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1.
Abstract
A repeated set of OTA Radiated measurements for the ongoing MIMO-OTA IL/IT testing effort in the Anechoic Chamber solution are presented in this contribution.
2.
Introduction

Companies participating in the specification of MIMO OTA testing methodologies [7] are carrying out an Inter-Lab / Inter-Technique (IL/IT) testing activity [1] that consists of channel model verification, absolute throughput framework, and radiated measurements. The latest CTIA IL/IT effort concentrates its radiated measurements testing around DUT sensitivity levels, where no additional artificial noise is added to the measurement system.

This contribution presents a repeatability study!
The setup used for these measurements is located at Aalborg University.  Intel and Aalborg University are collaborating on the MIMO OTA topic.  Further information about the multi-probe anechoic MIMO OTA setup has been reported in [3-6].
3.
Discussion
During the 3GPP RAN4 meeting #67 in Fukuoka, the group raised a concern on the repeatability of the measurements. This contribution explores the repeatability capabilities of the setup described in 3.1.

The measurements are done as described in [1] and up to 4 repetitions of the same test are shown here. Measurements are done in several days and include cold boot and re-calibration between some of the measurements, to demonstrate the stability of the system.
3.1
Measurement set-up and calibration
The equipment, connections, set-up and calibration procedures used to perform the measurements presented in this document have been described in detail in [11].
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Figure 3.1-1: OTA ring with 8 dual-polarized probes configuration (left); Connection diagram (right)
3.2
Measurement Results
3.2.1
SCMe UMi

3.2.1.1
Measurements description

The following set of measurements was carried out as part of the repeatability testing under the SCMe UMi channel model – Table 3.2.1.1-1 below.
Table 3.2.1.1-1: List of repeated measurements under SCMe UMi

	Measurement ID
	Date

[dd/mm/yyyy]
	Rotations

[#]
	Comments

	UMi_Good_1
	23/07/2013
	12
	Set-up calibrated and made first measurement

	UMi_Good_2
	23/07/2013
	12
	Measured right after UMi_Good_1 with same calibation

	UMi_Good_3
	25/07/2013
	12
	Re-calibrated after cold boot of all instruments, and re-measured

	UMi_Good_4
	26/07/2013
	12
	Re-measured on different date and re-calibrated without cold boot

	UMi_Nominal_1
	24/07/2013
	12
	Set-up calibrated and made first measurement

	UMi_Nominal_2
	25/07/2013
	12
	Re-calibrated after cold boot of all instruments, and re-measured

	UMi_Nominal_3
	26/07/2013
	12
	Re-measured on different date and re-calibrated

	UMi_Bad_1
	24/07/2013
	9
	Set-up calibrated and made first measurement. Note: Some rotations not measured due to battery drain to 0% during unattended measurement.

	UMi_Bad_2
	25/07/2013
	8
	Re-calibrated after cold boot of all instruments, and re-measured. 

Note: Some rotations not measured due to battery drain to 0% during unattended measurement.

	UMi_Bad_3
	26/07/2013
	12
	Re-measured on different date and re-calibrated.


3.2.1.2
Comparison between repetitions
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Figure 3.2.1.2-1: SCMe UMi Average throughput over rotations comparison for CTIA Band 13 Good, Nominal and Bad antennas in various repetitions of a sensitivity measurement

As a proof that the multi-probe AC MIMO-OTA testing methodology can successfully repeat the measurements over the various azimuth rotations of the DUT under an acceptable range, we extract the outage RS EPRE level for a 90% Throughput out of the Average performance curves shown in Figure 3.2.1.2-1.
This outage level is then plotted in Figure 3.2.1.2-2 versus the rotation for each of the CTIA Antennas, which shows that the performance in each of the azimuth rotations of the DUT is highly repeatable. 
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Figure 3.2.1.2-2: SCMe UMi 90% Throughput outage RS EPRE level for each rotation

In figures 3.2.1.2-3 to 3.2.1.2-5 we can see separately that for each of the CTIA antennas there is a good repeatability in terms of performance spread over the various rotations as well as in the slope of the curves.
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Figure 3.2.1.2-5: SCMe UMi Good repetitions comparison for all rotations
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. Figure 3.2.1.2-5: SCMe UMi Nominal repetitions comparison for all rotations
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 Figure 3.2.1.2-5: SCMe UMi Bad repetitions comparison for all rotations

