InO CDL-A and C for FR2”, Keysight Technologies and Spirent Communications, 3GPP, May 2019.

[11] R4-1910399, “TP to 38.827 on Channel Models”, Keysight Technologies and Spirent Communications, 3GPP, August 2019.
[12] R4-2002155, “System Implementation of FR2 3D MPAC System”, Keysight Technologies, 3GPP, Feb 2020.
[image: image1.emf]0 5 10 15 20

Taps

-40

-30

-20

-10

0

10

20

30

R

e

l

a

t

i

v

e

 

P

o

w

e

r

 

i

n

 

d

B

UMi CDL-C at 28 GHz BS Array=8x16, Strongest Beam Response

Per Element pattern at BS, Gm = 8dB, Fc=28GHz

BS array

Isotropic

[image: image18.png]40 TR Combined Probe Layoutfor CDL-A In0 and CDL-C UMi

70

100

Elevation in degrees

110

120
40 30 20 -0 0 10 2 30

Azimuth in degrees



[image: image19.png]UMi CDL-C CDF of PSP % across test volume, RL =
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[image: image22.png]UMi CDL-C at 28 GHz, Beam 1, 1 Probe response
RL = 0.75m, Array Offset=0 ), PSP = 84.03
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