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1 Introduction
In RAN4 #100e meeting, it was agreed that in order to facilitate the requirements discussion, RAN4 should discuss the preliminary MU assessment for NR UE FR1 MIMO OTA [1]. This document discusses our view on this topic.
Issue 2-4: FR1 MU assessment
· Agreements
· RAN4 should discuss the preliminary MU assessment for FR1 MIMO OTA including example expanded uncertainty, final MU and TT will be decided by RAN5.
· WID is suggested to update in Sep RAN plenary meeting, to reflect this working scope extension, for easy tracing the progress in the status report of WI. 

2 Discussion
[bookmark: _Toc42175238][bookmark: _Toc46355251][bookmark: _Toc61186107]During previous study of radiated multi-antenna reception performance for E-UTRA UE, Maximum Test System uncertainties of Radiated Performance of Multiple-antenna Receivers was accessed as ±2.65 dB for MPAC. Test tolerance was specified as 1 dB accordingly. (Annex D of TS 37.544). The details of Measurement uncertainty budget contributors were described in Annex N of TS 37.544, cited in the annex of this document.
For the current study of NR UE FR1 MIMO OTA, measurement uncertainty budget contributors are listed in TR 38.827 [4] as below. Compared with E-UTRA study mentioned above, all non-zero contributors have been considered in NR, as shown in last column of below table. 
Observation 1: all non-zero MU contributors of E-UTRA MPAC have been considered in NR UE FR1 MIMO OTA.
It is the fact that NR FR1 MPAC setting is similar as E-UTRA except 16 probes vs. 8 probes. Therefore it is expected that at least for frequency range of 410MHz<f≤3GHz, MU of NR FR1 MPAC is close to E-UTRA. While the impact of higher frequency range (3GHz <f≤7.125GHz) needs further study.
Proposal 1: for frequency range of 410MHz<f≤3GHz, use previous MU study in E-UTRA as reference for preliminary MU assessment of NR UE FR1 MIMO OTA, i.e. ±2.65 dB. While the impact of higher frequency range (3GHz <f≤7.125GHz) needs further study.

Table B.1.1-1: Measurement uncertainty budget for MPAC (from TR 38.827)
	UID
	Description of uncertainty contribution
	Example value (410MHz<f≤3GHz) 
	Example value (3GHz <f≤7.125GHz) 
	Distribution of the probability
	Details in 
	Comments
(E-UTRA Std values in TS 37.544) 

	Stage 2: DUT measurement
	

	1
	Mismatch for measurement process
	
	
	U-Shaped
	B.1.2.1
	0.00

	2
	Measure distance uncertainty
	
	
	Normal
	B.1.2.2
	0.00

	3
	Quality of quiet zone
	
	
	Rectangular
	B.1.2.3
	0.50

	4
	Base Station simulator 
	
	
	Rectangular
	B.1.2.4
	0.58

	5
	Channel Emulator 
-absolute value
-stability
	
	
	Normal
	B.1.2.5
	0.84

	6
	Amplifier uncertainties
	
	
	Rectangular
	B.1.2.6
	0.17+0.06+0.17

	7
	Random uncertainty
	
	
	Normal
	B.1.2.7
	0.12

	8
	Throughput measurement: output level step resolution
	
	
	Rectangular
	B.1.2.8
	0.14

	9
	DUT sensitivity drift
	
	
	Rectangular
	B.1.2.9
	0.12

	10
	Signal flatness
	
	
	Normal
	B.1.2.10
	FFS

	Stage 1: Calibration measurement
	

	11
	Mismatch for calibration process
- loopback cable path
- system input path
- reference antenna
	
	
	U-Shaped
	B.1.2.11
	0.14

	12
	Reference antenna positioning misalignment
	
	
	Normal
	B.1.2.12
	

	13
	Quality of quiet zone 
	
	
	Rectangular
	B.1.2.3
	0.29

	14
	Total uncertainty of the Network Analyzer
	
	
	Rectangular
	B.1.2.13
	0.29

	15
	Uncertainty of an absolute gain of the calibration antenna
	
	
	Normal
	B.1.2.14
	0.50

	16
	Offset of the Phase Center of the Reference Antenna 
	
	
	Normal
	B.1.2.15
	0.00

	Note: E-UTRA expanded uncertainty at 95% confidence level = 1.96 * Combine all the standard uncertainties by the Root of the Sum of the Squares (RSS) method = ±2.65 dB



3 Conclusions
This document discusses the open issues of EN-DC test methodologies identified in the WF [2]. 
Observation 1: all non-zero MU contributors of E-UTRA MPAC have been considered in NR UE FR1 MIMO OTA.
Proposal 1: for frequency range of 410MHz<f≤3GHz, use previous MU study in E-UTRA as reference for preliminary MU assessment of NR UE FR1 MIMO OTA, i.e. ±2.65 dB. While the impact of higher frequency range (3GHz <f≤7.125GHz) needs further study.
Reference
[1] R4-2115756 WF on NR MIMO OTA vivo, CAICT
[2] TR 37.977 V16.0.0
[3] TS 37.544 V16.0.0
[4] TR 38.827 V16.1.0