Table 3.2.1.2-1: Analytical comparison between repetitions under SCMe UMi

	
	SCMe UMi Good
	SCMe UMi Nominal
	SCMe UMi Bad

	
	Outage of

Average over

Rotations

[dBm/15 kHz]
	Rotation 

Spread

[dB]
	Outage of

Average over

Rotations

[dBm/15 kHz]
	Rotation 

Spread

[dB]
	Outage of

Average over

Rotations

[dBm/15 kHz]
	Spread
between
Rotations
[dB]

	Measurement1
	-100.10
	3.04
	-97.26
	1.93
	-91.11
	≥0.87

	Measurement2
	-100.18
	3.01
	-97.50
	2.66
	-90.72
	≥3.52

	Measurement3
	-100.82
	2.93
	-96.78
	2.93
	-91.50
	1.63

	Measurement4
	-100.88
	3.00
	-
	-
	-
	-

	Average
	-100.49
	2.99
	-97.18
	2.51
	-91.11
	2.00

	Max. Deviation
	0.78 dB
	0.11
	0.72 dB
	0.99
	0.78 dB
	2.65


3.2.2
SCMe UMa/B

3.2.2.1
Measurements description

The following set of measurements was carried out as part of the repeatability testing under SCMe UMa/B:

Table 3.2.2.1-1: List of repeated measurements under SCMe UMa/B

	Measurement ID
	Date

[dd/mm/yyyy]
	Rotations

[#]
	Comments

	UMa_B_Good_1
	31/07/2013
	12
	Set-up calibrated and made first measurement

	UMa_B_Good_2
	01/08/2013
	12
	Re-measured on different date and re-calibrated

	UMa_B_Good_3
	02/08/2013
	12
	Re-measured on different date and re-calibrated

	UMa_B_Nominal_1
	31/07/2013
	12
	Set-up calibrated and made first measurement

	UMa_B_Nominal_2
	01/08/2013
	12
	Re-measured on different date and re-calibrated

	UMa_B_Nominal_3
	02/08/2013
	12
	Re-measured on different date and re-calibrated

	UMa_B_Bad_1
	31/07/2013
	12
	Set-up calibrated and made first measurement.

	UMa_B_Bad_2
	01/08/2013
	12
	Re-measured on different date and re-calibrated

	UMa_B_Bad_3
	02/08/2013
	12
	Re-measured on different date and re-calibrated.


3.2.2.2
Comparison between repetitions
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Figure 3.2.2.2-1: SCMe UMa/B Average throughput over rotations comparison for CTIA Band 13 Good, Nominal and Bad antennas in various repetitions of a sensitivity measurement
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Figure 3.2.2.2-2: SCMe UMa/B 90% Throughput outage RS EPRE level for each rotation
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Figure 3.2.2.2-3: SCMe UMa/B Good repetitions comparison for all rotations
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. Figure 3.2.2.2-4: SCMe UMa/B Nominal repetitions comparison for all rotations
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. Figure 3.2.2.2-5: SCMe UMa/B Bad repetitions comparison for all rotations

Table 3.2.2.2-1: Analytical comparison between repetitions under SCMe UMa/B
	
	SCMe UMa/B Good
	SCMe UMa/B Nominal
	SCMe UMa/B Bad

	
	Outage of

Average over

Rotations

[dBm/15 kHz]
	Rotation 

Spread

[dB]
	Outage of

Average over

Rotations

[dBm/15 kHz]
	Rotation 

Spread

[dB]
	Outage of

Average over

Rotations

[dBm/15 kHz]
	Spread

between

Rotations

[dB]

	Measurement1
	-96.47
	2.04
	-93.43
	2.03
	-84.02
	6.07

	Measurement2
	-96.40
	2.09
	-93.45
	2.11
	-83.88
	6.51

	Measurement3
	-96.50
	1.65
	-92.12
	1.77
	-84.73
	6.21

	Average
	-100.49
	1.92
	-97.18
	1.97
	-91.11
	6.26

	Max. Deviation
	0.10 dB
	0.44
	1.34 dB
	0.34
	0.84 dB
	0.44


4.
Conclusion

We have shown in this contribution a set of repeated measurements for the sensitivity measurement in Band 13 described in [1]. The summary of average performance differences presented in Tables 3.2.1.2-1 and 3.2.2.2-1 remarks that the MIMO-OTA multi-probe AC methodology can provide highly repeatable measurements.
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