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1
Introduction
In RAN4#101-e meeting, it was agreed that the lab alignment pass/fail limit would be defined based on MU value of MPAC system, in WF [1], 
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In this paper, we provide proposals on MU assessment for FR1 MIMO OTA to finalize this topic.

2
Discussion

The example MU value for LTE MIMO OTA in TR 37.977 Annex B is selected as a reference, and the following essential changes are identified:

1. The test system is updated from 8 probes to 16 probes, the Quality of quiet zone would be worse, based on the validated results from 3rd party test lab, a larger value as 0.6dB is proposed.
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2. The MU value of 5G base station simulator is different from LTE. Based on the datasheet of the commercial product, 1.5dB for <3GHz and 2dB for >3GHz is proposed. 
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3. The gain flatness of the commercial amplifier is ~1.25dB, however, the corresponding bandwidth of this Flatness value is not provided, so this value should not be used directly for the MU assessment. Given the maximum channel bandwidth for FR1 MIMO OTA testing is only 40MHz, which is not significantly larger than LTE MIMO OTA, so, this value could be proposed to be 0.  Further study the impacts of this MU contributor.
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Parameter Min. Typ. Max.
Operating Frequency Range 0.7 GHz 0.7 GHz 6 GHz
Amplifier Gain 36 dB 40dB 52 dB
Gain Flatness +/-1.25 dB +/-1.5dB





Considering the above changes, the comparison of MU budget for FR1 MPAC and LTE MIMO OTA is summarized in Table 1.
Table 1: Comparison of MU assessment for FR1 and LTE MIMO OTA 
	UID
	Description of uncertainty contribution
	Example value (410MHz<f≤3GHz) 
	Example value (3GHz <f≤7.125GHz) 
	Distribution of the probability
	Std Uncertainty 
(410MHz<f≤3GHz) [dB]
	LTE Std Uncertainty [dB] in 37.977 Table B.1-1
	Note

	Stage 2: DUT measurement
	
	

	1
	Mismatch for measurement process
	0
	0
	U-Shaped
	0
	0
	Same as LTE MIMO OTA

	2
	Measure distance uncertainty
	0
	0
	Normal
	0
	0
	Same as LTE MIMO OTA

	3
	Quality of quiet zone
	0.6
	0.6
	Actual
	0.6
	0.5
	From measurement results of test lab

	4
	Base Station simulator 
	1.5dB
	2dB
	Rectangular
	0.87
	0.58
	From datasheet of 5G commercial product

	5
	Channel Emulator 
- absolute output power
- output signal stability
- output stability with temperature
	1.5dB
0.5dB
0.4dB
	1.5dB
0.5dB
0.4dB
	Actual

(normal- power;
rect-stability)


	0.84
	0.84
	Same as LTE MIMO OTA

	6
	Amplifier uncertainties
	0.7dB
	0.7dB
	Rectangular
	0.4
	0.4
	Same as LTE MIMO OTA

	7
	Random uncertainty
	0.2dB
	0.2dB
	Normal
	0.12
	0.12
	Same as LTE MIMO OTA

	8
	Throughput measurement: output level step resolution
	0.25dB
	0.25dB
	Rectangular
	0.14
	0.14
	Same as LTE MIMO OTA

	9
	DUT sensitivity drift
	0.2
	0.2
	Rectangular
	0.12
	0.12
	Same as LTE MIMO OTA

	10
	Signal flatness
	0
	0
	Normal
	0
	N/A
	FFS

	Stage 1: Calibration measurement
	
	

