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1 Introduction
In RAN4 #90bis meeting, it was agreed that “Number of probes and placement of probes for MPAC system for FR1 and FR2 have to be standardized in the MIMO OTA SI” [1]. Base on different proposals in RAN4 #91 meeting [2], [3], this document further discusses and proposes to adopt “16 probes ring” for FR1 MPAC system.
2
Discussion

There were at least 3 different layouts mentioned in RAN4 #91 meeting, including 8 probes ring [2], 16 probes ring and 8/10 probes sector [3]. Here we compare them from some aspects as below.
8 probes ring

                     16 probes ring

    8/10 probes sector from [3] 
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1. Backward compatibility and Cost efficiency
From Backward compatibility point of view, in addition to “8 probes ring”, “16 probes ring” is also a potential solution. 
· According to TR37.977, LTE uses “8 probes ring” as the minimum setup. To prepare for possible extension, today many LTE MIMO OTA chambers are already installed or make reservation for 16 probes ring. It can be upgraded easily.
· After upgrades, chamber with 16 probes ring can be used for LTE MIMO OTA test as well, i.e., same configuration can be used for both NR FR1 and LTE.
2. Accuracy of Channel model implementation

According to the rule for the number of probes required in 2D circular (=ring) probe configuration given in [5], i.e., K = 2(ceil((D/lamda) + 1, where ceil() is the integer ceiling operation and lamda is the wavelength. For the agreed test zone size of D=20cm, “16 probes ring” can meet requirements for roughly up to 3.5GHz carrier frequency.
Table1

	
	2GHz
	3.5GHz
	7.125GHz

	Lamda (m)
	0.15
	0.086
	0.042

	D/lamda (D=20cm)
	1.33
	2.33
	4.75

	K
	11
	17
	31


Apply to the agreed channel model, “16 probes ring” can fulfil more scenarios. According to simulations in [3], 
· “8/10 probes sector” can provide the most accurate channel model implementation in terms of spatial correlation error. 
· “8 probes ring” can’t meet the threshold of 10% rms spatial correlation error for the very importance 3.5GHz band. 
·  “16 probes ring” is able to meet the threshold of 10% rms spatial correlation error for all simulated 3.5GHz channel models, and even 7.125GHz CDL-C (UMa).  Only demonstrated problem is 7.125GHz CDL-A (UMi), in that case rms spatial correlation error is about 20%. (Note: simulations in [3] were done with D=40cm, here we take half number of probes for D=20cm)
3. Other compatibilities (Interference generation, MIMO extension etc.)
· Interference generation: Regarding the Environmental condition of FR1, there are still 3 options under discussion, including UE noise-limited, Interference-limited and Hybrid condition. For the later 2 options, in order to simulate the interference from neighbouring cells, in current LTE MIMO OTA, the interference signals are generated from each antenna probe in 360 degree circle [6], [7]. It is preferable to keep same configuration for NR FR1.
· MIMO extension:  Probes sector method is based on the assumption of 2 strongest beams for 4x4 MIMO (each beam provides two orthogonal signals with cross-polarization). Ring layouts are more compatible with possible MIMO extension e.g. 8x4 or 8x8.
Observation 1: The comparisons are summarized in below table.
	
	8 probes ring
	16 probes ring
	8/10 probes sector

	Backward compatibility and Cost efficiency
	high
	middle
	low

	Accuracy of Channel model implementation
	low
	middle
	high

	Other compatibilities (Interference generation, MIMO extension etc.)
	high
	high
	low


Proposal 1: adopt 16 probes ring for NR FR1 MPAC system.
Proposal 2: study how to deal with the cases where rms spatial correlation error is relatively large e.g. 7.125GHz CDL-A (UMi).  Possible solutions include: accept lager error for those cases, simplify channel model etc.
3
Conclusions

In this contribution, we proposes the number and placement of probe for FR1 MPAC system.
Proposal 1: adopt 16 probes ring for NR FR1 MPAC system.

Proposal 2: study how to deal with the cases where rms spatial correlation error is relatively large e.g. 7.125GHz CDL-A (UMi).  Possible solutions include: accept lager error for those cases, simplify channel model etc.
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