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1 Introduction
WF [1] was approved in RAN4#92 meeting, Test methods for NR FR1 MIMO OTA was provided by options:
	· Probes configuration

· Option 1: 16 probes with 8 uniformly spaced probes (to guarantee LTE backward compatibility) and remaining 8 probes aligned on a 2D sector for NR FR1

· Option 2: 16 probes ring (uniformly spaced) for NR FR1 MPAC system

· Weighted RMS spatial correlation error

· Weighted-RMS Spatial correlation error of LTE MIMO OTA channel model (i.e. UMi and UMa) is considered as a reference (i.e. the error between ideal channel model correlation and  theoretical LTE 8 probes correlation within 1l)

· Use the weighted RMS correlation error for NR FR1
· UE vendors are encouraged to study the impact of RMS correlation error on TP performance


This paper provides analysis on the probe layout for NR FR1 and the simulation results based on the CDL-C(UMA) model. 
2 Discussion
For MPAC probe layout on FR1, two options were provided in the last RAN4 meeting. Option 1 is with 16 probes with 8 probes uniformly spaced and the other 8 probes as a 2D sector. While Option 2 is with 16 probes ring uniformly spaced. The 2D sector solution is discussed in [2], in which the analysis assumption is with 2 strongest BS beams under CDL-A and CDL-C respectively, the weighted RMS spatial correlation error is provided. Since only 2 strongest BS beams is assumed, the ray distributes on 90-210o in [2].
We use CDL-C model stated in [1], more than 2 strongest BS beams are assumed for the simulation.
2.1 CDL-C (UMa) model with 2 or 3 strongest BS beams
The channel model is generated following the procedures in [1] on 3.5 GHz. The ray distribution varies with different considered beam numbers as shown in Figure 1. If 3 beams are simulated to increase spatial degree of freedom, larger coverage of rays is observed from 80° to 270°.
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Figure 1. Rays of CDL-C (UMa) model with 2(left) and 3(right) strongest BS beams
Observation 1: the ray coverage is from 80o to 270o for the 3 strongest BS beams case, where the distribution separation is larger than 180o.
2.2 Spatial correlation for different probe layouts considering 3 strongest beams

To further investigate the performance of different probe layout schemes, spatial correlation is simulated on both sector layout and ring layout. For simplification, the spatial correlation on two lines are calculated as Figure 2 depicts.
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Figure 2. The 0 degree and 90 degree lines where spatial correlation is calculated

2.2.1 Sector probe layout (8 probes)
We choose 8 probes as 2D sector covering 82.5° to 187.5° with an interval of 15° referred in [1]. As the probe sector cannot cover all the active rays, its spatial correlation curves have large deviation from the target curves. Most channel power in Figure 1 concentrates on the range from 90° to 270°, and the probe sector cannot cover all the active rays, its spatial correlation curves have large deviation from the target curves, especially on the 90° line. 

[image: image4.emf]-3 -2 -1 0 1 2 3

x [  ]

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

S

p

a

t

i

a

l

 

C

o

r

r

e

l

a

t

i

o

n

0° line

Target Correlation

Emulated Correlation

  [image: image5.emf]-3 -2 -1 0 1 2 3

x [  ]

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

S

p

a

t

i

a

l

 

C

o

r

r

e

l

a

t

i

o

n

90° line

Target Correlation

Emulated Correlation


Figure 3. Spatial correlation for sector layout with 8 probes on the 0° line (left) and 90° line (right)

Observation 2: the sector probe layout in [1] cannot cover all the active rays if 3 strong BS beams are used.
2.2.2 Ring layout with 8 active probes

In this layout, 8 successive probes are chosen out of all the 16 probes (with an interval of 22.5°) in the ring covering the range from 90° to 270°. In this setup, most active rays could be covered, and the correlation error decreases compared with those in Figure 3.
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Figure 4. Spatial correlation for ring layout with 8 active probes on the 0° line (left) and 90° line (right)

Observation 3: the ring probe layout can cover most of the active rays if 3 strong BS beams are used.
2.2.3 Ring layout with 16 active probes
The 16 probes are uniformly-spaced in the ring with an interval of 22.5°. The emulated correlation curves fit well with the target ones within the distance of ±1.3λ from the centre, corresponding to 11cm at 3.5GHz. In both lines the correlation errors further decreases compared with those in Figure 4. 
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Figure 5. Spatial correlation for ring layout with 16 uniform probes on the 0° line (left) and 90° line (right)

Observation 4: Ring layout with 16 uniform probes is more flexible to emulate different number of active beams with acceptable spatial correlation error for CDL-C (UMa).  

Proposal 1: RAN4 only defines ring layout with 16 uniform spaced probes for 2D MPAC on NR FR1.
3 Conclusion

The MPAC should be able to emulate standard and user-defined channel models to meet different test purposes. The applicability for a fixed sector probe configuration is limited for different channel conditions. Different angular interval should be adapted for the sector probe layout considering different beam numbers, which is not feasible in real system.

Observation 1: the ray coverage is from 80o to 270o for the 3 strongest BS beams case, where the distribution separation is larger than 180o.
Observation 2: the sector probe layout in [1] cannot cover all the active rays if 3 strong BS beams are used.
Observation 3: the ring probe layout can cover most of the active rays if 3 strong BS beams are used.
Observation 4: Ring layout with 16 uniform probes is more flexible to emulate different number of active beams with acceptable spatial correlation error for CDL-C (UMa).  

Proposal 1: RAN4 only defines ring layout with 16 uniform spaced probes for 2D MPAC on NR FR1.
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