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Introduction
This contribution proposes to switch from Option 5 to Option 6 for the Weighted RMS Correlation Error analyses for the NR FR1 MIMO OTA MPAC system layout discussions. 
Discussion
In [1], several options to determine the RMS correlation error were presented. The definition of [1] opens at least six interpretations. They are illustrated in Figure 1 and described as follows:
1. The spatial correlation is evaluated between locations along a 20cm long segment of line centred at the origin and being orthogonal to the highest power direction of the PAS (=  = mean of PAS). The reference location is the origin and the other location changes symmetrically to left and right from the origin. This should result to a symmetrical spatial correlation function and the maximum spacing to be evaluated is 10cm.
2. As interpretation 1. but the reference point is, e.g., one end of the segment of line. This results to a non-symmetric spatial correlation function and the maximum spacing to be evaluated is 20cm.
3. The spatial correlation is evaluated between the origin and locations on a circle centred at the origin and having the radius of 10cm. This should result to a periodic spatial correlation function and only the spacing of 10cm is evaluated with different orientations with respect to the PAS.
4. The spatial correlation is evaluated between locations on a circle centred at the origin and having the radius of 10cm. There is not a fixed reference point, but all pairs of sample points along the circle are considered. The maximum spacing to be evaluated is 20cm.
5. The spatial correlation is evaluated between the origin and locations within a circular disc centred at the origin and having the radius of 10cm. The maximum spacing to be evaluated is 10cm.
6. The spatial correlation is evaluated between locations within a circular disc centred at the origin and having the radius of 10cm. There is not a fixed reference point, but all pairs of sample points within the disc are considered. The maximum spacing to be evaluated is 20cm.



Figure 1. Illustrations of six sampling assumptions for spatial correlation evaluation.

[bookmark: _Ref7775931]Observation 1: The spatial correlation validation procedure, specifically the sampling assumptions, need to be agreed as the current definition is ambiguous 
In this contribution we follow interpretation #5. However, because the spatial correlation would be evaluated only with maximum spacing of 10cm we have increased the radius of the disc to 20cm. By this change we evaluate the spatial correlation function on distances up to 20cm, which is the agreed maximum DUT and test zone size in [1].


Option 5 vs Option 6
Weighted RMS correlation errors were presented in [1][2] based on the modified Option 5 proposed in [1] (highlighted in yellow above) which did not align with the agreement captured in the WF of [3], i.e., analyses were presented for a disc with 20cm radius (40cm diameter) and a max antenna separation of 20cm. 
After offline discussions and email exchanges on the NR MIMO OTA reflector, it is proposed to switch from option 5 to option 6 for the weighted RMS correlation error NR FR1 analyses to avoid any confusion and to align the size of the disc with the maximum antenna separation of 20cm which corresponds to the largest test zone size for smartphone UEs. The weighted RMS correlation error results for Options 5 and 6 are compared in Figure 1-Figure 4. 
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[bookmark: _Ref20923582]Figure 1: Weighted RMS spatial correlation error for different channel models, centre frequencies, and probe configurations. Option 5 (40cm diameter disc, 20cm max antenna separation) was used for the analyses.
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Figure 2: Weighted RMS spatial correlation error for different channel models, centre frequencies, and probe configurations. Option 6 (20cm diameter disc, 20cm max antenna separation) was used for the analyses.
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Figure 3: Weighted RMS spatial correlation error for different channel models and centre frequencies. Only the sectorized probe configuration was used for the analyses with Option 5 (40cm diameter disc, 20cm max antenna separation) and Option 6 (20cm diameter disc, 20cm max antenna separation).
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[bookmark: _Ref20923584]Figure 4: Weighted RMS spatial correlation error for different channel models and centre frequencies. Only the sectorized probe configuration was used for the analyses with Option 5 (40cm diameter disc, 20cm max antenna separation) and Option 6 (20cm diameter disc, 20cm max antenna separation).



The results show very similar behaviours between the two options. Generally, the weighted RMS correlation error is lower for Option 6 than for Option 5. 
[bookmark: _Ref20924875]Observation 1: The weighted RMS correlation error behaviour is very similar when comparing Option 5 with Option 6. Generally, the weighted RMS correlation error is lower for Option 6 than Option 5.
[bookmark: _Ref20924882]Proposal 1: Base the weighted RMS correlation error for the system design purposes on Option 6 instead of Option 5.
Option 6 Sampling Grid
In the WF [3], a rectangular spatial correlation sampling grid inside the disc with equal step size of x=y=0.1was agreed. Such sampling can result in a large number of possible combinations to analyse for Option 6. We therefore compared analyses for different channel models and two different probe configurations for three different sampling steps of 0.1, 0.15, and 0.25summarized in Figure 5.
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[bookmark: _Ref20924712][bookmark: _Ref20924709]Figure 5: Effect of sampling grid on analyses

The results show that a rectangular grid with x=y of 0.25 seems sufficient.
[bookmark: _Ref20924888]Proposal 2: For Option 6, analyses shall use a rectangular spatial correlation sampling grid inside the disc with step size of x=y≤0.25


Conclusion
The following observations and proposals were made in this contribution
Observation 1: The weighted RMS correlation error behaviour is very similar when comparing Option 5 with Option 6. Generally, the weighted RMS correlation error is lower for Option 6 than Option 5.
Proposal 1: Base the weighted RMS correlation error for the system design purposes on Option 6 instead of Option 5.
Proposal 2: For Option 6, analyses shall use a rectangular spatial correlation sampling grid inside the disc with step size of x=y≤0.25
References
[1] [bookmark: _Ref20921443]R4-1906829, On 2D NR FR1 MPAC Implementations, Keysight Technologies, 3GPP TSG-RAN WG4 Meeting #91, May 2019
[2] [bookmark: _Ref20922218]R4-1909728, System implementation of FR1 2D MPAC, Keysight Technologies, 3GPP TSG-RAN WG4 #92, August 2019
[3] [bookmark: _Ref20921660]R4-1906111, WF on NR MIMO OTA, CAICT, Spirent, vivo, Apple, SGS, 3GPP TSG-RAN WG4 Meeting #91, May 2019
image1.emf
20 cm

20 cm

1. 2. 3.

