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1. Introduction
A work item of the Radiated requirements for the verification of multi-antenna reception performance of UEs was agreed in RAN 66 meeting [1]. The way forward is agreed in RAN4#74 [2], which is mentioned that harmonization between methodologies is focused on at first with doing round robin testing. Before the round robin testing, Measurement Uncertainty (MU) needs to be defined.
In this contribution, we evaluate 2-samples at several UE positioning in anechoic chamber. The results show that throughput-curve fluctuates about 2.5 dB maximum at the 90% or 95% throughput by the UE positioning. 
2. Testing Conditions
In this contribution, 2-UEs are measured in anechoic chamber (AC), which used commercial products. Measurement condition is shown in Fig. 1. This measurement is done at 4-positining (position A to D) as shown in Fig. 1. The position A and B are tilted 45 degrees, and the others are 90 degrees. The position A and D are set longitudinally, and the others are set as a landscape. The channel model specified for the LTE MIMO OTA testing is employed for our testing, such as full SCME Urban Micro (UMi) in the anechoic chamber testing [3]. We employed dual-polarized eight probe antennas connected to the radio channel emulator with sixteen output ports since the dual-polarized configuration is definitely indispensable to perform the MIMO OTA testing.
As an eNodeB emulator, we employed Anritsu MT8820C and the setting parameters align with [2]. In this testing, the modulation of 64 QAM and Number of subframes of 20,000 at each angle are employed. 
Table 1  MIMO OTA testing methodologies and LTE MIMO OTA testing parameters

	
	Anechoic Chamber

	
	
[image: image1]

	Spatial channel models
	UMi (AS 35deg)

	XPR
	9 dB

	Number of probe antennas
	8 (Dual polarized)

	Mobile speed
	30 km/h

	DUT information

	DUT type

(Number of DUT samples)
	Smartphone (2 devices)

	eNodeB emulator parameters

	Model
	Anritsu MT8820C

	Frequency band
	Band 1 (2GHz)

	Channel bandwidth
	10 MHz

	Channel power

(Signal level at DUT)
	-78 to -62 dBm

(EPRE : -105.8 to -89.8 dBm/15kHz)

	Modulation and Coding Scheme (MCS)
	20 (64QAM)

	Number of RB
	50

	Antenna configuration
	2(2 (open loop spatial multiplexing)

	Figure of merit
	Layer-1 throughput (FRC)

	Number of subframes
	20,000 at each angle
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Fig. 1 UE positioning

2.2 Measurement Uncertainty (MU)

In this section, uncertainty of other aspects is discussed. Uncertainty budget is described in [3], which is as below table. Table 1 is added condition of the measurement results of this contribution.
Regarding, 1), ~ 4), and 18) ~24), because the same chain configuration is used in both stages, it is assumed to be systematic and constant (0.0 dB).
Regarding, 5), 7) ~9), 15) ~17), and 23) ~ 24), these items can be assumed to be included in this measurement.
Table 1 Measurement uncertainty budget for multiprobe method
	Description of uncertainty
	Details in 
	In this testing

	Stage 1, DUT measurement
	

	1)
Mismatch of transmitter chain (i.e. between probe antenna and base station simulator) 
	TS 34.114 [4], E.1-E.2
	0.0 (constant)

	2)
Insertion loss of transmitter chain
	TS 34.114, E.3-E.5
	0.0 (constant)

	3)
Influence of the probe antenna cable
	TS 34.114, E.6
	0.0 (constant)

	4)
Uncertainty of the absolute antenna gain of the probe antenna
	TS 34.114, E.7
	0.0 (constant)

	5)
Base station simulator: uncertainty of the absolute output level
	TS 34.114, E.17,

[TS 36.521-1 F.1.3]
	included

	6)
Throughput measurement: output level step resolution
	TS 34.114, E.18
	-

	7)
Statistical uncertainty of Throughput measurement
	TBD
	included

	8)
Channel flatness within LTE band 
	TBD
	Included

	9) Fading channel emulator output uncertainty
	TBD
	included

	10) Channel model implementation
	TBD
	-

	11)
Measurement distance
	TBD
	-

	12)
Quality of quiet zone 
	TS 34.114, E.10
	-

	13)
DUT sensitivity drift
	TS 34.114, E.21
	-

	14)
Uncertainty related to the use of the phantoms:


a)
 Uncertainty of dielectric properties and shape of the hand phantom.