	11
	Mismatch for calibration process
- loopback cable path

- system input path

- reference antenna
	0.2
	0.2
	U-Shaped
	0.14
	0.14
	Same as LTE MIMO OTA

	12
	Reference antenna positioning misalignment
	0
	0
	Normal
	0
	0
	Same as LTE MIMO OTA

	13
	Quality of quiet zone 
	0.6
	0.6
	Rectangular
	0.35
	0.29 
	Same reason in #3

	14
	Total uncertainty of the Network Analyzer
	0.5
	0.5
	Rectangular
	0.29
	0.29
	Same as LTE MIMO OTA

	15
	Uncertainty of an absolute gain of the calibration antenna
	1
	1
	Normal
	0.5
	0.5
	Same as LTE MIMO OTA

	16
	Offset of the Phase Center of the Reference Antenna 
	0
	0
	Normal
	0
	0
	Same as LTE MIMO OTA

	Total Expanded Uncertainty, U, with 95% Confidence Interval (410MHz<f≤3GHz)
	3.03
	2.65
	

	Total Expanded Uncertainty, U, with 95% Confidence Interval (3GHz <f≤7.125GHz)
	3.38
	
	


Based on the above analysis, the measurement uncertainty budget for FR1 MPAC (410MHz<f≤3GHz and 3GHz <f≤7.125GHz) is proposed in Table 2.
Table 2: Measurement uncertainty budget for FR1 MPAC system 
	UID
	Description of uncertainty contribution
	Example value (410MHz<f≤3GHz) 
	Example value (3GHz <f≤7.125GHz) 
	Distribution of the probability
	Std Uncertainty (410MHz<f≤3GHz)  [dB]
	Std Uncertainty (3GHz <f≤7.125GHz)  [dB]

	Stage 2: DUT measurement
	

	1
	Mismatch for measurement process
	0
	0
	U-Shaped
	0
	0

	2
	Measure distance uncertainty
	0
	0
	Normal
	0
	0

	3
	Quality of quiet zone
	0.6
	0.6
	Actual
	0.6
	0.6

	4
	Base Station simulator 
	1.5dB
	2dB
	Rectangular
	0.87
	1.15

	5
	Channel Emulator 
- absolute output power
- output signal stability
- output stability with temperature
	1.5dB
0.5dB
0.4dB
	1.5dB
0.5dB
0.4dB
	Actual
(normal- power;
rect-stability)


	0.84
	0.84

	6
	Amplifier uncertainties
	0.7dB
	0.7dB
	Rectangular
	0.4
	0.4

	7
	Random uncertainty
	0.2dB
	0.2dB
	Normal
	0.12
	0.12

	8
	Throughput measurement: output level step resolution
	0.25dB
	0.25dB
	Rectangular
	0.14
	0.14

	9
	DUT sensitivity drift
	0.2
	0.2
	Rectangular
	0.12
	0.12

	10
	Signal flatness
	0
	0
	Normal
	0
	0

	Stage 1: Calibration measurement
	

	11
	Mismatch for calibration process
- loopback cable path

- system input path

- reference antenna
	0.2
	0.2
	U-Shaped
	0.14
	0.14

	12
	Reference antenna positioning misalignment
	0
	0
	Normal
	0
	0

	13
	Quality of quiet zone 
	0.6
	0.6
	Rectangular
	0.35
	0.35

	14
	Total uncertainty of the Network Analyzer
	0.5
	0.5
	Rectangular
	0.29
	0.29

	15
	Uncertainty of an absolute gain of the calibration antenna
	1
	1
	Normal
	0.5
	0.5

	16
	Offset of the Phase Center of the Reference Antenna 
	0
	0
	Normal
	0
	0

	Total Expanded Uncertainty, U, with 95% Confidence Interval 
	3.03
	3.38


Proposal 1: Approve the Measurement Uncertainty budget in Table 2 for FR1 MPAC system.

3 Conclusion

In this paper, we propose the Measurement uncertainty budget for FR1 MPAC system. 
Proposal 1: Approve the Measurement Uncertainty budget in Table 2 for FR1 MPAC system.
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Issue 2-3-3: Pass/fail limit for lab alignment


Agreement:


RAN4 should define the pass/fail limit for lab alignment, based on MU value of MPAC system.


Issue 2-8-2: Baseline/reference for FR1 MU assessment


Agreement:


LTE expanded MU value cannot be reused directly. The preliminary MU assessment for FR1 should be finalized next meeting to ensure the whole lab alignment progress.