4.

5. 6.

= fixed reference point


Microsoft_Visio_2003-2010_Drawing.vsd
20 cm


20 cm


1.


2.


3.


4.


5.


6.


= fixed reference point



image10.emf
20 cm

20 cm

1. 2. 3.

4.

5. 6.

= fixed reference point


Microsoft_Visio_2003-2010_Drawing1.vsd
20 cm


20 cm


1.


2.


3.


4.


5.


6.


= fixed reference point



image2.png
c o 9
N  ©

o©
o

©
~
T

o
w

weighted rms correlation error
o
(&3]

o©
N

0.1

Spatial correlation error with 2D PAS, QZ sampling option 5 (D=40cm)
T T T T T

—— f,=3.5GHz, CDL-A (UMi), ring

——f,=3.5GHz, CDL-C (UMa), ring

———f,=7.15GHz, CDL-A (UMi), ring
——f,=7.15GHz, CDL-C (UMa), ring
L - - fc=3.SGHZ,CDL-A (UMi), sector ||
- fc=3.SGHz,CDL-C(UMa), sector
r - fc=7.1SGHZ, CDL-A (UMi), sector ||
S fc=7.1SGHz, CDL-C (UMa), sector

0 10 20 30 40 50 60

number of probes




image3.png
©c o o 9
o N © ©

weighted rms correlation error
o
(&3]

Spatial correlation error with 2D PAS, QZ sampling option 6 (D=20cm)
T T T T T

—— f,=3.5GHz, CDL-A (UMi), ring

r ——f_=3.5GHz, CDL-C (UMa), ring
———f,=7.15GHz, CDL-A (UMi), ring
——f,=7.15GHz, CDL-C (UMa), ring
- - fc=3.SGHZ, CDL-A (UMi), sector
[ fc=3.SGHz,CDL-C(UMa), sector
r - fc=7.1SGHZ, CDL-A (UMi), sector
S fc=7.1SGHz, CDL-C (UMa), sector

0 10 20 30 40 50 60

number of probes




image4.png
weighted rms correlation error

Spatial correlation error with 2D PAS
T T T T

——f_=3.5GHz, CDL-A (UMi), sector, Opt5
0.9 —fc=3.SGHz, CDL-C (UMa), sector, Opt5 |
_fc=7.1SGHZ, CDL-A (UMi), sector, Opt5

0.8k ——f_=7.15GHz, CDL-C (UMa), sector, Opt5 | |
— — f=3.5GHz, CDL-A (UMi), sector, Opt6
07F - fc=3.SGHz,CDL-C(UMa), sector, Opt6 ||
- fc=7.1SGHZ, CDL-A (UMi), sector, Opt6
0.6 - — = f=7.15GHz, CDL-C (UMa), sector, Opt6 | |
0.5 N

number of probes




image5.png
0.9

©
~

weighted rms correlation error
o
(&3]

o
w

Spatial correlation error with 2D PAS
T T T T

——f,=3.5GHz, CDL-A (UMi), ring, Opt5
——f,=3.5GHz, CDL-C (UMa), ring, Opt5
———f,=7.15GHz, CDL-A (UMi), ring, Opt5
——f,=7.15GHz, CDL-C (UMa), ring, Opt5 |
— — f,=3.5GHz, CDL-A (UMi), ring, Opt6

— = f,=3.5GHz, CDL-C (UMa), ring, Opt6
~ — f,=7.15GHz, CDL-A (UMi), ring, Opt6
— = f,=7.15GHz, CDL-C (UMa), ring, Opt6 ||

number of probes





image6.png
CDL-C, fc =7.125 GHz, ring 16

o
©

©
~

probability(error<abscissa)

o©
N

—0.1A QZ sampling
=——=0.15)\ QZ sampling
~———0.25)\ QZ sampling

rms = 0.20

rms = 0.20
rms = 0.20

0.1 0.2 0.3 0.4 0.5 0.6
weighted correlation error





image7.png
CDL-A, fc = 7.125 GHz, optimized 8

1
0.1X QZ sampling
=——=0.15)\ QZ sampling
=08 ~——0.25) QZ sampling
3
i)
(5]
7]
Q
\2 0.6
<
k)
204+
=
©
Q
[S
20271 rms = 0.07
rms = 0.07
rms = 0.07
0 . . . . .
0 0.1 0.2 0.3 0.4 0.5

weighted correlation error




image8.png
CDL-C, fc =7.125 GHz, ring 16

o©
o
a

probability
o
o
=

0.1A QZ sampling
=———0.15X QZ sampling
~———0.25X QZ sampling

rms = 0.20
rms =0.20
rms = 0.20

0.1 0.2 0.3 0.4 0.5 0.6 0.7
weighted correlation error




image9.png
probability

0.15

o©
=

0.05

CDL-A, fc = 7.125 GHz, optimized 8

0.1X QZ sampling
=——=0.15)\ QZ sampling
~——0.25)\ QZ sampling

rms = 0.07
rms = 0.07
rms = 0.07

0.1 0.2 0.3 0.4 0.5

0.6
weighted correlation error