ANNEX
Table N.1-1: Measurement uncertainty budget for Multiprobe Anechoic method (from TS 37.544)
	 
	Description of uncertainty contribution
	Details in
	MPAC

	#
	Stage 1-DUT measurement
	 
	Example Value [dB]
	Prob Distr
	Std Uncertainty [dB]

	1
	Mismatch of transmitter chain (i.e. between fixed measurement antenna and base station simulator) 
	TS 34.114, E.1-E.2
	0.00
	u-shape
	0.00

	2
	Insertion loss of transmitter chain
	TS 34.114, E.3-E.5
	0.00
	rect
	0.00

	3
	Influence of the fixed measurement antenna cable
	TS 34.114, E.6
	0.00
	rect
	0.00

	4
	Uncertainty of the absolute antenna gain of the fixed measurement antenna
	TS 34.114, E.7
	0.00
	rect
	0.00

	5
	Base station simulator: uncertainty of the absolute output level
	TS 34.114, E.17
[TS 36.521-1 F.1.3]
	1.00
	rect
	0.58

	6
	Throughput measurement: output level step resolution
	TS 34.114, E.18
	0.25
	rect
	0.14

	7
	Statistical uncertainty of throughput measurement
	TS34.114, E.19
	FFS (negligible and partially included in repeatability)
	 
	 

	8
	Fading channel emulator output uncertainty (if used)
- absolute output power
- output signal stability
- output stability with temperature
	N.2
	1.5dB
0.5dB
0.4dB
	normal (output power)
rect (stability)
	0.84

	9
	AWGN flatness within LTE band
	TBD (NOTE 4)
	 
	 
	FFS

	10
	Signal-to noise ratio uncertainty, averaged over downlink transmission Bandwidth
	TBD (NOTE 4)
	 
	 
	FFS

	11
	Channel model implementation (NOTE 2)
	TBD
	FFS
	 
	FFS

	12
	Chamber statistical ripple and repeatability
	TS 34.114, E.26.A
	N/A
	 
	0.00

	13
	Additional power loss in EUT chassis
	TS 34.114, E.26.B
	N/A
	 
	0.00

	14
	Quality of the quiet zone
	TS 34.114, E.10
	0.50
	std
	0.50

	15
	Measurement Distance
- VSWR
- Chamber Standing Wave
	TS 34.114, E.9
	0.00
	 
	0.00

	16
	DUT sensitivity drift
	TS 34.114, E.21
	0.20
	rect
	0.12

	17
	Uncertainty related to the use of the phantoms:
	
	 
	 
	0.00

	
	a) Uncertainty of dielectric properties and shape of the hand phantom
	TR 25.914, A.12.3
	 
	 
	0.00

	
	b) Uncertainty related to the use of laptop ground plane phantom
	TR 25.914, A.12.4
	 
	 
	0.00

	18
	Random uncertainty (repeatability)
	TS 34.114, E.14
	0.20
	rect
	0.12

	19
	Uncertainty associated with the stirring method and number of subframes (NOTE 3)
	 
	N/A
	 
	0.00

	 
	Stage 2-Calibration measurement
	 
	 
	 
	0.00

	20
	Uncertainty of network analyzer
- Receiver and Source VNA
- Receiver VNA Calibration prior to measurement
	TS 34.114, E.15
	0.50
	rect
	0.29

	21
	Mismatch of transmitter chain
	TS 34.114, E.1-E.2
	0.20
	u-shape
	0.14

	22
	Insertion loss of transmitter chain
	TS 34.114, E.3-E.5
	0.00
	 
	0.00

	23
	Mismatch in the connection of calibration antenna
	TS 34.114, E.1
	0.00
	rect
	0.00

	24
	Influence of the calibration antenna feed cable
	TS 34.114, E.6
	 
	 
	0.00

	25
	Influence of the transmitter antennas/probes cables
	TS 34.114, E.6
	0.00
	rect
	0.00

	26
	Uncertainty of the absolute gain of the transmitter antennas/probes 
	TS 34.114, E.7
	0.00
	rect
	0.00

	27
	Uncertainty of the absolute gain/radiation efficiency of the calibration antenna
	TS 34.114, E.16
	0.50
	std
	0.50

	28
	Chamber statistical ripple and repeatability
	TS 34.114, E.26.A
	 
	 
	0.00

	29
	Phase Centre Offset (when using horn to calibrate)
	TS 34.114, E.9
	0.00
	rect
	0.00

	30
	Quality of the quiet zone (Range Ref. Antenna)
	TS 34.114, E.10
	0.50
	rect
	0.29

	 
	External Amplifiers
	 
	 
	 
	0.00

	31
	Stability
	N.3.1
	0.30
	rect
	0.17

	32
	Linearity
	N.3.2
	0.10
	rect
	0.06

	33
	Noise Figure
	N.3.3
	0.30
	rect
	0.17

	34
	Mismatch
	N.3.4
	0.00
	rect
	0.00

	35
	Gain
	N.3.5
	0.00
	rect
	0.00
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