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1 Introduction
In RAN4#96-e meeting, WF on NR MIMO OTA was agreed [1]. Significant progress had been made. In this document, we discuss and provide our views on the left open issues, including “The metric for FR1 performance requirements”, “The metric for FR2 performance requirements” and “RMC for FR2 performance requirements”.
2	Discussion
2.1 The metric for FR1 MIMO OTA performance requirements 
Regarding FR1 performance requirement metric, the WF [1] agreed in last meeting is cited as below.
(From [1])
· For FR1 MIMO OTA performance requirements:
· Only one outage point of TP@ 70% is selected for the final performance metric
· This agreement is based on LTE TRMS analysis
· Further check whether how many PMODE can reach TP @ 90% or 95% could be an additional FoM
· Option 1：TP@90% can pass 11 of total 12 rotations
· Option 2：TP@95% can pass 10 of total 12 rotations
· Other options are not precluded

Apart from TP@70% for the final performance metric, the achievable of TP@90% or TP@95% was left for further discussion, i.e. option1 or option2. Here we propose to adopt “Option 2: TP@95% can pass 10 of total 12 rotations”, the consideration is that compared with TP@90%, TP@95% can better demonstrate the UE’s capability to reach almost full performance in ideal situations e.g. close to base station, high SNR and so on. In our view, these use cases are not rare in FR1 deployment scenarios of micro, small cell or even Marco cell. Therefore it is useful to examine the UE capability on this aspect. 
Proposal 1: in addition to the agreement that “Only one outage point of TP@ 70% is selected for the final performance metric”, select option 2 in the WF as another check point i.e. “TP@95% can pass 10 of total 12 rotations”

2.2 The metric for FR2 MIMO OTA performance requirements
Regarding FR2 performance requirement metric, the WF [1] agreed in last meeting is cited as below.
(From [1])
· For FR2 MIMO OTA performance requirements:
· Select averaging all the values better than [50%] percentile of CCDF as the Figure of Merit for FR2 MIMO OTA requirement
· Further check whether [50%] percentile value of the CCDF curve should also be a FoM of FR2
· Analysis on number of test points vs uncertainty of FR2 MIMO OTA performance is encouraged

In previous discussions, concern about the deviation of testing result was raised due to the relative sparse grid points i.e. 36 compared with more than 200 in the test of EIS spherical coverage. The averaging method is a possible way to partially alleviate this problem. According to theory of probability and statistics, by averaging over N Independent and identically distributed data (IID), we can reduce the standard deviation by N times. E.g. if IID  follow the Independent distribution of  , then the averaging of  follows the distribution of . And as point out in previous discussion, the agreed 36 test points are not enough to make a reasonable CCDF statistics. Therefore, based on the above agreement on the WF, we propose to select “averaging all the value better than [50xx%, “xx” is the %-tile of spherical coverage requirements for different power classes as below table] percentile of CCDF as the only Figure of Merit for FR2 MIMO OTA requirement. 
	UE Power class
	UE type
	%-tile CDF for spherical coverage

	1
	Fixed wireless access (FWA) UE
	85%

	2
	Vehicular UE
	60%

	3
	Handheld UE
	50%

	4
	High power non-handheld UE
	20%



And not to introduce “[50%] percentile of the CCDF curve” as another FoM, the considerations are further summarized as below: 
1. We anticipate the problem of larger deviation, because the agreed 36 evenly spaced test points are sparse. In 38.810, for FR2 EIS testing, results of 30 constant density measurement grips have the STD of 0.55 dB. Despite it cannot fully represent the situation in MIMO OTA, e.g. MIMO channel model vs FS,  4x2 vs 8x2 antenna array and so on, the large deviation from sparse test points are still expected to be a problem which prevent the usage of CCDF curve sampling method.
2. The averaging method can reduce the standard deviation by N times for N i.i.d. variables. If the averaging method can be justified as fulfilling the testing purpose, i.e. judge “good” or “bad” UEs. We prefer not to have two requirements.
Proposal 2: clarify the agreement as “select averaging all the value better than [xx%, “xx” is the %-tile of spherical coverage requirements for different power classes] percentile of CCDF as the only Figure of Merit for FR2 MIMO OTA requirement”. And not to introduce “[50%] percentile of the CCDF curve” as another FoM.
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	DL Power Step Size: infinitesimal
	DL Power Step Size: 0.1dB
	DL Power Step Size: 0.5dB
	DL Power Step Size: 
1dB

	Number of unique grid points
	STD [dB]
	|Mean Error| [dB]
	Span [dB]
	STD [dB]
	|Mean Error| [dB]
	Span [dB]
	STD [dB]
	|Mean Error| [dB]
	Span [dB]
	STD [dB]
	|Mean Error| [dB]
	Span [dB]