b)
 Uncertainty related to the use of laptop ground plane phantom.
	TR 25.914 [11],
A.12.3

A.12.4
	-

	15)
 sampling grid
	TBD
	included

	16)
Random uncertainty (repeatability)
	TS 34.114, E.14
	included

	Stage 2, Calibration measurement, network analyzer method, TR 25.914 [11] figure 7.5
	

	17)
Uncertainty of network analyzer 
	TS 34.114, E.15
	Included

	18)
Mismatch in the connection of transmitter chain (i.e. between probe antenna and NA)
	TS 34.114, E.1-E.2
	0.0 (constant)

	19)
Insertion loss of transmitter chain
	TS 34.114, E.3-E.5
	0.0 (constant)

	20)
Mismatch in the connection of calibration antenna
	TS 34.114, E.1
	0.0 (constant)

	21)
Influence of the calibration antenna feed cable
	TS 34.114, E.6
	0.0 (constant)

	22)
Influence of the probe antenna cable
	TS 34.114, E.6
	0.0 (constant)

	23)
Uncertainty of the absolute gain of the probe antenna
	TS 34.114, =E.7
	Included

	24)
Uncertainty of the absolute gain/radiation efficiency of the calibration antenna
	TS 34.114, E.16
	included

	25)
Measurement distance
	TBD
	constant

	26)
Quality of quiet zone
	TS 34.114, E.10
	-


3. MIMO OTA Test Results
3.1 UE positioning
The test results presented in this section have been performed by NTT DOCOMO Labs.  Figure 2 shows the definition of throughput difference between the UE positions. 
Figure 3 shows the comparison of LTE MIMO OTA throughput for band 1 with sample 1. There is less difference between position A and B. However, there are about 2 dB difference between position B and C, and about 2.5 dB difference between position C and D at the throughput of 90% or 95%, respectively. 

Figure 4 shows the results of sample 2. There are about 1.0 dB difference between position A and B, and 1.5 dB difference between position C and B (also D).
It is shown that throughput curves measured in AC are fluctuated from 1 dB to 2.5 dB by UE positioning. 
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Figure 2  Definition of throughput difference over the MIMO OTA testing methodologies.
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(a) Comparison between position A and B
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(b)  Comparison between position B and C
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(c) Comparison between position C and D
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(d) Summary

                                        Figure 3  LTE MIMO OTA throughput results of sample 1.
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(a) Comparison between position A and B
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(b) Comparison between position B and C
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(c) Comparison between position C and D
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(d) Summary

Figure 4  LTE MIMO OTA throughput results of sample 2.
Observation
1. AC results are fluctuated from 1 or 2.5 dB by UE positioning. 

2. Amount of fluctuation differ from UE to UE.


Sample 1 is 2.5 dB maximum, sample 2 is 1.5 dB maximum.

3. In sample 1, the throughput curve of position C differs from the other position.

4. In sample 2, the throughput curves of position A and C or B and D are almost same.

5. Considering the commercial use, measuring all of position is not useful because of measuring time. 
6. It is sufficient to select one position or two positions if MU is set to 2.5 dB.

3.2 Random uncertainty
 In this section, random uncertainty of the measurement system is evaluated. It is measured in the same situation, which means no changing calibration and any other parameter. Sample 1 is used in this measurement, and UE position is Position C. It is measured 5 times, which are shown in Fig. 5.  The results show that random uncertainty is less than 0.5 dB in this system.
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Figure 5  LTE MIMO OTA throughput results of sample 2.

4. Conclusion
In this contribution, we presented the test results in AC to confirm the fluctuation by UE position. The amount of fluctuation is from 1 dB to 2.5 dB at 90% or 95% throughput. This would be sufficient when measuring at portrait and landscape position, but a higher uncertainty may be expected if some different elevation angles are considered when harmonizing with other methodologies.
It is important to select the UE positioning if throughput is averaged with using only a few positioning. And it is better low number of positioning considering the commercial use case (such as reference of GCF). 

Proposals of AC condition for harmonization are as follows.

Proposal 1

UE positions should be limited in AC measurement considering the commercial use case


Option 1: One position is defined.


Option 2: Two positions are defined (e.g. position A and B or position C and D). 

Proposal 2
MU should be estimated more than 2.5 dB in harmonization process. 

The effect of rotation number will be provided in other contribution. 
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