	30
	0.56
	0.16
	3.85
	0.56
	0.23
	4.20
	0.55
	0.57
	3.50
	0.53
	1.03
	3.63

	40
	0.50
	0.15
	3.87
	0.50
	0.23
	3.40
	0.49
	0.58
	3.77
	0.47
	1.04
	3.67

	50
	0.41
	0.11
	3.25
	0.41
	0.18
	3.10
	0.39
	0.54
	2.87
	0.38
	1.03
	2.83

	70
	0.25
	0.06
	2.31
	0.24
	0.14
	2.20
	0.24
	0.51
	2.02
	0.23
	1.02
	2.00

	100
	0.20
	0.03
	1.50
	0.20
	0.11
	1.58
	0.19
	0.50
	1.41
	0.18
	1.00
	1.35

	150
	0.17
	0.02
	1.36
	0.17
	0.10
	1.43
	0.17
	0.50
	1.33
	0.15
	1.00
	1.37

	200
	0.10
	0.02
	0.80
	0.10
	0.10
	0.86
	0.10
	0.50
	0.79
	0.09
	1.01
	0.74

	300
	0.08
	0.01
	0.65
	0.08
	0.10
	0.66
	0.08
	0.50
	0.56
	0.07
	1.01
	0.67

	400
	0.06
	0.01
	0.54
	0.06
	0.10
	0.49
	0.06
	0.50
	0.44
	0.05
	1.01
	0.48

	500
	0.06
	0.01
	0.53
	0.06
	0.10
	0.47
	0.06
	0.50
	0.43
	0.05
	1.01
	0.42



2.3 RMC for FR2 MIMO OTA performance requirements
Regarding RMC for FR2 MIMO OTA performance requirements, the WF [1] agreed in last meeting is cited as below.
From [1]
· For FR2 MIMO OTA performance requirements:
· Further discuss the down-selection of FR2 RMC, feasibility of 64 QAM for FR2 will be checked, and final conclusion will be made next meeting.  
· Technical input from companies is encouraged to analyze SNR range and feasibility of 64QAM


The following framework was discussed in [3] in which the SNR in 3D-MPAC consists of SNR with single probe and the contribution of multi-probe.
SNR3D-MPAC = SNRsingle-probe + ΔSNRmulti-probe
Based on the analysis in [2], for FR2 band n260, 100MHz channel bandwidth, direct far field (DFF) with the 0.75m measurement distance and the noise-limited test condition, the SNR upper bound of multi-band UE is 24.4dB for the beam peak direction.
By taking into account the difference between requirements of “Reference sensitivity power level” and “EIS spherical coverage” for FR2 power class 3 UE (12.6dB for n260), the upper bound SNRsingle-probe for N260 can be calculated as 24.4-12.6=11.8dB, as in [4]. 
For n257/n258/n261 the EIS requirements and path loss are different from N260.
· The “EIS spherical coverage” difference between n260 and n257/n258/n261 for power class 3 UE is 77.4-73.1=4.3dB.
· The frees-space path loss difference between 43.5GHz and 28GHz is about 3.8dB at 0.75m distance according to the formula .
Therefore, the upper bound SNRsingle-probe for n257/n258/n261 can be roughly calculated as 11.8+4.3+3.8=19.9dB
According to the analysis in [2], the multi-probe SNR contribution (ΔSNRmulti-probe) is expected to be in the range of [0, 3.5]dB, taking into account the impact of the probe weights at TE side and the antenna directivity pattern at UE side. 
As summary, according to SNR3D-MPAC = SNRsingle-probe + ΔSNRmulti-probe, we expect SNR3D-MPAC ~ 11.8+[0, 3.5]dB for n 260, and SNR3D-MPAC ~ 19.9+[0, 3.5]dB for n257/n258/n261.
Compared with below table from 38.101-4, and taking into account the SNR difference between TP@70% and TP@95, which is normally about 3~4dB [5], we can conclude that 16QAM with 100MHz bandwidth is feasible for n257/n258/n261 MIMO OTA e.g. R.PDSCH.5-2.2 TDD.
For n260, the SNR is very challenging, QPSK (R.PDSCH.5-4.1 TDD) can work, another possible way is to reduce the bandwidth for 16QAM (e.g. 16QAM with 25 or 20MHz bandwidth).
Proposal 3: use 16QAM with 100MHz bandwidth as FR2 MIMO OTA RMC for n257/n258/n261. For n260, consider QPSK, or reduce the bandwidth for 16QAM (e.g. 16QAM with 25 or 20MHz bandwidth).

From 38.101-4: Table 7.2.2.2.1-4: Minimum performance for Rank 2 (FRC)
	Test num.
	Reference channel
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation and code rate
	TDD UL-DL pattern
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNRBB (dB)

	2-1
	R.PDSCH.5-4.1 TDD
	100 / 120
	QPSK, 0.30
	FR2.120-2
	TDLA30-75
	2x2 ULA Low
	70
	4.1

	2-2
	R.PDSCH.5-2.2 TDD
	100 / 120
	16QAM, 0.48
	FR2.120-1
	TDLA30-300
	2x2 ULA Low
	70
	14.4

	2-3
	R.PDSCH.5-5.2 TDD
	50 / 120
	16QAM,0.48
	FR2.120-2
	TDLA30-75
	2x2 ULA Low
	70
	14.0

	2-4
	R.PDSCH.5-2.3 TDD
	200 / 120
	16QAM, 0.48
	FR2.120-1
	TDLA30-300
	2x2 ULA Low
	70
	14.2

	2-5
	R.PDSCH.4-1.1 TDD
	50 / 60
	16QAM, 0.48
	FR2.60-1
	TDLA30-75
	2x2 ULA Low
	70
	14.3

	2-6
	R.PDSCH.5-6.1 TDD
	100 / 120
	64QAM, 0.43
	FR2.120-2
	TDLA30-75
	2x2 ULA Low
	70
	18.6



3	Conclusions
In this document, we shared our views on some open issues of the NR MIMO OTA WI discussion.
Proposal 1: in addition to the agreement that “Only one outage point of TP@ 70% is selected for the final performance metric”, select option 2 in the WF as another check point i.e. “TP@95% can pass 10 of total 12 rotations”.
Proposal 2: clarify the agreement as “select averaging all the value better than [xx%, “xx” is the %-tile of spherical coverage requirements for different power classes] percentile of CCDF as the only Figure of Merit for FR2 MIMO OTA requirement”. And not to introduce “[50%] percentile of the CCDF curve” as another FoM.
Proposal 3: use 16QAM with 100MHz bandwidth as FR2 MIMO OTA RMC for n257/n258/n261. For n260, consider QPSK, or reduce the bandwidth for 16QAM (e.g. 16QAM with 25 or 20MHz bandwidth).
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